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The drywell spherical section is 66 feet in diameter and varies in thickness from '3/16 inches to 1'/16 
inches. The cylindrical neck section is 37 feet in diameter and varies in thickness from 3/4 inches to 

1112 inches. The spherical to cylindrical transition is 23/4 inches thick. The removable top head 
ranges from 1V/4 inches to 17/16 inches in thickness. The drywell stands 111 feet, 11 inches tall.  
Drywell materials are described in Section 6.2.1.  

As noted in the arrangement drawings, the drywell bottom is filled with concrete. Beneath the 
drywell is concrete fill from the spring line down. These concrete fills are in contact with an internal 

continuous steel ring on the interior and the steel support skirt on the exterior. These shear rings 
transmit the seismic shear loads into the building foundation and result in the drywell base and the 
reactor building acting as a unit under seismic loads. The upper portion of the drywell is supported 
by stabilizers and a truss arrangement to the reactor vessel and shield wall at elevation 575'-2".  
These systnig-transmit the upper lateral seismic loadg-to the reactor building. Thus all the vertical 
and seismic loads are transmitted directly to the reactor building and do not require additional 
support structures.  

3.8.2.1.2 Applicable Codes, Standards, and Specifications 

The primary containments were designed, erected, pressure-tested, and N-stamped in accordance 
with the ASME Code Section III, 1965 Edition including addenda through Summer 1965.  

Repairs/Replacements of primary containment components (class MC) are performed in accordance 
with ASME Code Section XI, Subsection IWE, 1992 Edition with 1992 Addenda.  

3.8.2.1.3 Loads and Load Combinations 

The loads applicable to the design of the drywell are defined as follows: 

D = dead load of structure and equipment plus any other permanent loads contributing stress, 
such as soil or hydrostatic loads or operating pressures, and live loads expected to be present 
when the plant is operating 

P = pressure due to LOCA 

R = jet force or pressure on structure due to rupture of any one pipe 

H = force on structure due to thermal expansion of pipes under operating conditions 

T = thermal load on containment, reactor vessel, and internals due to LOCA 

E = operating basis earthquake (OBE) load (0.10 g horizontal ground acceleration, 0.067 vertical 

ground acceleration) 

E' = safe shutdown earthquake (SSE) load (0.20 g horizontal ground acceleration, 0.133 g vertical 
ground acceleration) 

The load combinations and allowable stresses applicable to the design of the drywell are defined as 
follows:
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diameter as the drywell skirt. The shear in the two 1/8-inch fillet welds attaching this shear plate to 
the drywell under the OBE is 3550 psi. The bearing on the concrete for this condition is 315 psi.  
These values are within the allowable of 15,800 psi for the weld metal and 935 psi for the concrete.  
For the SSE, the stress in the weld is 7000 psi and in bearing on the concrete 615 psi. The weld 
stress and the concrete allowable bearing stress for the SSE is still below the working stress 
allowables.  

Absolute seismic acceleration curves were developed to give an envelope of the maximum absolute 
accelerations with respect to height. Moment, shear, and displacement curves were also developed.  
Instead of directly using the absolute acceleration curves, the moment, shear, and displacement 
curves were used in the seismic design of the drywell. Figures 3.8-2 through 3.8-7, present the 
maximum displacements, shears, and moments in both the east-west and north-south directions.  

In the drywell/reactor building/turbine building analysis, some minor discrepancies in the 
displacements of the interconnecting elements resulted due to: 

A. The plotting procedures, whereby a displacement is calculated for each mass point and a 
continuous curve drawn through these points, and 

B. The deflection of the spring connections shown between the reactor and turbine 
buildings.  

The NRC performed an independent review, under Systematic Evaluation Program Topic III-7.B, of 
the Dresden Unit 2 drywell and concluded that the drywell will perform its intended function when 
subjected to combined seismic-LOCA loads.  

3.8.2.1.6 Testing and Inservice Inspection Requirements 

Pressure and leakage rate testing of the containment system are addressed in Section 6.2.6.  

Primary containment repairs, replacements, and examinations are done in accordance with ASME 
Section XI, Subsection IWE, 1992 Edition with 1992 Addenda.  

3.8.2.1.7 Flued Head Penetrations 

Fluid pipe penetrations are of two general types; i.e., those which accommodate thermal movement 
and those which experience relatively little thermal stress. Fluid piping penetrations for which 
movement provisions are made are high-temperature lines such as the main steam line and certain 
other reactor auxiliary and cooling system lines. Typical penetrations of this type are shown in 
Figures 3.8-8, 3.8-9A and 3.8-9B. These penetrations have a guard pipe between the hot line and the 
penetration nozzle and a two-ply expansion bellows between the penetration nozzle and the flued 
head. This configuration permits the penetration to be vented to the drywell should a rupture of the 
hot line occur within the penetration.  

The guard pipes are designed to the same pressure and temperature as the fluid line and are 
attached to a multiple flued head fitting, a forging with integral flues or nozzles. This fitting was 
designed to conform to ASME Section VIII. The
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23/4-inch diameter pins. The support collar plates are attached to the vent header with 5/16-inch 
fillet welds. The support column loads are transferred at the upper pin locations by 3/4-inch thick 
pin plates. The lower ends of support columns are attached to 1-inch thick ring girder pin plates 
with 23/4-inch diameter pins and 3/4-inch thick pin plates. The support column assemblies are 
designed to transfer vertical loads acting on the vent system to the suppression chamber ring 
girders, while simultaneously resisting drag loads on submerged structures.  

The vent system is supported horizontally by the vent lines which transfer lateral loads acting on 
the vent system to the drywell at the vent line/drywell penetration locations. The vent lines also 
provide additional vertical support for the vent system, even though the vent system support 
columns provide primary vertical support. Since the relative stiffness of the bellows with respect 
to other vent system components is small, the support provided by the vent line bellows is -,-ne~gligible.,-: 

The vent system also provides support for a portion of the SRVDL piping inside the vent line and 
suppression chamber (Figures 3.8-24 and 6.2-4). Loads acting on the SRVDL piping are 
transferred to the vent system by the penetration assembly and internal supports on the vent line.  
Conversely, loads acting on the vent system cause motions to be transferred to the SRVDL piping 
at the same support locations. Since the relative stiffness of the SRVDL piping with respect to 
other vent system components is small, the support provided by the SRVDL piping to the vent 
system is negligible.  

3.8.2.2.2 Applicable Codes. Standards, and Specifications 

The primary containment, including the vent system described herein, was originally designed, 
erected, pressure-tested, and N-stamped in accordance with the ASME Code Section III, 1965 
Edition including addenda through Summer 1965.  

For the Mark I Program reevaluation, the acceptance criteria generally followed the ASME Code 
Section III, 1977 Edition with addenda up to and including Summer 1977 for metal containment 
(Class MC) components and component supports. Further detail regarding structural acceptance 
criteria may be found in Section 3.8.2.2.5.  

Repairs/Replacements of primary containment components (class MC) are performed in 
accordance with ASME Code Section XI, Subsection IWE, 1992 Edition with 1992 Addenda.  

3.8.2.2.3 Loads and Load Combinations 

The loads for which the vent system was evaluated are defined in NUREG-0661131 on a generic 
basis for all Mark I plants. Mark I program loads have been defined in a separate report known 
as the Plant Unique Load Definition (PULD)"1 for Dresden. The PULD essentially implemented 
the methodologies defined in NUREG-0661.  

The loads acting on the vent system are categorized as follows: 

A. Dead weight loads, 

B. Seismic loads,
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The analytical models were also used to evaluate stresses in the penetrations and intersections.  
Stresses were computed by idealizing the penetrations and intersections as free bodies in 
equilibrium under a set of statically applied loads. The applied loads, which were extracted from 
either of the two 1/16 beam model results or from either of the two 1800 beam models results, consist 
of loads acting on the penetration and intersection model boundaries and of loads acting on the 
interior of penetration and intersection models. The loads acting on the penetration and intersection 
model boundaries are the beam end loads taken from the vent system at nodes coincident with the 
penetration or intersection model boundary locations.  

3.8.2.2.5 Structural Evaluation 

The NUREG-0661' 3' acceptance criteria on which the vent system analysis is based follow the ASME 
Code Section III, 1977.Edition, including the Summer 1977 Addenda for Class MC components and 
component supports. The corresponding service level assignments, jurisdictional boundaries, 
allowable stresses, and fatigue requirements are consistent with those contained in the applicable 
subsections of the ASME Code and the Plant Unique Analysis Applications Guide (PUAAG).151 

The items evaluated in the analysis of the vent system are the vent lines, the spherical junctions, the 
vent header, the downcomers, the downcomer ring plates, the support columns and associated 
support elements, the drywell shell near the vent line penetrations, the vent header deflectors, the 
downcomer/vent header intersection stiffener plates, the downcomer bracing systems, the vent 
header support collar, and the vent line bellows assemblies.  

The vent lines, the vent line/vent header spherical junctions, the vent header, the downcomers, the 
drywell shell, the downcomer/vent header intersection stiffener plates, the downcomer ring plates, 
and the vent header support collars were evaluated in accordance with the requirements for Class 
MC components contained in Subsection NE of the ASME Code. Fillet welds and partial penetration 
welds joining these components or attaching other structures to them were also examined in 
accordance with the requirements for Class MC welds contained in Subsection NE of the ASME 
Code.  

The support columns, the downcomer bracing members, and the associated connecting elements and 
welds were evaluated in accordance with the requirements contained in Subsection NF of the ASME 
Code for Class MC component supports. The vent header deflectors and associated components and 
welds were also evaluated in accordance with the requirements for Class MC components supports, 
with allowable stresses corresponding to ASME Code, Subsection NF Service Level D limits.  

The allowable stresses for all the major components of the vent system, such as the vent line, the 
spherical junctions, the vent header, and the downcomers, were determined at the maximum DBA 
temperature of 284 0 F per the Plant Unique Load Definition (Reference 4). Table 3.8-5 shows the 
allowable stresses for the load combinations with ASME Code Service Level B and C limits.

3.8-15

Rev. 4



DRESDEN - UFSAR

The portion of the SRVDL within the limits of reinforcement normal to the vent line penetration 
(both above and below the vent shell) is classified as a Class MC component for analysis purposes.  
This segment of piping was evaluated as part of the SRVDL, which was analyzed according to the 
methods summarized in Section 3.9.3.1.3.  

As permitted in ASME Code Subsection NCA, Class 1 piping rules were employed in the stress 
analysis of this section of the SRVDL piping. Class MC material stress allowable were used, 
however. Acceptance criteria are therefore based on the requirements of Code Subsection NB, and 
are summarized in Table 3.8-6.  

Table 3.8-7 shows the maximum stresses and associated design margins for the major vent system 
components, component supports, and welds for the controlling load combinations.  

Table 3.8-8 summarizes the Class MC SRVDL stress and fatigue results. The calculated and Code 
allowable stresses are given for each applicable Code equation for each service level. The calculated 
and allowable fatigue usage factor is also given for the applicable service level.  

As demonstrated in the results, after completion of the modifications described in Section 6.2, all of 
the vent system results are within acceptance limits.  

3.8.2.2.6 Testing and Inservice Inspection Requirements 

Pressure and leakage rate testing of the containment system is addressed in Section 6.2.6.  

Primary containment repairs, replacements, and examinations are performed in accordance with 
ASME Section XI, Subsection IWE, 1992 Edition with 1992 Addenda.  

3.8.2.3 Suppression Chamber 

3.8.2.3.1 Description of Structure 

The suppression chamber is constructed from 16 mitered cylindrical shell segments joined together 
in the shape of a torus. Figure 6.2-3 illustrates the configuration of the suppression chamber.  
Figures 3.8-1 and 3.8-17 through 3.8-19 show the proximity of the suppression chamber to other 
components of the containment.  

The suppression chamber is connected to the drywell by eight vent lines which, in turn, are 
connected to a common vent header within the suppression chamber. Attached to the vent header 
are downcomers which terminate below the surface of the suppression pool. The vent system is 
supported vertically at each miter joint by two support columns which transfer reaction loads to the 
suppression chamber (Figure 6.2-5). A bellows assembly is provided at the penetration of the vent 
line to the suppression chamber to allow differential movement of the suppression chamber and vent 
system to occur (Figure 6.2-4).  

The major radius of the suppression chamber is 54.5 feet, measured at midbay of each mitered 
cylinder. The ID of the mitered cylinders which make up the suppression chamber is 30.0 feet. The 
suppression chamber shell thickness is
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The column connection web plates and saddle support web plates are connected with fillet welds and 
partial penetration welds.  

Each saddle support consists of a 1'/4-inch thick web plate, a P1/4-inch thick lower flange plate and 
saddle base plate assemblies (Figures 3.8-19 and 3.8-20). The saddle base plate assemblies consist of 
a 2/8-inch thick base plate, a 3 ,2-inch thick lubrite plate, and a 1-inch thick bearing plate. This 
assembly allows for radial growth due to thermal loads as do the column base plate assemblies. The 
saddle is reinforced with 41/4-inch thick stiffener plates to ensure that buckling does not occur during 
peak loading conditions.  

The anchorage of the suppression chamber saddle to the basemat consists of eight, 13/4-inch 
diameter, epoxy-grouted anchor bolts provided at each saddle base plate location. Four, 1,2-inch, 
epoxy-grouted anchor bolts and two embedded in the original basemat pour are provided at each 
outside column base plate location, and two epoxy-grouted anchor bolts and two embedded in the 
original basemat pour are provided at each inside column location. The saddle anchor bolts are 
anchored through a 313/16-inch long slotted hole in the base plate to allow for thermal growth. A total 
of 26 anchor bolts at each miter joint provides the principal mechanism for transfer of uplift loads on 
the suppression chamber to the basemat.  

A sway rod assembly at the outside columns provides lateral support for the suppression chamber 
(Figure 3.8-23). This seismic sway rod consists of 3'/2-inch diameter sway rods and 33/4-inch diameter 
turnbuckles to provide restraint for movement along the torus centerline resulting from lateral loads 
acting on the suppression chamber. The sway rods are joined to the 1l)2-inch thick wing plate at the 
top of the column by 4-inch diameter pins. The lower ends of the sway rods are joined to a 2-inch 
thick seismic tie plate at the column base (Figure 3.8-23).  

Each unit has five vent bays with T-quenchers. The ramsheads of the T-quenchers are located near 
midbay, with the associated quencher arms oriented horizontally parallel to the longitudinal axis of 
the vent bay. The quencher arms are supported by a horizontal pipe beam which spans the miter 
joint ring girders.  

The suppression chamber provides support for many other containment-related structures, such as 
the vent system, and the catwalk. Loads acting on the suppression chamber cause motions at the 
points where these structures attach to the suppression chamber. Loads acting on these structures 
also cause reaction loads on the suppression chamber. These containment interaction effects were 
evaluated in the analysis of the suppression chamber.  

3.8.2.3.2 Applicable Codes, Standards, and Specifications 

The primary containment, including the suppression chamber described herein, was originally 
designed, erected, pressure-tested, and N-stamped in accordance with the ASME Code Section III, 
1965 Edition with addenda up to and including Summer 1965.  

For the Mark I Program reevaluation, the acceptance criteria generally follow the ASME Code 
Section III, 1977 Edition with addenda up to and including Summer 1977 for Class MC components 
and component supports. Further detail regarding structural acceptance criteria may be found in 
Section 3.8.2.3.5.  

Repairs/Replacements of primary containment components (class MC) are performed in accordance 
with ASME Code Section XI, Subsection IWE, 1992 Edition with 1992 Addenda.
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3.8.2.3.5 Structural Evaluation 

The NUREG-0661"3' acceptance criteria on which the suppression chamber analyses are based follow 
the ASME Code, Section III, 1977 Edition, including the Summer 1977 Addenda for Class MC 
components and component supports. The corresponding service level assignments, jurisdictional 
boundaries, allowable stresses, and fatigue requirements are consistent with those contained in the 
applicable subsections of the ASME Code and the PUAAG.'5 • 

The items examined in the analysis of the suppression chamber include the suppression chamber 
shell, the ring girder, and the suppression chamber horizontal and vertical support systems.  

The suppression chamber shell and ring girder were evaluated in accordance with the requirements 
for-Class MC components contained in SubsectiowrNE of the ASME Code. Fillet welds and partial 
penetration welds in which one or both of the joined parts includes the suppression chamber shell 
and the ring girder were also evaluated in accordance with the requirements for Class MC 
component attachment welds contained in Subsection NE of the ASME Code.  

The allowable stresses for each suppression chamber component and vertical support system 
component were determined at 165°F. The allowable stresses for the vertical support system base 
plate assemblies were determined at 100°F. Table 3.8-9 shows the resulting allowable stresses for 
the load combinations with ASME Code Service Level B, C, and D limits.  

Table 3.8-10 summarizes the maximum stresses and associated design margins for the major 
suppression chamber components and welds for the controlling load combinations.  

The components of the suppression chamber, which are specifically designed for the loads and load 
combinations used in this evaluation, exhibit the margins of safety inherent in the original design of 
the primary containment after completion of the modifications described in Section 6.2. The intent 
of the NUREG-0661"3 ' requirements is therefore considered to be met.  

3.8.2.3.6 Testing and Inservice Inspection Requirements 

Pressure and leakage rate testing of the containment system is addressed in Section 6.2.6.  

Primary containment repairs, replacements, and examinations are performed in accordance with 
ASME Section XI, Subsection IWE, 1992 Edition with 1992 Addenda.  

3.8.3 Internal Structures of Steel Containment 

Class I structures located within the primary containment include the reactor concrete pedestal and 
the concrete reactor shield wall. Structural evaluation for the reactor pedestal and reactor shield 
wall are addressed in Section 3.9.3.
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Table 3.8-1 

DRYWELL MAJOR PENETRATION CLASSIFICATION 
UNIT 2

Penetration 

X-105A, B, C, D 

X-106 

X-107A, B 

X-108A 

X-109B 

X-111A, B 

X-113 

X-115 

X-116A 

X-116B 

X-117 

X-118 

X-119 

X-120 

X-121 

X-123 

X-124 

X-130 

X-144ý
2) 

X-145, X-150 

X-147 

X-149A, B

ntitu ServiceQU
4 Main steam 

1 Main steam drain 

2 Feedwater 

1 Isolation condenser steam supply 

1 Isolation condenser return 

2 Shutdown cooling supply 

1 Cleanup system supply 

1 HPCI steam supply 

1 LPCI pump discharge 

1 LPCI pump discharge 

1 Drywell floor drain sump discharge 

1 DryweUl equipment drain sump 
discharge 

1 Demineralized water supply 

1 Service air supply 

1 Instrument air supply 

1 Reactor building closed cooling water 
supply 

1 Reactor building closed cooling water 
return 

1 Standby liquid control 

1 CRD system returnr2O 

2 Containment spray 

1 Reactor head cooling 

2 Core spray

1A 

1 

1 

1 

1A 

1A 
1A 

1 

1A 

2A 

2 

2 

2 

2 

2 

1A 

1A 

1A 

1A

Notes:

1. Penetration types are illustrated in Figures 3.8-8 (Type 1), 3.8-9 A (Type 1A), 3.8-9B (Type 1B), 
and 3.8-10 (Type 2).  

2. The Unit 2 CRD return line was removed inside the drywell in 1993. The penetration and the 
CRD return line were both capped on the inboard side of the penetration.

(Sheet 1 of 1)
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Size 
(in.) 

20 

2 

18 

14 

12 

16 

8 

10 

16 

16 

3 

3 

3 

1 

1 

6 

6 

1½ 

4 

10 

21 

10
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Table 3.8-2 

DRYWELL MAJOR PENETRATION CLASSIFICATION 
UNIT 3

Penetration 

X-105A 

X-105B, C, D 

X-106 

X-107A 

107B 

X-108A 

X-109A 

X-111A 

X-111B 

X-113 

X-113B 

X-128 

X-116A, B 

X-117 

X-118 

X-119 

X-120 

X-121 

X-123 

X-124 

X-138 

X-109B 
2
1 

X-145, X-150 

X-147 

X-149A 

X-149B

QLu

1 

3 

1 

1 

1 

1

Service

Main steam 

Primary steam 

Main steam drain 

Feedwater 

Feedwater 

Isolation condenser steam supply

1 Isolation condenser return 

1 Shutdown cooling supply 

1 Shutdown cooling supply 

1 Cleanup system supply 

1 Shutdown cooling supply 

1 HPCI steam supply 

2 LPCI pump discharge 

1 Drywell floor drain sump discharge 

1 Drywell equipment drain sump 
discharge 

1 Demineralized water supply 

1 Service air supply 

1 Instrument air supply 

1 Reactor building closed cooling water 
supply 

1 Reactor building closed cooling water 
return 

1 Standby liquid control 

1 CRD system return^121^ 

2 Containment spray 

1 Reactor head cooling 

1 Core spray 

1 Core spray

Notes:

Penetration types are illustrated in Figures 3.8-8 (Type 1), 3.8-9 (Type 1A), and 3.8-10 (Type 2).  
The Unit 3 CRD return line was removed inside the drywell during the 1985-86 Unit 3 
Recirculation Pipe Replacement Outage. The drywell penetration was capped on the inside, 
and the line itself was capped on the outboard side of the penetration.
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Size 
(in.) 

20 

20 

2 

18 

18 

14 

12 

16 

16 

8 

8 

10 

16 

3 

3

1 

1 

1 

1 

1A 

1 

1 
1 

1 
1A 

2 

2 

2 

2 

1A 

ILA

3 
1 

1 

6 

6 

11/2 

4 

10 

2½ 

10 

10

1A 

1A 

1A

1.  
2.
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Structural Integrity Associates (SIA) was contracted early in 1998 to independently review the 
General Electric analyses (reference 1) which updated the original Babcock & Wilcox Stress Report.  
The SIA report (reference 2) identified several conservatisms that had been applied in the General 
Electric analysis that resulted in high fatigue usage factors for the closure head studs. General 
Electric has re-evaluated the fatigue usage to the closure head studs (reference 3). The projected 
fatigue usage of the closure head studs after forty years of service life is now projected to be 0.79 for 
Dresden 2 and 0.74 for Dresden 3. As a result, the closure studs are not the vessel fatigue life
limiting component.  

3.9.1.2 Considerations for the Evaluation of the Faulted Condition 

Fora discussion of dynamic analysis methods applicable to seismic evaluation of piping, see Section 
3.7.
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interference fit (piston ring type). The four new stainless steel feedwater spargers now have nozzles 
instead of the conventional drilled round holes which were subject to cracking.  

The new sparger/thermal sleeve design will extend the service life of the feedwater nozzles by 
limiting the amount of feedwater leakage past the thermal sleeve which will prevent thermal fatigue 
cracking in the nozzle and safe-end bores. Inspection intervals and methods were originally 
established in Table 2 of NUREG 0619. This equipment was inspected during D2R15 and D3R15 
using an automated ultrasonic technique that met the intent of ASME Section XI Appendix VIII.  
The BWR Owners Group submitted a proposed alternate inspection to NUREG 0619 to the NRC 
(General Electric report GE-NE-523-A71-0594) dated October 30, 1995. The NRC accepted this 
proposal and issued a Safety Evaluations (TAC M94090) dated June 5, 1998. The SER permitted 
ultrasonic inspection meeting Appendix VIII of ASME Section XI to be used as an alternate to liquid 
penetrant inspections originally stipulated in Table 2 of NUREG 0619ý Dresden will utilize the 
inspection methods and inspection frequencies stipulated in Table 2 of the SER.  

The reactor has two 100%-capacity core spray spargers. Each sparger is in two halves to allow for 
thermal expansion and is supported by slip-fit brackets welded just below the top of the core shroud.  
Each half receives spray water from one of a pair of supply lines routed in the reactor vessel to 
accommodate differential movement between the shroud and the vessel. The supply line pair for 
each system terminates at a common vessel nozzle. The sparger distribution nozzles are pointed 
radially inward and downward at a slight angle to achieve specified distribution pattern.  

During D3R14 and D2R15, automated ultrasonic "baseline" examinations were performed on the 
Core Spray down-comer piping welds internal to the reactor vessel between the reactor vessel 
nozzles and the shroud penetrations. Both units displayed evidence of IGSCC on these susceptible 
welds. A Flaw Evaluation was performed for each unit (S&L Reports: SL-5197 (D2) and SL-5130 
(D3) which, considering flaw growth, evaluated structural design margin remaining and projected 
resulting leakage after two cycles of operation. The evaluations concluded sufficient structural 
margin would remain after two cycles and that the welds would be below code allowable stresses for 
all deisgn load combinations. The evaluations also concluded that the resulting projected leakage 
after two cycles of operation would be bounded by the leakage assumptions of the fuel vendors LOCA 
analysis. During D2R17 and D3R16, a re-inspection and re-evaluation is required. Thereafter, 
monitoring of the condition of this equipment will be as required and re-evaluation is required.  
Thereafter, monitoring of the condition of this equipment will be as required by the applicable ASME 
Section XI flaw evaluation and as necessary by BWRVIP Guidelines.  

The standby liquid control system sparger is a perforated pipe attached inside the bottom end of the 
core shroud. It discharges the sodium pentaborate solution into the cooling water which then rises 
upward through the reactor fuel.  

The steam separator assembly consists of the core top plenum head into which are welded an array 
of standpipes, with a steam separator attached to the top of each standpipe. The assembly is bolted 
on top of the core shroud by long bolts which permit removal for refueling operations. The assembly 
is guided into place by vertical guide tracks on the inside of the reactor vessel and by locating pins on 
top of the shroud.  

The fixed centrifugal-type steam separators have no moving parts. In each separator, the 
steam-water mixture rising through the standpipe passes vanes which impart a spin to establish a 
vortex which separates the steam from the water. The steam exits from the top of the separator and 
rises up to the dryers. The separated water exits from under the separator cap and returns to the 
trays among the standpipes, which drain into the downcomer annulus.  

The steam dryer assembly is bolted on brackets on the inside of the reactor vessel wall below the 
steam outlet nozzle. A skirt extends down from the dryer assembly into the water to form a seal
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between the wet steam plenum below the dryers and the dry steam flowing out the top and down to 
the steam nozzles. Moisture is removed by impinging on the dryer vanes and flows down through 
collecting troughs and tubes to the water trays above the downcomer annulus. The vertical tracks 
inside the reactor vessel are also used to guide the dryer assembly into position.  

There are 53 incore nuclear instrumentation guide tubes extending up through the bottom of the 
reactor vessel to the core top grid.  

The guide tubes are inserted into the reactor through housings that are attached to the bottom head 
of the reactor vessel and extend down to the same level as the drive housing flanges.

3.9-27a
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3.9.6 Inservice Testing of Pumps and Valves 

Presently, inservice testing (IST) of pumps and valves is governed by the Third 10-Year Interval IST 

Program which will remain in effect through February 28, 2002. The IST program was developed in 

response to the requirements of 10 CFR 50.55a.  

In accordance with 10 CFR 50.55a, IST programs are updated at 10-year intervals to incorporate the 

provisions of newer editions of ASME Section XI. Specifically, the regulation requires that IST 

program revisions meet the requirements (to the extent practical) of the latest ASME Code edition 

and addenda incorporated by reference in Paragraph (b) of 10 CFR 50.55a 12 months prior to the 

start of the 10-year inspection interval. The current IST program is based upon the requirements of 

the ANSI/ASME Operations and Maintenance Standard OMa-1988 Part 6 and 10, consistent with 

the requirements of 10 CFR 50.55a.

3.9-38
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The construction permits for Dresden Units 2 and 3 were issued on January 10, 1966, and October 
14, 1966, respectively. At that time the ASME Code covered only nuclear reactor vessels and 
associated piping up to and including the first isolation or check valve. Piping, pumps, and valves 
were built primarily to the Power Piping Code rules of USAS B31.1. Consequently, the Dresden IST 
program contains no ASME Code Class 1, 2, or 3 designed systems. The system classifications used 
as a basis for the IST program are based on the requirements given in 10 CFR 50.55a(g) and 
Regulatory Guide 1.26, and were developed for the sole purpose of assigning the appropriate IST 
requirements. Components within the reactor coolant pressure boundary (RCPB), as defined in 
10 CFR 50.2, are designated Inservice Inspection (ISI) Class 1 as determined by 10CFR 50.55a, with 
the exceptions allowed by 10CFR 50.55a(c). Other safety-related components are designated as ISI 
Class 2 and 3 in accordance with the guidelines of Regulatory Guide 1.26. Pursuant to 
10 CFR 50.55a(a)(1), IST requirements of Section XI of the ASME Code are then assigned to these 
components, within the constraints of existing-plant design.  

The extent of the Class 1, 2, and 3 designations for systems or portions of systems subject to the IST 
requirements are identified on the Dresden Piping and Instrumentation Diagrams (P&ID). In 
accordance with Regulatory Guide 1.26, the IST boundaries on the P&ID are limited to safety
related systems which contain water, steam, or radioactive materials.  

Inservice inspection and testing of the reactor coolant pressure boundary is addressed in Section 
5.2.4. Inservice inspection for Class 2 and 3 components is discussed in Section 6.6. Preservice 
inspection and testing of pumps and valves is discussed in Chapter 14.  

3.9.6.1 Inservice Testing of Pumps 

The inservice testing program for ISI Class 1, 2, and 3 pumps meets the requirements of 
ANSI/ASME Operations and Maintenance Standard OMa 1988, Part 6. Where these requirements 
were determined to be impractical, specific requests for relief have been approved by the NRC.  

The IST program establishes the requirements for inservice testing to assess the operational 
readiness of certain centrifugal and positive displacement pumps used in nuclear power plants. The 
pumps covered are those that are provided with an emergency power source, which are required in 
shutting down the reactor to the cold shutdown condition, maintaining the cold shutdown condition, 
or mitigating the consequences of an accident. In addition to ISI Class 1, 2, and 3 pumps, some 
safety-related pumps and some nonsafety-related pumps have been included in the IST program at 
the request of the NRC.  

3.9.6.2 Inservice Testing of Valves 

The IST program for ISI Class 1, 2 and 3 valves meets the requirements of ANSI/ASME Operations 
and Maintenance Standard OMa-1988, Part 10. Where these requirements were determined to be 
impractical, specific requests for relief have been approved by the NRC.

3.9-39
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Table 3.9-7 (Continued) 

MAXIUMUM STRESSES FOR ORIGINAL CLASS I STATICALLY ANALYZED PIPED 
DESIGN BASIS EARTHQUAKE

Notes: 

1. For piping 2" and under, ASTM A335 Grade P11 or P22 may be substituted for ASTM A106 Grade B material for the same schedule.  
For fittings and valves 2' and under, ASTM A182 Grade F1l or F22 may be substituted for ASTM A105 for the same rating.  
Substitutions are allowed up to a maximum temperature of 450°F (operating or design).

(Sheet 2 or 2)

Horizontal Total DBE Combined 
O.D. Thickness Int-nsification Static Weight Pressure Seismic Stress Yield Stress 

Item System Point No. Material (inches) (inches) Factor Coefficient Stress Stress Stress Sigma (psi) 
K (psi) (psi) (psi) (psi) 

9 Containment Cooling from Heat Exchanger to 48-inch 220 Bend ASTM A106 14.000 .375 2.94 1.4 706 601 33,422 34,729 35,000 

Stand pipe GR.B 

10 Isolation Condenser Supply 60 Anchor ASTM A358 14.000 .638 1.00 2.50 2694 5935 3,211 11,840 17,000 
TP 304 

11 Isolation Condenser Return 90 Anchor ASTM A358 13.170 .585 1.00 2.50 2272 6112 5,476 13,860 17,000 
TP 304 _1 _1 

12 PCI Pump Discharge 305 Bend ASTM A106 14.000 1.093 3.34 1.4 2402 3710 21,608 27,720 35,000 
GR.B _II
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Table 3.9-9 

APPLICABLE ASME CODE EQUATIONS AND 

ALLOWABLE STRESSES FOR MARK I TORUS ATTACHED PIPING

ASME Code 
Equation 
Number 

8 

9

9 

9 

10 

11

Service 
Level 

A 

B

B 

B 

B 

B

Stress 
Limit"' 

1.0 S, 

1.2 Sh 

1.8 Sh 

2.4 S, 

1.0 S.  

S, + Sý

Allowable 
Value (ksi) 

(2), (3) 

15.0 

18.0

27.0 

36.0 

22.5 

37.5

Governing Load 
Combination 

Number'
4 

A-i, T-1 

B-i, B-2 

C-1 Through C-3 

D-1 Through D-5 

A-2 Through A-9 

(1)

Notes: 

1. See ASME Section III, Subsection NC-3650.

2. Increased allowables as defined in NUREG-0661 have been utilized for piping systems which 

have been classified as nonessential.  

3. Allowable stress values are for ASTM A106, Grade B material since this material is used for 

most of the TAP systems.  

4. Governing load combination numbers are listed in Table 3.9-5.  

5. For piping 2" and under, ASTM A335 Grade Pll or P22 may be substituted for ASTM A106 

Grade B material for the same schedule. For fittings and valves 2" and under, ASTM A182 

Grade Fii or F22 may be substituted for ASTM A105 for the same rating. Substitutions are 

allowed up to a maximum temperature of 450'F (operating or design).

(Sheet 1 of 1)

Stress 
Type 

Primary 

Primary

Primary 

Primary 

Secondary 

Primary 
and 

Secondary
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B. Standby diesel generator rooms (see Section 9.4 for further discussion).  

A room cooler consisting of an air-to-water heat exchanger and fan is also provided for each high pressure 
coolant injection (HPCI) and the low pressure coolant injection (LPCI)/core spray(CS) pump room (see 
Section 9.4).  

The HPCI room cooler is required to exempt equipment in the HPCI room from the environmental 
qualification requirements of 10CFR50.49. However, analysis was performed to demonstrate that HPCI 
safety-related electrical equipment will remain operable even if the room cooler heat exchanger does not 
function, provided the fan can operate to mix air in the room.  

The LPCI/CS room coolers are not required to support the operation of the LPCI/CS systems. All safety
related electrical equipment'Iocated in the LPCI/CS rooms that is subject tci 101FR50.49 has been 
environmentally qualified for the elevated temperatures resulting from a LOCA concurrent with a loss of the 
room coolers (LORC). The elevated temperatures from a LOCA concurrent with a LORC are reflected in 
Table 3.11-2.  

In determining the normal temperature parameters for environmental zones (shown in Table 3.11-1), the 
evaluation includes the effects of normal plant operation, loss of HVAC, or operation of equipment required 
for post-design basis event plant recovery. Where comparatively high values for normal temperature 
appear, these result from conditions other than direct exposure to a LOCA or HELB.  

3.11.5 Estimated Chemical and Radiation Environment 

No special chemical environments that warrant investigation for their effects on safety-related equipment 
are present at Dresden. Demineralized water is used for containment spray, and its effect on safety-related 
equipment has been evaluated.  

A radiation study was performed to establish integrated doses to equipment following a postulated LOCA.  
The core fission product inventory was based on the GE document, "Radiation Source Information for 
NUREG-0578 Implementation Computer Run. " 2' 

The introduction of SPC fuel (ATRIUM-9B and 9x9-2) does not invalidate the results of the study 
(References 3 and 4) because the reactor core inventory and the potential radioactive releases from the core 
are not changed significantly from that obtained with GE fuel.  

The fission products were diluted into the appropriate fluid media as follows: 

Fluid Noble Gases (%) Halogens (%) Other (%) 
Suppression pool liquid --- 50 1 
Reactor coolant liquid 100 50 1 
Containment atmosphere 100 25 --
Reactor steam 100 25 --

Dilution of the fission products was considered using the fluid volume as the dilution media.  

For components located inside the drywell, only gamma doses were considered if the component was 
enclosed in an inorganic material (e.g., valve motor actuators in metal enclosures). The gamma dose was 
established based on immersion of the component in the gaseous drywell atmosphere for the time that the 
component must remain functional. For components enclosed in organic material (e.g., cable), beta radiation 
doses were also calculated. Where components enclosed in organic materials are installed in metal 
enclosures (e.g., cable in conduit or flex-conduit), beta radiation is neglected. The effects of the beta dose 
have been considered by analysis. The analysis demonstrates that the combined gamma and beta dose is

3.11-9
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Table 3.11-1 

ENVIRONMENTAL ZONE PARAMETERS FOR NORMAL SERVICE CONDITIONS

Zone 

1 

2 

3 

4 

5 

6 

7 

7a 

7b 

8 

9 

9a 

10 

11 

12 

13 

14 

15(2) 

16 

17 

18 

19 

19a 

20 

20a 

21 

22 (4) 

23 

24 

25 

26 

27 

28

Temperature 
(OF) 

150 

104 

104 

104(l) 

104ý1 
104'1 

120 

120 

1206" 

150 

150 

125 

104 

104 

104 

104 

104 

104 

104 

104 

120 

120 

80 

120 

120 

150 

104 

104 

104 

150 

104 

104 

104

Pressure 
(psia) 

16.2 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

16.2 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

16.2 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7

(Sheet I of 2)

40-Year Dose 
(rads) 

8.8 x 106 

3.5 x 104 

<1.0 x 10' 

<1.0 x 104 

<1.0 x 104 

<1.0 x 104 

1.8 x 106 

<1.0 x 10 4 

1.0 x 107 

8.8 x 106 

1.8 x 106 

1.8 x 106 

<1.0 x 104 

<1.0 x 104 

<1.0 x 10 4 

<1.0 x 104 

<1.0 x 104 

<1.0 x 11Y 

<1.0 x 104 

<1.0 x 104 

<1.0 x 104 

<1.0 x 10 4 

<1.0 x 104 

<1.0 x 104 

1.8 x 106 

1.8 x 10 7 

5.4 x 10r 

1.8 x 104 

<1.0 x 104 

1.8 x 106 

<1.0 x 10 4 

<1.0 x 104 

<1.0 x 104

Rev. 4
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Table 3.11-1 

ENVIRONMENTAL ZONE PARAMETERS FOR NORMAL SERVICE CONDITIONS

Zone 

29 

30 

30a 

31 

3T h 

32 

33 

34 

35 

36 

37 
38(5) 

3903) 

40 

41 

42 

43 

44(7) 

45 

46 
47

Temperature 
(OF) 

120 

120 

95 

125 

120 

150 

150 

104 

104 

104 

104 

120 

120 

104 

150 

104 

104 

104 

104 

120 
120

Pressure 
(psia) 

14.7 

14.7 

14.7 

14.7 

14.7 

16.2 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

16.2 

14.7 

14.7 

14.7 

14.7 

14.7 
14.7

Notes: 
1. When the ECCS pump in the room is operating, the normal service temperature can rise to 

1500F.  
2. Zone 15 is a 5-foot zone around 18-inch line 1603-18".  
3. Zone 39 is a 5-foot zone around 18-inch line 7504-18".  
4. Pump rooms are seperate from the HX bay and experience lower doses per NEDO-24218; 

however, the area is currently included as part of Zone 22 (1.8 x 104 rads).  
5. The normal 40-year dose in the area around the steam jet air ejectors is 5.3 x 106 rads per 

NEDO-24218.  
6. Section 9.4.3.1 reports design temperatures of 103°F in occupied areas, 120'F in cells and 

collector tank room, and 150'F in the concentrator and concentrator tank waste cells.  
7. The portion of Zone 44 which is north of Column H is regarded as part of the Turbine Building 

and has the following normal service parameters: 120'F, 14.7 psia, <1.0 x 10 4 rads.

(Sheet 2 of 2)

40-Year Dose 
(rads) 

1.8 x 106 

<1.0 x 104 

<1.0 x 104 

1.8 x 106 

<r:o x,-10
4 

1.8 x 107 

1.8 x 106 

3.6 x 106 

<1.0 X 104 

<1.0 x 104 

<1.0 x 104 

<1.0 x 104 

<1.0 x 104 

<1.0 x 104 

8.8 x 106 

<1.0 x 104 

<1.0 x 104 

<1.0 x 104 

<1.0 x 104 

<1.0ox 10 4 

<1.0 x 10 4
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Table 3.11-2 

ENVIRONMENTAL ZONE PARAMETERS FOR POST-ACCIDENT CONDITIONS

HELB LOCA

Temperature 
Zone (OF)

1 

2 

3 

4 

5 

6 

7 

7a 

7b 

8 

913 

9a 

10 

11 

12 

13 

14

334 

242 

221 

2705 

2707 

298' 

120 

120 

120 

334 

304 

304 

201 

201 

201 

201 

201

Pressure 
(psia) 

40.0 

15.1 

14.9 

14.9' 

15.01 

16.6 

14.7 

14.7 

14.7 

40.0 

27.5 

27.5 

14.8 

14.8 

14.8 

14.8 

14.8

Temperature12 (OF) 

295 

153 

127/128 

178.66 

178.66 

12714 

120 

120 

120" 

295 

150 

125 

127/128 

127/128 

127/128 

127/128 

127/128

Pressure 
(psia) 

63.0 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

63.0 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7

1-Hour Dose 
(rads) 

2.0 x 107 

1.42 x 106 

<1.0 x 104 

2.1 x 10' 

2.1 x 10' 

1.8 x 105 (2, 

<1.0 x 104 

<1.0 x 104 

<1.0 x 10
4 

2.0 x 107 

1.1 x 105 

1.1 x 105 

2.6 x 10 5 

1.1 x 10

<1.0 x 10

1.1 x 105 

6.5 x 10'

30-Day Dose 
(rads) 

1.0 x 108 

1.0 x 107 

<1.0 x 104 

4.1x 100 

4.1 x 106 

3.5 x 106121 

<1.0 x 10' 

<1.0 X 104 

<1.0 x 104 

1.0 x l0o 

2.0 x 106 

2.0 x 106 

1.4 x 106 

2.0 x 106 

1.1 x 1o5 

2.0 x 106 

2.8 x 10'

(Sheet 1 of 5)
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Table 3.11-2 (Continued) 

ENVIRONMENTAL ZONE PARAMETERS FOR POST-ACCIDENT CONDITIONS

HELB LOCA

Temperature 
Zone (OF)

15(3) 

16 

17 

18 

19 

19a 

20 

20a 

21 

22 

23 

24 

25 

26 

27 

28

201 

201 

104 

120 

120 

80 

120 

120 

334 

275 

212 

212 

299 

212 

212 

252

Pressure 
(psia) 

14.8 

14.8 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

40.0 

45.0 

14.8 

14.8 

15.1 

14.8 

14.8 

31.5

Temperature 12 
(OF) 

127/128 

127/128 

127/128 

127/169 

120 

120 

120 

120 

295 

150/156 

133/133 

133/133 

150 

133/133 

133/133 

130/131

Pressure 
(psia) 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

63.0 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7 

14.7

1-Hour Dose 
(rads) 

2.6 x 10" 

1.6 x 10' 

1.5 x 10' 

1.2 x 10r 

<1.0 X 104 

<1.0 x 10' 

<1.0 x 10' 

<1.0 x 10' 

2.0 x 107 

1.5 x 10" 

<1.0 x 10' 

1.0 x 10, 

4.4 x 106 

1.1 x 105 

2.6 x 105 

9.6 x 104

30-Day Dose 
(rads) 

1.4 x 106 

5.8 x 10' 

5.8 x 10r 

2.0 x 106 

<1.0 x 10i 

<1.0 x 104 

<1.0 x 104 

<1.0 x 104 

1.0 x 106 

5.8 x 10" 

<1.0 x 104 

2.0 x 106 

3.5 x 107 

2.0 x 106 

1.3 x 106 

1.9 x 106

(Sheet 2of 5)

Rev. 4

I



DRESDEN - UFSAR

Table 3.11-2 (Continued) 

ENVIRONMENTAL ZONE PARAMETERS FOR POST-ACCIDENT CONDITIONS

HELB

Temperature 
Zone (OF) 

43 104

4414 

45 

46 

47

194 

.104 

120 

291

LOCA

Pressure 
(psia) 

14.7 

14.7 

14.7 

14.7 

16.0

Temperature12 (OF) 

118/117 

118/117 

115/115 

120 

120

Pressure 
(psia) 

14.7 

14.7 

14.7 

14.7 

14.7

1-Hour Dose 
(rads) 

<1.0 x 10' 

<1.0 x 104 

<1.0 x 10 

<1.0 x 10 4 

<1.0 X 104

30-Day Dose 
(rads) 

<1.0 x 104 

<1.0 x 104 

<1.0 X 104 

<1.0 x 104 

<1.0 X 104

Note Deleted 
For components in HPCI system, dose is <1.0 x 104 rads because HPCI operates following design basis events not associated with 

rapid depressurization and fuel failure.  
Zone 15 is a 5-foot zone around 18-inch line 1603-18".  
Zone 39 is a 5-foot zone around 18-inch line 7504-18".  
Values shown are based on worst case corner room conditions following a HPCI HELB. Analysis is for a HPCI HELB in the HPCI 

Room with concurrent LOOP. Value applies to Unit 2 only, Unit 3 is affected to a much lesser extent due to physical distance from 

the HPCI Room.  
NFS calculation RSA-D-92-07, Rev. 0 predicted a peak post LOCA temperature of 178.6°F in this room without room coolers.  

Values shown are based on worst case corner room conditions following a HPCI HELB. Analysis is for a HPCI HELB in the HPCI 

Room with concurrent LOOP. Value applies to Unit 3 only, Unit 2 is affected to a much lesser extent due to physical distance from 

the HPCI Room.

(Sheet 4 of 5)

Note: 
1.  
2.  

3.  
4.  
5.  

6.  
7.

I
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Table 3.11-2 (Continued) 

ENVIRONMENTAL ZONE PARAMETERS FOR POST-ACCIDENT CONDITIONS 

8. Temperature of the adjacent HPCI room of the other Unit will be 176 'F. A LOOP is considered concurrent with a HPCI line break 

in the HPCI room.  

9. The portion of the zone on the north side of the turbine building considers a post accident radiation source (2/3-7509-24" 

containment air pipe) and could see higher doses than other parts of Zone 31A.  

10. Note deleted.  
11. Section 9.4.3.1. reports design temperatures of 103'F in occupied areas, 120'F in cells and collector tank room and 150'F in the 

concentrator and concentrator tank waste cells.  

12. Where a single value is given, it applies to the LOCA unit; the non-LOCA unit remains at normal conditions. Where two values are 

given, it represents the data for LOCA unit followed by the data for non-LOCA unit.  

13. Equipment in this zone located below grade (505'-6") may be submerged as a result of a break in the Main Staem line or Feedwater 

line anywhere in this tunel. For existing installations, Section 3.6.1.1.4.3 states that no safety related equipment or wiring would 

be endangered by potential flooding.  

14. The portion of zone 44 that is north of Column H is a part of the Turbine Building and has the following conditions for both LOCA 

and HELB: 120'F and 14.7 psia.

(Sheet 5 of 5)
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Table 3.11-3 

RELATIVE HUMIDITY BY ENVIRONMENTAL ZONE 

Relative Humidity (%)

Zone 

103 

2 

3 

4 

5 

6 

7(1) 

8(31 

9 

9a 

10,2) 

117' 

12 12) 

13 (2) 

15 (2) 

16•21 

17(l) 

1811) 

19a 

20(1) 

20a'!

Normal 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

20-90 

40-70 

20-90 

20-90 

20-90

Spurious 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

5-100 

20-90 

5-100 

5-100 

5-100

(Sheet 1 of 3)

Accident 

100(C) 

100(C) 

WO0WC) 

100(C) 

100(C) 

100(C) 

100(NC) 

100(NC), 

100(NC) 

100(C) 

100(C) 

100(C) 

100(C) 

100(C) 

100(C) 

100(C) 

100(C) 

100(C) 

100(C) 

100(NC) 

100(NC) 

100(NC) 

90 

100(NC) 

100(NC) 

100(C)
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4.0 REACTOR 

This chapter includes the following sections: 

Section Description 

4.1 Summary description 

4.2 Fuel system design 

4.3 Nuclear design 

4.4 Thermal and hydraulic design 

4.5 Reactor materials 

4.6ý Functional design of reactivity control systems 

4.1 SUMMARY DESCRIPTION 

The equipment and evaluations presented in this chapter are applicable to either Unit 2 or Unit 3.  

Section 4.2 describes the design of fuel assemblies used in Dresden Units 2 and 3, which are supplied 

by Siemens Power Corporation (SPC). The use of gadolinia (GdO 3) as a burnable neutron absorber 

in the UO 2 fuel is also discussed.  

Section 4.3 presents a discussion of nuclear design and reactor stability, including discussions of 

reactivity coefficients and their contributions to stability.  

Section 4.4 presents a summary of the thermal and hydraulic design of the reactor core and the 

reactor coolant system (including a description of the power-flow map). The presentation stresses 

the safety limit minimum critical power ratio (MCPR), the operating limit MCPR, the maximum 

steady state linear heat generation rate (SLHGR), and the maximum Transient LHGR (TLHGR).  

The MCPR calculation methodology, the critical power correlations, and the associated uncertainties 

are discussed. In order to provide reference data for the Technical Specifications, the core thermal 

power limit at low-pressure/low-flow and the limiting safety system settings are discussed. The 

results of transient analyses show a high degree of effectiveness of the protection system in 

preventing the reactor from approaching conditions of safety concern.  

Steady operation can be at any power level which satisfies the following requirements: 

A. Local MCPR, SLHGR and TLHGR limits and maximum average planar linear heat 

generation rate (MAPLHGR) limits are satisfied, and 

B. Transient and accident analysis results have been shown to be valid for power levels up 

to the level in question.  

By establishing approved local thermal limits for the fuel, it is possible to permit power outputs up to 

the licensed power level whenever the power distribution is favorable.

4.1-1
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Table 4.1-1 

CORE AND FUEL DESIGN

Core 

Equivalent core diameter, in. 182.2 

Circumscribed core diameter, in. 189.7 

Core lattice pitch (control cell), in. 12.0 

Number of fuel assemblies in the core 724 

Fuel Assembly 

SPC 9x9 ATRIUM-9B 

Fuel rod array 9x9 9x9 

Fuel rod pitch, in. 0.572 0.569 

Channel material Zircaloy-4 Zircaloy-2 or 
Zircaloy-4 

Approximate UO weight per fuel assembly, lb. 418 427/423*** 

Approximate Fuel assembly weight, lb 564 552/547*** 

Number of fuel rods 79-80 72 

Number of water rods 1-2 0* 

Water/UO,2 , volume ratio (cold) 2.87 2.93 

Heat transfer surface area/fuel assembly, ft2  106.1 98.1 

Fuel Rod, Cold 

SPC 9x9 ATRIUM-9B 

Fuel pellet diameter, in. 0.357 0.374 

Cladding thickness, in. 0.030 0.026 

Cladding outside diameter, in. 0.424 0.433 

Active fuel length, in. 145.24 145.24/144.24*** 

Length of gas plenum, in. 9.578 9.578/10.578*** 

Fuel material U0 2  U02 

Cladding material Zircaloy-2* Zircaloy-2* 

Fill gas He He 

Fill gas pressure, atm 3 or 5 5 

* Some bundles contain cladding with a zirconium or enhanced zirconium liner.  
** ATRIUM-9B uses a water box or a water channel rather than water rods. This water box 

is centrally located and displaces a 3x3 array of fuel rods (9 total).  
* ATRIUM-9B lead use assemblies/ATRIUM-9B reload assemblies.  
**** Information presented is applicable to offset and non-offset unless otherwise noted.

(Sheet 1 of 2)
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To account for these four effects, the analytic model for fuel densification consists of four parts: 
power spike model, linear heat generation model, cladding creep collapse model, and stored energy 
model. These models can be used to conservatively evaluate the effects of fuel densification.  

The potential problems of channel bow in BWRs that could impact local peaking and reduce 
available minimum critical power ratio (MCPR) margin, as addressed in IE Bulletin 90-02, have 
been considered. Since IE Bulletin 90-02, analysis for reload fuel by Siemens Power Corporation 
(SPC) has included the effects of single bundle lifetime channel bow. SPC uses a generic 
methodology which statistically accounts for the effects of channel bow by an adjustment to the 
safety limit MCPR.  

EGC's current channel management strategy does not include the reuse of channels on new BWR 
fuel assemblies.  

SPC has developed emergency core cooling system (ECCS) analytic codes for evaluating the effects of 
loss-of-coolant accidents (LOCA) in accordance with 10 CFR 50, Appendix K, to assure that the peak 
cladding temperature (PCT) of the hottest fuel rod in the core will not exceed the NRC-imposed PCT 
limit of 2200'F under postulated accident conditions. See Section 6.3 for ECCS discussions and 
Section 15.6.5 for LOCA analysis.  

4.2.1.2 Control Rods 

Design information for control rods is contained in Section 4.6.  

4.2.1.3 Burnable Neutron Absorber 

The primary design requirement for the reactivity effect of the burnable neutron absorber (gadolinia) 
is that it produces an adequate shutdown margin. Thus, for design goal purposes, the calculated keff 
does not exceed the design target (see Section 4.3.2.1.3) with the control rod of maximum worth fully 
withdrawn and all others fully inserted, for a core temperature and an exposure chosen to maximize 
core reactivity.  

4.2.2 Description and Design Drawings 

4.2.2.1 Fuel Assemblies 

The SPC 8x8 and 9x9 fuel assemblies are shown in Figures 4.2-1 and 4.2-2, respectively. A typical 
core lattice unit is shown in Figures 4.2-3. For SPC 8x8 fuel, the assemblies have 63 fuel rods and 1 
water rod arranged in a square array. For SPC 9x9 fuel, the assemblies have 79 fuel rods and 2 
water rods in a square array. No 8 x 8 assemblies are used in the current core configuration.  

SPC ATRIUM-9B fuel was introduced into the Dresden Unit 2 and 3 reactor cores beginning with 
Unit 3 Cycle 15 and Unit 2 Cycle 16. The ATRIUM-9B fuel design, which is show in Figure 4.2-2a 
and Figure 4.2-3a, retains the proven design features of SPC's 9 x 9 fuel but replaces nine central 
fuel rod lattice positions with a square internal water channel. This internal water channel
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arrangement increases the retention of unvoided water at high axial levels while reducing the 
overall inventory of structural materials in the assembly relative to the conventional 9 x 9 water rod 
design. The ATRIUM-9B fuel assembly contains 72 fuel rods and the internal water channel in a 
square array. The assembly contains no water rods other than the internal water channel 

The ATRIUM-9B offset bundle design has the same rod and water channel design as the non offset 
assembly design. The differences between th3e offset and the non offset are in the lower tie plate, 
channel, and channel fastener design. The offset design incorporates a 40 mil offset lower tie plate 
design which moves the bundle 40 mils toward the control blade. Moving the bundle toward the 
control blade provides better fuel utilization. The offset design also utilizes an advanced fuel 
channel with an approximately three inch wide axial groove milled on all four sides. The reduction 
in the channef w-ii thickness causes less neutron absorption while the thick corners maintai&ý -r 
structural strength. In order to accommodate the proper fit of the offset design into the reactor core, 
the channel fastener was modified by reducing the stop thickness and lowering the fastener spring 
height.  

The individual fuel rods are spaced and supported by upper and lower tieplates. There are eight fuel 
rods threaded into the lower tieplate casting and attached to the upper tieplate

4.2-2a
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casting with locking nuts or latched into the tieplate. Compression springs at the top of each fuel rod 
(excluding tie rods) allow the fuel rods to expand axially by sliding within the holes in the upper 
tieplate to accommodate differential axial thermal expansion.  

For the SPC 9x9-2 fuel full-length fuel rods with 145.24 inches of active fuel length (cold) are used, 
except for a central rod of each assembly which has seven intermediate connectors which position the 
seven Zircaloy-4 fuel rod spacers vertically along the fuel rods. The intermediate connections are 
located on the water rod(s). For the SPC ATRIUM-9B fuel (offset and non-offset), full-length fuel 
rods with 144.24 inches of active fuel length (cold) are used. (Note: the ATRIUM-9B lead use 
assemblies have an active fuel length of 145.24 inches for the tie rods and 144.7 inches for the 
standard rods.) For all the ATRIUM-9B designs (offset and non-offset), there are seven fuel rod 
spacers that connect to the central water box.  

The fuel rods contain UO2 pellets manufactured by compacting and sintering UO2 powder into 
cylindrical pellets. The core-average density of the pellets is approximately 94% to 96% of 
theoretical density. Dished pellets are sometimes used in the highest power, highest exposure fuel 
rods. The dished pellet has a depression in the shape of the frustum of a cone or smooth curve. In 
addition some fuel pellet designs employ an outward land taper. This design feature tends to reduce 
the stress on the cladding during fuel pellet growth. In addition some fuel pellet designs employ an 
outward land taper. This design feature tends to reduce the stress on the cladding during fuel pellet 
growth.  

The pellets are enclosed in Zircaloy-2 tubes (cladding) which are evacuated, then filled with helium 
to a pressure of 3 atm or 5 atm (depending on fuel type), and sealed by welding Zircaloy plugs in 
each end. The fuel rod cladding thickness is adequate to satisfy the requirement that the cladding 
be "free standing," i.e., capable of withstanding external reactor pressure without collapsing onto the 
pellets. Although most fission products are retained within the UO even at high heat fluxes that 
would cause center melting, a fraction of the gaseous products are released from the pellet and 
accumulate in a plenum at the top of the fuel rod. Sufficient plenum volume is provided to prevent 
excessive internal pressure from these fission gases or other gases liberated over the design life of 
the fuel.  

SPC 9x9 liner fuel is also used. The only design change that liner fuel represents relative to 
standard 9 x 9 fuel is the addition of a thin (3.7 mil) zirconium liner to the inside of the fuel cladding.  
ATRIUM-9B designs and some 9x9 fuel uses a zirconium allog instead of pure zirconium as cladding 
liner material. Adding a small amount of elemental iron to the zirconium liner reduces the potential 
for fault propagation along the length of the fuel rod following small cladding perforations and water 
intrusion into the fuel rod. The liner reduces the possibility of fuel failures due to pellet-cladding 
interaction (PCI) by providing a more compliant interface material between the fuel pellet and the 
Zircaloy cladding. The liner also provides increased protection from PCI by reducing chemical 
interaction between fission products and Zircaloy cladding. Additional protection from potential 
cracking resulting from high stress during transient conditions is also provided.  

Addition of the liner has a negligible effect on the fuel rod neutronic and thermal performance. SPC 
has performed analyses to assess the thermal and mechanical performance of barrier-clad fuel under 
steady-state, transient, and accident conditions, and has concluded that all applicable licensing 
bases are satisfied.  

Zircaloy 2 or Zircaloy-4 channel encloses the fuel bundle and performs the following functions: 

A. It provides a barrier to separate the two parallel flow paths: one to cool the fuel bundle 
and the other to suppress steam voids in the bypass region between channels; 

B. It guides the control rods; and
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An orifice, mounted in the fuel support casting upon which the fuel assembly rests, establishes the 
relative flow per channel.  

Proper orientation of fuel assemblies in the reactor core is readily verified by visual observation and 
is assured by procedural requirements during core loading verification. There are several ways of 
confirming proper fuel assembly orientation: 

A. All assembly serial numbers are readable from the center of the cell; 

B. The channel fastener spring-clip assemblies are located adjacent to the center of the 
control rod; 

"C. The protrusions (lugs) on the assembly handles all point toward theadjacent control rod; 

D. There is cell-to-cell symmetry; and 

E. All channel spacing buttons are adjacent to the control rod blades.  

4.2.2.2 Control Rods 

Description and drawings of the control rods are contained in Section 4.6.  

4.2.2.3 Burnable Neutron Absorber 

4.2.2.3.1 Description of Design 

The burnable neutron absorber, in the form of gadolinia (Gd20 3) may be present in all reload fuel 
assemblies.  

The gadolinia is mixed uniformly with U0 2 in the fuel pellets in selected lengths of a few rods in the 
fuel assemblies. This burnable absorber is initially in a highly self-shielded configuration, leading to 
a near linear rate of change of control effect during the cycle.  

4.2.2.3.2 Nuclear Analysis 

The microscopic burnup in a gadolinia rod is calculated using the MICBURN-31" computer code.  
MICBURN-3 generates effective cross sections as a function of the gadolinia number density. The 
computer code CASMO-3G is used to collect this nuclear data and create a CASMO-3G data library.  

The lattice calculations including the effect of the gadolinia on power peaking and reactivity are 
performed with CASMO-3G1"1 . CASMO-3G is a multigroup two-dimensional transport theory code.  
CASMO-3G generates lattice number densities and macroscopic two-group cross sections for the core 
simulator code.
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Any tendency toward slower removal rates would affect only cycle length and would be an economic 
problem unrelated to safety.  

In the event that burnable absorber removal occurs faster than expected, but within a reasonable 
uncertainty band based on past experience, the shutdown margin would continue to be acceptable 
throughout the cycle. Only if the rate of removal were more than 30% greater than expected could 
there be potentially an unacceptably small shutdown margin. A deviation of this magnitude would 
become evident during power operation, as substantial increments of control rod insertion would be 
required to maintain constant power output. In this highly improbable scenario, remedial action can 
be taken by shutting down the reactor and rearranging the fuel loading to place fuel assemblies with 
the highest absorber content in the regions of highest control rod worth.  

Experience at Dresden and other BWRs with gadolinia-containing fuel confirms that gadolinia 
concentrations can be specified to satisfy specific shutdown margin requirements. Accuracy of the 
predicted behavior of the gadolinia control effect with exposure has been demonstrated.  

4.2.2.3.3 Material Properties 

In pellets containing gadolinia, the GdO 3 is uniformly distributed in the UO2 and forms a solid 
solution. During the initial fuel cycle, the presence of the high cross-section Gd isotopes and the 
position of the Gd20O-containing fuel rods within the fuel assembly result in a relatively low heat 
generation in the fuel rods containing Gd2O,. At the start of irradiation, fuel rods which contain 
gadolinia produce relatively little power; however, as the gadolinia is depleted, the power in these 
rods increases relative to the lattice average. In later cycles, the power of the Gd20,-containing fuel 
rods decreases as the fissile material is depleted.  

The addition of small amounts of Gd 20 3 to U0 2 affects both the thermal conductivity and melting 
temperature of the solid solution. Below 18000C the conductivity is reduced relative to that of pure 
UO2, but above 1800'C there is essentially no effect. At no temperature is the conductivity of the 
solid solution less than the minimum conductivity of pure U0 2 . The melting temperature of the solid 
solution is also below that of pure U02 . However, the combined effect of these changes is not large 
enough to cause melting in gadolinia-containing fuel rods at any core power output that does not 
cause melting in the highest powered pure U0 2 rods.  

During postulated severe transients such as a control rod drop, there would be no melting of the 
Gd 20 -UO2 solid solution at exposures low enough for the gadolinia to have any appreciable reduction 
in control effect. This phenomenon is a result of the very low relative power of the gadolinia-bearing 
rods. Because the severe transients are rapid and of short duration and because the fuel rods 
containing the control material do not sustain melting, changes in the control worth of the gadolinia 
due to migration inside the pellet would not occur. The performance of gadolinia-containing fuel in 
transients and excursions is also addressed in Section 4.2.3.3.3.
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The axial and radial power peaking factors are determined primarily by the control rod pattern. The 
gadolinia distribution in the core is such that the effect on gross peaking is minor and is probably 
negligible at the end of cycle when maximum peaking is expected to occur.  

The typical maximum local peaking in the limiting fuel assembly as a function of exposure is given 
in Table 4.2-1.r2] 

In design, a conservative estimate of Gd 20 3-UO2 melting temperature based on available data is 
used. The melting temperature used is 4796°F for the maximum Gd20 3 concentration employed in 
SPC fuel. The melting temperature is assumed to reduce at a rate of approximately 32°C/(10,000 
MWddMT) as with pure UO2, since the effect of fission fragment buildup should be essentially 
unaffected by the addition of small amounts of Gd 20.  

The heat fluxes required to cause incipient fuel melting and fuel damage for gadolinia-bearing fuel 
rods are determined based on a conservative estimate of Gd 20 3-UO2 melting temperature for the 
maximum concentration of Gd20 3 to be employed. The values obtained indicate that the peak heat 
flux for the gadolinia-bearing fuel is substantially lower than either the incipient fuel melting limit 
or the overstrain fuel damage limit (i.e., the heat flux required to cause 1% plastic strain of the 
cladding) at any time during life. The effect of melting temperature reduction with burnup is offset 
by the increasing centerline flux depression (tending to reduce centerline temperature) due to 
plutonium buildup on the pellet periphery.  

Note that a conservative estimate of Gd20 3-UO2 melting temperature is used to make the above 
determinations. A limited amount of data obtained under strictly controlled and measured 
conditions indicates that the assumed reduction in fuel melting temperature due to Gd 2O0 may be 
overly conservative.  

4.2.2.3.4 Operating Experience 

Prior to the adoption of gadolinia in the fuel, BWRs including Dresden Units 2 and 3 used temporary 
control curtains located in the water gaps between fuel channels to provide burnable neutron 
absorbers.  

Since 1965, gadolinia-containing fuel has been used in BWRs. The substantial operating experience 
is documented in Quad Cities FSAR Amendment 9131 and in NEDE-2434-P.1 

4.2.2.3.5 Expected Performance 

Temperature coefficients are virtually unaffected relative to nongadolinia cores with temporary 
control curtains (Note that the initial core loading for both Dresden units contained control 
curtains). The gadolinia-bearing pellets act as thermally gray or black absorbers. The effect of 
gadolinia on moderator coefficients in the lattice is indistinguishable from that of the control 
curtains. Doppler response is unaffected because the gadolinia has essentially no effet on the 
resonance troup flux or on the U-238 content of the core.
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The irradiation products of the gadolinia depletion process are other gadolinium isotopes having 

lower cross-sections (see Section 4.2.3.3.3). Thus, the reactivity control effect is caused to diminish 

on a predetermined schedule without changes in the chemical composition of the fuel or the physical 
makeup of the core.  

The maximum fuel temperatures for Gd,O3-UO, fuel rods are less than the corresponding 

temperatures of the peak-power standard UO, fuel rod at any time during life.  

The shift in thermal neutron spectrum as a result of coolant boiling is normal in a BWR. Addition of 

steam voids to the moderator produces a loss in reactivity not only as a result of spectrum and cross

section changes but also as a result of increases in the migration area leading to higher leakage and 

greater effectiveness of control materials. In order to develop specifications for BWR fuel, it is 

necessary to account for spectrum changes associatedcvith moderator void fractions rangihg from ' 

zero to those as large as, or larger than, what would be expected to exist at the exit of the highest 

powered assembly. The analysis methods account for the thermal neutron absorption characteristics 

of the gadolinia-bearing rods as a function of space and neutron energy over the entire range of 
moderator void fractions.  

Examination of the analyses leads to the following conclusions: 

A. The effect of spectrum changes caused by moderator density variation is essentially the 

same in the case of gadolinia absorber as it is in the case of curtain absorber; and 

B. The absence of any sharp change in the gradient of the moderator void coefficient curve 

for the gadolinia design indicates that there are no steady-state or transient moderator 
void conditions at which unusual reactivity responses would occur.  

4.2.3 Design Evaluation 

SPC fuel deisgns are evaluated against the generic mechanical design criteria listed in Reference 9.  

The evaluations summarized in this section are described in detail in References 8, 9, 10 and 12.  

4.2.3.1 Fuel Assemblies 

The deailed mechanical design evaluations which are summarized in this section are reported in 

Reference 10 for 9 x 9 fuel, in Reference 8 for ATRIUM-9B fuel and in reference 12 for ATRIUM-9B 
offset fuel.  

4.2.3.1.1 Mechanical Design Limits 

The strength theory, terminology, and stress categories presented in the ASME Section III, 1965 

Edition are used as a guide in the mechanical design and stress analysis of the reactor fuel rods.  
The mechanical design is based on the maximum shear stress theory for combined stresses. The 

equivalent stress intensities used are defined as the difference between the most positive and the 

least positive principal stresses in a triaxial field. Thus, stress intensities are directly comparable to 

strength values obtained from tensile tests. Table 4.2-2 presents a summary of the stress intensity 

limits that are applied for Zircaloy-2 cladding.
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4.2.3.1.2 Operating Limit Linear Heat Generation Rate 

The maximum steady state linear heat generation rate (SLHGR) for normal operation (discussed in 

Section 4.4.1.3.1.3) is 16.0 kW/ft for SPC 8x8 fuel, 14.5 kW/ft for SPC 9x9 fuel, and 14.4 kW/ft for 

SPC ATRIUM-9B fuel designs, at the beginning of bundle life, and decreases with exposure.  
Detailed SLHGR curves are specified in the Core Operating Limits Report. The Transient LHGT 

(discussed in Section 4.4.1.3.1.3) for anticipated operational occurrences is 19.2 for 9x9-2 and 19.4 
kW/ft for SPC ATRIUM-9B designs (offset and non-offset) at the beginning of bundle life, and 

decreases with exposure. The TLHGR limit for the ATRIUM-9B lead use assemblies is 18.5 kV/ft at 
the beginning of bundle life, and decreases with exposure. Detailed TLHGR limit curves are 
provided in the Core Operating Limits Report.  

4.2.3.1.3,"- F-uel Desian Analysis 

Design analyses show that the lower stress intensity limits given in Table 4.2-2 are not exceeded at 
continuous operation with LHGRs up to the operating limit, nor are they exceeded for transient 
operation up to the condition of incipient center melting of UO. Stresses due to external pressure, 
internal pressure, bending effects at end plugs, and thermal stresses are considered. Tensile 
properties used in stress analyses are based on minimum specified properties for unirradiated BWR 
cladding at the applicable temperature.  

Fuel rod internal pressure is due to the helium which is backfilled at a pressure of (3 atm or 5 atm) 
during rod fabrication, volatile content of the U0 2, and the fraction of gaseous fission products which 
are released from the U0 2 . A quantity of 1.35 x 10.' gram moles is representative of the fission gas 
produced per MWd of power production. In fuel rod pressure and stress calculations, the following 
basis is used: the percentage of fission gas produced that is released from any UO2 volume is a 
function of local power, temperature, time and burnup.  

Adequate free volume is provided in the fuel pellets and between the pellets and cladding to prevent 
overstraining of the cladding due to UO2 swelling from long-term irradiation. Dish volume and 
pellet-to-cladding gap are specified such that the thermal expansion and irradiation swelling are 
accommodated while satisfying all design criteria. The irradiation swelling model used by SPC is 
presented in Supplements 1 and 2 of XN-NF-81-58(P)(A) and supplements 1 and 2.'5' The criteria for 
fuel desification and swelling is discussed in ANF-89-98(P)(A)"'9 .  

Flow-induced fuel rod vibrations depend primarily on flow velocity and fuel rod geometry. The 
maximum vibrational amplitude occurs midway between spacers due to the constraint of the spacer 
contact points. Stresses due to flow-induced vibrations for SPC fuel are calculated using the 
Paidoussi analysis. The results of these calculations are numerically combined with other primary 
plus secondary stresses to verify conformance with the stress limit. In the worse condition (end of 
life, hot) the SPC 8x8 and 9x9 fuels exhibit only 39% and 46%, respectively, of the stress limit. The 
SPC ATRIUM-9B fuel design exhibit only 67% of the stress limit'8 '.  

The fatigue life analysis is based on the estimated number of temperature, pressure, and power 
cycles. Analyses for both SPC 8x8 and SPC 9x9 fuel types show that well below 67% of the cyclic 
failure limit is consumed. The criteria (0.67 usage fatigue factor) for fatigue is discussed in ANF-89
98(P)(A)'91. This criteria is confirmed to be met by the ATRIUM-9B fuel in ANF-89-014(P)(A)'8 '.
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The operating limit TLHGR provides a substantial operating margin to prevent approach to 
conditions resulting in incipient center melting.  

It is recognized that when enrichment variation between rods in a fuel assembly is employed to 
reduce local power peaking due to core water gaps, it is important to eliminate possible errors in the 
manufacture and installation of the assembly to assure that the various enrichments are in the 
specified locations relative to the water gaps. In addition, cycle-specific analyses are performed to 
determine the impact of a misloaded fuel assembly on thermal margin. Fuel loading error analyses 
are discussed in Section 4.2.3.3.4.  

Fuel element design and manufacturing procedures have been developed to prevent errors in 
enrichment location within the fuel assembly. This includes the unique marking of fuel rods so that 
fueltype and enrichment can be traced during the fabrication of fuel assemblies: 

4.2.3.1.4 Fuel Damage Limit 

4.2.3.1.4.1 Relationship Between Operating Limit and Fuel Damage 

The transient LHGRs (TLHGR) for various fuel types are specified in the Core Operating Limits 
Report. For SPC 9x9-2 fuel at OMWd.MT, the TLHGR is 19.2 kW/ft. For SPC ATRIUM-9B fuel 
designs at 0 MWd/MT the TLHGT is 19.4 kW/ft. The TLHGR limits decrease with exposure. (Note 
that for the ATRIUM-9B Lead Use Assemblies in Unit 2, the TLHGR is limited to 18.5 kW/ft at 
OMWd/Mt and decreases with exposure.) 

4.2.3.1.4.2 Exnerimental Basis for Operating Limit and Fuel Damage Limit 

The fuel operating limit and the fuel damage limit are established based on operating experience and 
experimental tests covering the complete range of design power and exposure levels. This experience 
is used in establishing design features and in analyzing performance characteristics.  

A number of Zircaloy-clad fuel rods with 0.56-inch diameter, 0.030-inch thickness cladding have been 
operated in the Vallecitos BWR to exposures in excess of 8,000 MWd/t at an LHGR greater than 18.5 
kW/ft. A large number of other fuel rods of smaller diameter have been operated in the Vallecitos 
BWR at lower LHGRs but to higher heat fluxes and exposures.  

Dresden Unit 1 provides the largest body of operating experience on Zircaloy-clad fuel. Maximum 
Dresden-type assembly average exposures have reached 17,000 MWd/t with peak fuel rod segments 
having attained 27,000 MWd/t. Special irradiations in Dresden Unit 1 with peak segment exposures 
of 31,000 MWd/t have been attained at a peak LHGR of 10 kW/ft. The Dresden Unit 1 Type III fuel 
provides experience with the through-rod-and-spring-spacer design. Type III assembly average 
exposures up to 12,000 MWd/t, with a peak local exposure of 16,000 MWd/t and a peak LGHR of 15 
kW/ft have been attained.
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Data for determining the fuel damage limit of 1% plastic strain have been obtained in tensile tests of 

cladding irradiated in the Vallecitos BWR (see GEAP 4597161), in Dresden Unit 1 (Type I fuel), and in 

the General Electric Test Reactor. To better determine the effects of exposure at high power 

generation, several capsules containing Zircaloy-clad fuel specimens have been irradiated in the 

General Electric Test Reactor to exposures as high as 40,000 MWd/t and peak LGHRs up to 24 

kW/ft.  

The GE fuel rod tests applicable to the design of the core, including 18.5 kW/ft, 21 to 22 kW/ft, and 

28 kW/ft tests, have verified that the calculational methods adequately predict the cladding strain 

associated with a particular LHGR. In addition to tests performed by GE, tests in the range of 12 to 

24 kW/ft have been performed by others.  

These programs, combined with extensive BWR operating experience, have demonstrated that fuel 

integrity can be maintained in the core.  

4.2.3.1.5 Experimental Data on Cladding Fragmentation After LOCA (Historical Information) 

The results of experimental simulations of the environment of Zircaloy-clad UO2 core fuel rods 

following a loss-of-coolant accident performed at Argonne National Laboratory (ANL) have been 

published in ANL-7438.171 It was shown that if Zircaloy-clad rods were heated to near the melting 

point under conditions of unlimited oxidation and then quenched, gross fragmentation would occur.  

With significant oxidation of the Zircaloy, oxygen diffuses into the unreached portion of the metal 

causing it to lose ductility at the lower temperatures. Upon quenching, thermal stresses are 

induced; when sufficient lowering of the temperature occurs, brittle failure of the cladding takes 

place.  

Although there are other metallurgical considerations, there is general agreement that the degree of 

oxidation appears to be the predominant factor governing fragmentation after quenching. The 

combination of variables (temperature, time, and the presence of oxidant) which determine the 

degree of oxidation determine when fragmentation occurs. Hence, by comparing the peak degree of 

oxidation calculated to occur in the reactor to the degree of oxidation which causes fragmentation, 

some measure of the margin to fragmentation can be obtained. A thorough analysis of these 

experimental tests has been completed with the following conclusions: 

A. Zircaloy fuel rod cladding failure did not occur for any rod with less than 5 mils (i.e., 

approximately 17%) reaction of the cladding; 

B. Zircaloy fuel rod cladding fragmentation did not occur for any rod with less than 

approximately 7.5 mils (i.e., 24%) reaction of the cladding; and 

C. Zircaloy fuel rod cladding failure did not occur for any rod with peak cladding temperatures 

below 1600CC (2910°F).  

In comparing these results to their counterparts in the reactor, it is first noted that when comparing 

peak temperatures alone, although an oversimplification, the reactor temperatures for the large 

break are 900°F less than those for which
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4.2.3.3.3 Transients and Excursions 

Results of transients and excursions remain unchanged with the replacement of absorber curtains by 
the gadolinia burnable absorber. Of primary importance in the rapid excursions is the presence of a 
strong Doppler effect to compensate for the excess reactivity input. For slower transients, the 
moderator void coefficient assumes a major role. None of the reactivity coefficients associated with 
the fuel lattice are materially affected by the change in control augmentation method from absorber 
curtains to gadolinia absorber.  

Gadolinia is held in solid solution by the UO. The initially chemically uniform gadolinia-bearing 
pellets remain so at all exposures, because neutron absorption in Gd-155 and Gd-157 produces stable 
isotopes Gd-156 and Gd-158, respectively. Initially, the gadolinia is highly self-shielded. During 
irradiation, the isotopic distribution varies radially in the pellet, nearly as a step function with an 
essentially zero concentration of Gd-155 and Gd-157 outside a certain radius and a natural 
percentage of these isotopes inside that radius. Because no chemical concentration gradients exist in 
the pellet, net migration of gadolinia in normal temperature gradients has not been detected in any 
of the postirradiation examinations to date. Either the migration does not occur, or it is limited to 
amounts below the detection threshold. Any dispersal of the solid solution into the moderator caused 
by an excursion would only reduce the self-shielding, causing an increase in the local neutron 
absorption and producing a loss in reactivity. There seems to be no mechanism which could cause 
the control effectiveness of the gadolinia to vary in such a way as to compromise safety.  

4.2.3.3.4 Absorber Omission and Fuel Loading Errors 

The safety effect of the omission of gadolinia during fuel fabrication and the consequences of fuel 
assembly misorientation or mislocation during fuel loading are considered.  

Quality contol procedures assure production of fuel in conformance with design. For initial cores, 
even if gadolinia were omitted from all fuel assemblies, no safety problem would result. The fuel 
storage facilities were designed for fuel reactivity in excess of that which would exist in the initial 
fuel designs with gadolinia omitted. For the SPC 9x9-2 and ATRIUM-9B fuel assemblies, residual 
gadolinia is credited in the fuel storage criticality analyses. Extensive experience with the use of 
gadolinia has justified the confidence in crediting the presence of the gadolinia. This confidence is 
based upon precise quality control measures which are utilized during the manufacture of gadolinia 
bearing UO2 pellets and during the assembly of these fuel pellets into fuel rods. Fuel fabrication 
procedures also assure accurate placement of gadolinia bearing fuel rods.
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4.2.4 Testing and Inspection Plan 

4.2.4.1 Fuel Assemblies 

Rigid quality control requirements are enforced at every stage of fuel manufacturing to ensure that 
design specifications are met. Written manufacturing procedures and quality control plans define 
the steps in the manufacturing process. Fuel cladding is subjected to 100% dimensional inspection 
and ultrasonic inspection to reveal any defects in the cladding wall. Destructive tests are performed 
on representative samples from each lot of tubing, including chemical analysis and tensile, bond, and 
burst tests. A representative sample of tubes are subjected to a corrosion resistance test. The 
integrity of end plug welds is assured by the standardization of weld processes based on radiographic 
and metallographic inspection of welds, and by the helium leak test of completed fuel rods. The U0 2 

powder characteristics and the densities, composition, and surface finish of the pellets are controlled 
by regular sampling inspections. The UO2 weights are recorded at various stages of manufacturing.  
Dimensional measurements and visual inspections of critical areas such as fuel rod-to-rod clearances 
are performed after assembly. After arrival at the reactor site a receipt inspection is performed.  

Flow tests were conducted using prototype reactor hardware in which the single-phase and two
phase flow characteristics were determined for core and vessel internal components which contribute 
to the core pressure drop. Fuel assembly handling tests were done to verify structural integrity.  
Mechanical tests and corrosion tests of the Zircaloy spacers were performed to identify design and 
specification requirements. Critical heat flux tests were performed using prototype multi-rod 
configurations, minimum allowable coolant clearance gaps, and prototype Zircaloy spacers.  

4.2.4.2 Control Rods 

Testing and inspection for control rods are described in Section 4.6.  

4.2.4.3 Burnable Neutron Absorber Bearing Rods 

The same rigid quality control requirements observed for standard UO2 fuel are employed in the 
manufacture of Gd203-UO2 fuel. Gadolinia-bearing UO2 fuel pellets of a given enrichment and 
gadolinia concentration are maintained in separate groups throughout the manufacturing process.  

Fuel rods are individually numbered prior to the loading of fuel pellets. This is done to: 

A. Identify which pellet group is to be loaded in each fuel rod; 

B. Identify which position in the fuel assembly each fuel rod is to be loaded; and
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C. Facilitate total fuel material accountability for a given project.  

The following quality control inspections are made: 

A. Gadolinia concentration in the Gd2O3-UO2 powder blend is verified; 

B. Sintered pellet Gd2O,-UO2 solid-solution homogeneity across a fuel pellet is verified by 
examination of metallographic specimens; 

C. Gadolinia-U0 2 fuel rod loading is verified.  

Finally, an inspection is made of all assemblies and rods of a given project to assure overall 
accountability of fuel quantity and placement forthe'project. .
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Table 4.2-2 

FUEL CLADDING STRESS INTENSITY LIMITS 
(SPC FUEL) 

Stress Intensity Limits in Terms of: 

Ultimate Tensile 
Yield Strength Strength (S,,) 

Categories (S,) 

General Primary Membrane 2/3 S, 1/3 S, 
Stress Intensity 

Local Primary Membrane S, 1/2 S.  
Stress Intensity 

Primary Membrane Plus S, 1/2 Sý 
Bending Stress Intensity 

Primary Plus Secondary Stress 2 Sy 1.0 S, 
Intensity 

* Reference 9 states that the General Primary Membrane Stress Intensity limit is 1/3 Su for 

the ATRIUM-9B fuel design. Reference 10 indicates that the General Primary Membrane 
Stress Intensity limit is 1/2 S. for the 9X9-2 fuel.
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The Doppler and void coefficients are collectively termed the power coefficient.  

4.3.2.2.2 Doppler Coefficient 

In U0 2 fuel, the Doppler coefficient provides an inherent mechanism for terminating nuclear 
transients. It provides instantaneous negative reactivity feedback to any fuel temperature rise, 
either gross or local. The magnitude of the Doppler coefficient is inherent in the fuel design and does 
not vary significantly among light-water-moderated UO2 fuel designs.  

The effectiveness of the Doppler coefficient in terminating rapid reactivity transients can be seen in 
the analyses of the cold water insertion incidents-tin Sections 15.1.1 and 15.5.1 and the CRD~in 
Section 15.4.10.  

Figure 4.3-1 shows the Doppler coefficient (calculated by GE) as a function of fuel temperature and 
steam voids for unirradiated fuel. The beginning-of-life or zero-exposure Doppler coefficients are 
used in analyzing all accidents; although, in fact, contributions from plutonium, particularly Pu-240, 
will increase the magnitude of the Doppler coefficient by 10 to 15% at the end of the first cycle (see 
Figure 4.3-2).  

Siemens Power Corporation calculates the Doppler reactivity defect (the integrated Doppler 
reactivity coefficient) on a per assembly basis. For typical SPC 9x9-2 ATRIUM-9B fuel, the Doppler 

reactivity defect is -0.0030 to 0.0065 AkJk0 for hot standby (546'F) to 0% void hot operating 
conditions.  

Figure 4.3-3 illustrates the Doppler reactivity defect existing in the core under normal steady-state 
operating conditions up to 110% of rated power, as analyzed by GE. The analysis includes the effects 
of steam voids characteristic of normal operation.  

Figure 4.3-4 shows the total Doppler reactivity defect available for any maximum fuel temperature 
during a transient. Doppler defects are shown for adiabatic fuel heating transients starting from 
cold, hot standby, and rated-power fuel temperatures. Fuel temperatures on the abscissa represent 
effective average fuel temperatures in the core. This figure shows that substantially more Doppler 
reactivity defect is available than is required to terminate an excursion caused by removal of any 
single control rod from a normal pattern.  

Uncertainties in the design calculations of Doppler effects in BWRs have been assessed. The GE 
analyses are compared with the analyses of Pettus"3' and Hellstrand"4' which represent carefully 
performed work applicable to UO2-fueled BWRs. The equations involved are summarized below:
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The criteria for the above four types of stability are stated in terms of two compatible parameters.  
First, the decay ratio x2 /x0 is defined as the ratio of the magnitudes of the second overshoot to the 
first overshoot resulting from a step perturbation. This parameter is associated with a graphic 
representation of the physical responsiveness of the system and is readily evaluated in a time 
domain analysis. Second, the damping coefficient 6, is defined as corresponding to the pair of poles 
closest to the jo-axis in the s-plane for the system closed-loop transfer function. This parameter is 
applicable to the frequency domain interpretation and is directly related to the decay ratio. The 
relationship between the decay ratio and the damping coefficient is illustrated in Figure 4.3-8.  

4.3.2.3.2.2 Reactor Core and Channel Hydrodynamic Stability Model Description 
(Historical) 

The mathematical model representing the core examines the linearized reactivity response of a 
reactor system with density-dependent reactivity feedback due to boiling. In addition, the 
hydrodynamics of various hydraulically coupled reactor channels or regions are examined 
separately, on an axially multinoded basis, by grouping various channels which are 
thermodynamically and/or hydraulically similar. This interchannel hydrodynamic interaction or 
coupling exists through pressure variations in the inlet plenum, such as those caused by 
disturbances in the flow distribution between the various regions or channels. This approach 
provides a reasonably accurate three-dimensional representation of reactor hydrodynamics.  

The model, which is shown in block diagram form in Figure 4.3-9, solves the dynamic equations 
which represent the reactor core in the frequency domain. From the solution of these dynamic 
equations, the reactivity and individual channel hydrodynamic stability of the BWR is determined 
for a given reactor flowrate, power distribution, and total power. The result provides the basic 
understanding of the inherent core behavior (and hence, the system behavior), and is the principal 
consideration in evaluating the stable performance of the reactor. As pertinent experimental or 
reactor operating data are obtained, improvements are made to the model.  

The values of parameters, such as channel flow, inlet orifice coefficient, inlet velocity, subcooling, 
and other channel characteristics which are used in channel stability analyses, are established by a 
steady-state multichannel thermodynamic analysis code.  

The multichannel analysis code is run at the conditions of total power and total recirculation flow 
chosen for the stability analysis of the individual channel; these conditions, together with the 
physical characteristics of the channel type, establish the important parameters necessary to analyze 
the channel in the stability analysis code.  

The validity of the core stability model is demonstrated by comparing the calculated damping 
coefficients to the measured results from 14 control rod oscillator tests performed at large operating 
BWR units by GE. Figure 4.3-10 shows the correlated most probable values based on a least
squares determination and the line below which there was 97.5% confidence that the actual values 
would fall.
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The results showed the analytical method to be a useful design tool for BWR core evaluation. Neal 
and Zivi"6' further confirmed the effective application of essentially the same model to channel and 
core analyses (identified therein as STABLE-3).  

4.3.2.3.2.2.1 SPC Stability Model (Historical) 

For a time domain analysis, SPC defines the degree of reactor core stability by the decay ratio, i.e., 
the magnitude ratio x/xo of successive transient maxima or minima. The decay ratio is determined 
from the core average power response to a rapid perturbation in system pressure or control rod 
position. When the decay ratio is less than 1.0, the reactor core is stable.'7 • 

The reactor core stability analysis methodology utilizes the COTRAN"'8 computer code which is a two
dimensional (r-z) computer code which solves the space- and time-dependent, one-energy-group 
neutron diffusion equation. The one-group cross sections used in the iterative flux solution are 
determined from input two-group values and modified at each time step for thermal hydraulic 
feedback. The two-group input cross sections for COTRAN are obtained from MICROBURN-B 71core 
simulator model calculations which are performed along the rated power-flow line and the power
flow line corresponding to natural circulation to obtain the appropriate COTRAN input at the 
limiting end-of-cycle operating conditions.  

The COTRAN model utilized for reactor core stability analysis simulates the core average fuel 
design. The hydraulic flow channel is modeled with spatial detail of the neutronic calculation and 
extends from the inlet orifice to the upper tieplate. The modeling methodology is consistent with 
that utilized from the reactor core stability verification with integral plant data from Peach Bottom 
Unit 2 and Dresden Unit 2.  

In COTRAN, the core is decoupled from interactions of the core vessel with recirculation loops, jet 
pumps, dome pressures, piping, etc. Core decay ratios calculated with COTRAN are conservative 
estimates of the overall reactor system responses to power oscillations and other destabilizing 
perturbations.  

Many of the neutronic and thermal-hydraulic parameters used for stability calculations vary in 
value depending upon assembly design and burnup. A sensitivity study"' was performed with 
COTRAN to determine what influence these parameters have on the calculated decay ratio.  
Variations in values of these parameters in the sensitivity calculations were chosen to be within the 
range of values used in typical core design analysis. For the sensitivity calculations, Dresden Unit 2 
was modeled and the sensitivity parameters were varied about nominally calculated values. The 
parameters included core power, core flow, assembly hydraulic loss coefficients, void reactivity, and 
delayed neutron fraction. A change in any single parameter affects other core variables. The 
COTRAN stability model determined these changes and calculated a decay ratio based on a system 
response which was caused by the single-variable perturbation.  

SPC has used this methodology to compare the COTRAN-calculated core decay ratios to available 
BWR stability test data. The analysis shows that the COTRAN-calculated core decay ratios are in 
agreement with the reported data and are conservative at core conditions which result in high decay 
ratios. Extrapolation
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of a least-squares-fit of the data indicated that, for conditions which would result in COTRAN
calculated core decay ratio of 1.1, the core decay ratio derived from measurements would be expected 
to be 0.74. Statistical analysis of the differences between core decay ratios calculated with COTRAN 
and reported core decay ratios indicated that a COTRAN-calculated core decay ratio of 0.9 would 
provide 95% probability that the core decay ratio is less than 1.0 with 95% confidence, allowing for 
uncertainties in the extension beyond the data.  

4.3.2.3.2.3 Total System Analytical Stability Model Description (Historical) 

The total system model considers the entire reactor system(including the neutronic, heat transfer, 
and hydraulic aspects) as well as associated control systems (such as the flow controller, pressure 
regulator, feedwater controller, etc). Although the control systems may be stable when analyzed 
individually, final control system settings must be made in conjunction with the operating reactor so 
that the entire system is stable. The model yields results which are essentially equivalent to those 
achieved with the core model. It allows the addition of controllers which have adjustable features for 
attaining desired performance within the inherent capabilities of the channel and core behavior.  

The model incorporates the dynamic equations which represent the BWR system in the time domain.  
The variables such as steam flow, pressure, etc., are represented as a function of time. The model is 
shown in block diagram form in Figure 4.3-11. Many of the blocks are extensive systems in 
themselves. The recirculation flow model is shown in greater detail in Figure 4.3-12. The model is 
constantly being improved as pertinent new experimental or reactor operating data are obtained.  

The major control systems considered in the reactor total system model are the flow controller, the 
pressure regulator or controller, and the feedwater or level controller. The variables of these control 
systems that are important for total system stability are the control settings of gains and time 
constants. In the pressure regulators, the important variables are the pressure regulation or gain 
setting and the dynamic time constant adjustments. In the feedwater or level controllers, the 
important variables are the gain settings for level, steam flow, and feedwater flow. In the flow 
controller system, the important variables are the proportional, reset, and rate gain settings of the 
master flow controller and the individual loop speed controllers.  

The control settings are adjusted to values (determined by parametric analyses conducted with the 
total system model) which result in stable and operationally desirable system performance. The 
control systems must be stable when analyzed individually and the final control system settings 
must be made in conjunction with the characteristics of the operating reactor, such as moderator 
void reactivity coefficient, so that the entire system is stable.  

4.3.2.3.3 Ultimate Performance Limit Criteria and Conformance (Historical) 

The ultimate performance limit criteria (or ultimate performance criteria) are the same as the 
criteria used in the PDAR and Amendment 2 to the 
PDAR.
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4.3.2.3.3.1 Criteria Definition (Historical) 

The ultimate performance criteria are based on avoiding any inherent instability of total or 
component systems, whether manifest as a divergent oscillation or a limit-cycle oscillation. The 
pertinent systems are analytically evaluated for compliance with these criteria, described as follows.  

The assurance that the total unit is stable (and, therefore, has significant safety margin) shall be 
demonstrated analytically when the decay ratio x~xo is less than 1.0, or equivalently, when the 
damping coefficient 5n is greater than zero, for each type of stability discussed. These limits are 
summarized in Table 4.3-2.  

Special attention should be given to differentiate between inherent system limit cycles and small, 
acceptable, limit cycles which are caused by physical nonlinearities (dead-band, friction, etc.) in real 
control systems. The latter are always present, even in the most stable reactors, and are not 
representative of inherent hydrodynamic or reactivity instabilities in the reactor.  

The ultimate performance limit criteria for channel hydrodynamic stability, reactor core stability, 
and total system stability shall be satisfied for the units for all attainable operating conditions. For 
stability purposes, the most severe condition used for applying these criteria was assumed to be the 
reactor power and flow condition where the extrapolated rod block line meets with the natural 
circulation power-flow line. This condition is shown in Figure 4.3-13.  

The assumption of this condition for stability analysis is highly conservative because the power level 
is higher than what can be attained with the units' natural circulation flow. The reason is that the 
actual rod block line is instrumented as a linear function of drive loop flow and is related to core flow 
by the nonlinear jet pump characteristics. As shown in Figure 4.3-13, the actual rod block line drops 
toward the rated power-flow curve below about 70% core flow. The condition of 65% power and 30% 
core recirculation flow was chosen as the conservative point at which the stability analysis would 
show that stability margins are at a minimum.  

In the following Sections 4.3.2.3.3.2 through 4.3.2.3.3.4 that address conformance to the ultimate 
performance criteria, the values presented are typical values and do not necessarily represent 
current data.  

4.3.2.3.3.2 Channel Hydrodynamic Conformance to the Ultimate Performance Criteria (Historical) 

The channel hydrodynamic performance calculation yielded the following results: 

Channel Hydrodynamic Performance 
Natural Circulation at Maximum Power 
Decay Ratio, x2 x0: <0.01 
Resonant Frequency, Hz: 0.318
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In this most responsive mode, rod block power at natural circulation, the most responsive channel 
was in conformance with the ultimate performance criteria of less than 1.0 decay ratio. Therefore, 

the channel performance over the entire range of attainable operation was well within stability 
limits.  

4.3.2.3.3.3 Reactor Core Conformance to the Ultimate Performance Criteria (Historical) 

Figure 4.3-14 shows the variation of the decay ratio with power as determined from the calculated 
damping coefficients for limiting reactor core stability conditions using a BOL axial power shape.  

The limiting core stability condition was assumed to correspond to natural circulation flow and rod 

block power at that flow condition. This condition approximated the limiting MCPR condition at 

natural circulation flow and was expected to represent the most responsive operating condition 
attainable.  

Reactor Core Performance 
Natural Circulation at Maximum Power 
Decay Ratio, x/x,: 0.310 

Resonant Frequency, Hz 0.318 

Figure 4.3-14 illustrates the variation of the decay ratio with flow and power. The calculated values 

show the reactor to be in compliance with the ultimate performance criteria in this most responsive 

mode. The damping coefficient corresponding to the decay ratio of 0.310 can be derived from Figure 

4.3-8. The 97.5%-confidence value of damping coefficient obtained from Figure 4.3-10, when 
converted back to decay ratio using Figure 4.3-8, yields a decay ratio value of 0.540 which is also well 
within the ultimate performance criteria.  

Because the end-of-life (EOL) power shape results in somewhat less damped performance than the 
BOL power shape (BOL was used in Figure 4.3-14), the data presented here have been revised for 
the more responsive EOL power shape.  

Figure 4.3-15 compares the results of the two sets of core stability analyses conducted for the units.  

The lower curves are those presented in Figure 4.3-14 and are applicable to core stability at BOL.  
The upper curves are those resulting from the new analyses of the units with an EOL axial power 

shape. Note that the EOL rated power-flow curve conservatively determines the design 70-100% 
operational flow control range for the units.  

Figure 4.3-16 shows the dependence of the most responsive channel's decay ratio as a function of 

power and flow levels, as determined from channel stability analyses which utilized the EOL axial 

power shape. The design guide limit criterion for individual channel stability is a decay ratio of 0.5.  

Even the extrapolated rod block point on the natural circulation curve falls below the 0.5 decay ratio 

limit, which shows that the units' range of flow control is not operationally limited by the channel 

stability analyses but by the core and total reactor system stability analyses. Figure 4.3-17 shows 
typical stability results using SPC fuel and methods.
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4.3.2.3.3.4 Total System Conformance to the Ultimate Performance Criteria (Historical) 

Figure 4.3-18 shows the variation of decay ratio with power and flow deduced from total reactor 
system analyses. The curves were made by plotting the values of decay ratio determined for Figure 
4.3-13 using the method described above. A spread of possible values is shown. These were not 
actual calculated values but were estimates based on observations of the transient curves in the time 
domain. The total system curve closely approximates the curve obtained in the reactor core analysis.  
The reactor core curves, however, are more limiting on the design flow control range.  

Figure 4.3-19 shows the Bode Plot of the closed-loop total core response and Figure 4.3-20 shows the 
Nyquist Plot of the open-loop total-core response, as obtained from stability analysis of the units at 
the 65% reactor power and 30% core recirculation flow condition. ., 

The Bode Plot is the prediction of the closed-loop void/power transfer function as obtained from the 
hydrodynamic portion of the FABLE code. The response shown is the average moderator void 
perturbation in the core resulting from a sinusoidal power disturbance. The curves are 
characteristic of BWR response at an underdamped operating condition as determined by prediction 
analyses of many different reactors and verified by rod oscillator tests on such units as 
Kernkraftwerk RWE Boyenwerk GmbH (KRB) and SENN (Garigliano). A resonant peak is readily 
observable at about 0.4 Hz.  

The Nyquist Plot shows the open-loop response as obtained from the total-core reactivity stability 
analysis. It is shown that, at this condition of 65% reactor power and 30% core recirculation flow, 
the total core is stable.  

Table 4.3-3 summarizes the significant stability parameters that resulted from this analysis. Either 
the damping coefficient or the decay ratio is sufficient as a measure of stable performance.  

The time response calculated for a step disturbance of each of three parameters resulted in no 
instability, including limit-cycle operation, thus confirming that the decay ratio is less than 1.0, in 
conformance with the ultimate performance limit criteria. Figures 4.3-21 and 4.3-22 give the 
response of the system to a 10-psi pressure setpoint change; Figures 4.3-23 and 4.3-24 to a $0.10-rod 
notch reactivity change; and Figures 4.3-25 and 4.3-26 to a 6-inch water level setpoint change. The 
initial operating condition for each transient was at rod block power and natural circulation flow.  
The same transients initiated from full power operation were even more stable, as described in 
Section 4.3.2.3.4.4.  

4.3.2.3.4 Operation Desian Guide and Conformance 

4.3.2.3.4.1 Desien Guide Limit Definition (Historical) 

Although the absolute stability of the units is assured by the ultimate performance limit criteria 
described in Section 4.3.2.3.3, it is the practice to design to a level of operational excellence that 
allows normal maneuvering and control with no
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The consequence of a stuck rod, analyzed by using a physics calculated power shape that corresponds 
with the most severe stuck rod case, would be a reduction in the channels's hydrodynamic stability; 
however, the orificing in the Dresden units' core design is more than adequate to prevent the 0.5 
decay ratio criterion from being violated. The conditions at the Garigliano rod oscillator tests 
represent a far worse case than is possible with Dresden core design; in Dresden, inlet orificing is 
much higher than what existed in the Garigliano channel in which the hydrodynamic instability 
occurred.  

For a second order system, a decay ratio of 0.25 or a damping coefficient of 0.22 would be 
approximately equivalent to a 250 to 30° phase margin. A decay ratio of 0.5 or a damping coefficient 
of 0.11 is approximately equivalent to a 120 to 15° phase margin. The relationship between decay 
ratio and gain margin is not as easily determined but a rule of thumb is that a decay ratio of 0.25 or 
a damping coefficient of 0.22 relates to a gain margin of about 6 decibels. (Note that any second 
order system has infinite gain margin as maximum phase shift of 1800 occurs at infinite frequency.) 
This rule of thumb relationship applies to systems such as the reactor whose order is higher than the 
second.  

Comparison of stability limits and margins between the analytical results and data taken at 
operating reactors demonstrates the conservatism of the analytical method. The operating reactor 
data were the KRB and SENN rod oscillator test data.  

Table 4.3-5 shows the comparison of the analytical results with the KRB rod oscillator test data. The 
IU-1B test chosen was a test conducted at reactor rated power with full forced recirculation flow.  

The SENN test chosen for comparison was at a much more responsible condition, with both loops at 
natural circulation flow condition and with reactor power raised to about 96% of rated. Table 4.3-6 
shows the comparison of test data with the analytical model for this SENN rod oscillator test.  

Comparison of test data with analytical results revealed discrepancies in gain and phase margins 
but showed good agreement in damping coefficient.  

The NRC has reviewed and approved the SPC stability methodology for use in licensing reload fuel 
under either of the following conditions (Historical; see section 4.3.4 for current stability related 
information): 

A. The calculated decay ratio for the proposed cycle is less than or equal to 0.75 and 
acceptable Technical Specification restrictions are placed on natural circulation 
operation; or 

B. The calculated decay ratio for the proposed cycle is less than or equal to 0.90 and 
acceptable Technical Specification requirements are placed on natural circulation and 
single-loop operation including proper surveillance of both local power range monitors 
(LPRMs) and average power range monitors (APRMs).  

In the following Sections 4.3.2.3.4.2 through 4.3.2.3.4.4 that address conformance to the operational 
design guide, the values presented are typical values and do not necessarily represent current data.
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4.3.2.3.4.2 Channel Hydrodynamic Conformance to the Operational Design Guide (Historical) 

The channel hydrodynamic performance calculations yielded the following results for rated operating 
conditions and for natural circulation conditions at the corresponding nominal power.  

Channel Hydrodynamic Performance 

Rated Conditions Natural Circulation 
Decay Ratio,xjxo: < 0.01 < 0.01 
Frequency, Hz: 0.318 0.318 

The most responsive channel is, therefore, in conformance with the operational design guide of less 
than or equal to 0.5 decay ratio for channel performance.  

4.3.2.3.4.3 Reactor Core Conformance to the Operational Design Guide (Historical) 

Calculations of the reactor power dynamic response for rated operating conditions, for natural 
circulation at the corresponding nominal power (53% power, 31% flow), and for the power-flow 
corresponding to the operational design guide limit, yielded the following results: 

Reactor Core Performance 

Operational 
Design 

Reactor Core Rated Natural Guide Limit 
Performance Condition Circulation (55% Power) 

Decay Ratio, xjxo: 0.01 0.280 0.250 

Resonant Frequency, Hz: 0.557 0.318 0.31 

As presented earlier, Figure 4.3-14 describes the calculated variation of the decay ratio over the 
normal power-flow range. The operating range to be covered during normal operation is shown to be 
limited on the rated power-flow characteristic to a value of 55% power using the methods and design 
guide described. Again, however, if Figure 4.3-10 is applied, it can be shown that the most probable 
value of the decay ratio, at natural circulation and the power level associated with the rated control 
rod pattern, is 0.157. This indicates that the system will probably be well behaved even beyond the 
stated limit of intended operation corresponding to 55% power on the rated power-flow 
characteristic.  

The reactor core stability for reload cycles using SPC fuel is calculated on a cycle-specific basis in 
accordance with the methodology presented in Section 4.3.2.3.2.2.1. The results of a typical reload 
application of the SPC stability methodology to the Dresden reactors is shown in Figure 4.3-17.  
These results indicate a high degree of stability for Units 2 and 3 and are well within the limits for 
SPC fuel and methods as previously defined.
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4.3.2.3.4.4 Total System Conformance to the Operational Desian Guide (Historical) 

For normal operating modes, the time response of each of the primary response variables of the 
reactor system to small step disturbances must show a decay ratio of less than or equal to 0.25 in 
order to satisfy the operational design guide limit. Each of the following disturbances were 
analytically imposed, one at a time, using the model previously described for time domain analysis: 

A. A pressure setpoint change of 10 psi; 

B. A control rod position change equivalent to a $0.10 reactivity change; 

C. A reoirculation flow change equivalent to a power change of 10% of starting point, and .  

D. A reactor water level setpoint change of 6 inches.  

The calculated responses of the primary variables to the pressure setpoint change and to the load 
demand perturbation are shown in Figures 4.3-27 through 4.3-30 for rated power operating 
conditions. Figures 4.3-31 and 4.3-32, 4.3-33 and 4.3-34, 4.3-35 and 4.3-36 give the response to a 
pressure setpoint change, a rod notch change, and a level setpoint change, respectively, at the 
nominal power corresponding to the rated power-flow control path at natural circulation flow. In all 
cases, the decay ratio of each of the primary response variables is less than 0.25, thus indicating 
good dynamic damping for expected normal operating conditions, in conformance with the 
operational design guide. In this case, the total system response does not constrain the operating 
range. The reactor core performance analysis provides the only limiting constraint on normal 
operating range, as indicated in Section 4.3.2.3.4.3.  

From Figures 4.3-21 through 4.3-36, the only variable that demonstrates a discernable oscillatory 
mode of response is neutron flux. No oscillatory modes are apparent in the other variables, which 
indicates that they have overdamped response characteristics. The estimation of damping 
coefficients in these cases is therefore only performed for the neutron flux.  

The method of estimating the damping coefficients is, first, to draw a base line through the inflection 
points of the neutron flux traces. This establishes a reference line from which one and the next peak 
in the same direction (if existing) can be measured. When there are many departures from this base 
line, a better estimate of the decay ratio can be obtained by averaging the ratios determined from 
many peaks to their immediate preceding peaks. This applies to undershoots as well as overshoots.  
As illustrated in Figure 4.3-37, the decay ratio can be approximated by averaging the ratios x/xo, 
xlxj, x4/x2, x jx3 ,, etc. Using this approach, the approximate decay ratios, and thus damping 
coefficients, of the neutron flux traces of Figures 4.3-21 through 4.3-36 can be determined.  

Figures 4.3-21 through 4.3-26 show transients conducted at natural circulation (35% recirculation 
flow) and the corresponding rod block power (65% power). The decay ratios of the three traces of 
neutron flux, which show an underdamped mode of oscillation of 0.2 to 0.25 Hz, are all estimated to 
be about 0.6. This decay ratio value corresponds to a damping coefficient of about 0.08. All other 
variables on these figures show overdamped forced response characteristics and no oscillatory
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response modes are evident. The decay ratio of 0.6 and damping coefficient of 0.08 clearly conform to 
the ultimate performance limit criteria of Table 4.3-2.  

Figures 4.3-27 through 4.3-30 show the results of transients conducted at the turbine-generator 
design power, and 100% recirculation flow. In these figures, even the neutron flux traces show 
characteristics of a forced response. No oscillations are apparent, indicating that the decay ratio 
must be extremely low. Thus conformance to the operational design guide limit criteria is evident.  

In Figures 4.3-31 through 4.3-36, the neutron flux traces show oscillatory modes of response. This 
condition of 53% reactor power, 35% recirculation flow is approximately the power and natural 
circulation flow condition that would exist after the 2 recirculation drive pumps were tripped and 
system equilibrium was established. The neutron flux trace of Figure 4.3-31 shows a decay ratio of 
about 0.5 at a frequency of about 0.2 Hz. The neutron flux traces of Figures 4.3-33 and'4.3M35 show a 
decay ratio of about 0.4 to 0.5 (a damping coefficient of 0.15 to 0.11) at the same frequency. All other 
response variables indicate overdamped forced response characteristics. These values of decay ratio 
for the neutron flux variable are well below the ultimate performance limit criteria but are in excess 
of the operational design guide limit criteria of 0.25. This is expected at this natural circulation 
condition and is the reason that the automatic flow control range of the units is limited to 65-100% of 
turbine-generator design power. Proper system design assures that the 0.25 decay ratio criteria is 
satisfied at the low end of the flow control range.  

4.3.2.3.4.5 Xenon Stability Operational Design Guide and Conformance (Historical) 

In addition to the above guides, attention is also given to xenon induced disturbances, especially the 
effects of these disturbances on the flux distribution. The power coefficient is the damping 
mechanism for xenon stability considerations. For the core size, lattice design, and power density of 
Dresden Unit 2 and 3, it has been found that for a power coefficient which is more negative than 
0.01 (Ak/k)/( AP/P), the xenon oscillations are well damped. Under-damped, unacceptable power 
distribution behavior could occur with power coefficients slightly more positive than -0.01 (Ak/k)/( 
AP/P).  

The power coefficients for Dresden Units 2 and 3 at the beginning and end of life have been 
calculated. Typical values are as follows: 

Power Coefficient 
iAk/k__ AP__) 

Beginning of life -0.06 
End of life -0.03 

The power coefficient values are well within the region of xenon stability. The end-of-life value does 
not vary significantly after 10,000 MWd/t.  

Even at the end of life, the power coefficient is more negative than that necessary for strong damping 
of xenon oscillations and, therefore, satisfies the guide set forth above.
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Operating experience at Dresden Unit 1 has shown that large BWRs are inherently stable against 
xenon-induced power oscillations. Large load changes at Dresden Unit 1 have resulted in power 
distribution changes, in the vertical direction only, that are highly damped. The vertical power 
distribution attains a steady-state condition about 15 hours after the initiating disturbance.  

4.3.2.3.5 Summary (Historical) 

Dresden Units 2 and 3 have been analyzed and shown to conform to the ultimate performance limit 
and design guide limit criteria. Assurance that the units are not only stable but also have desirable 
operational dynamic characteristics has been demonstrated analytically, as the calculated values of 
decayratio or damping coefficient are within, the limits specified. Compliance was and is based upon 
the results of these analytical studies.  

Precise measurement of damping coefficient or decay ratio was not made during startup and power 
testing of the units. Conformance to the ultimate performance limit criteria, however, was 
demonstrated for any attainable operating condition within reasonable core configurations, thus 
assuring total system stability and a significant safety margin.  

Dresden Units 2 and 3 have implemented the requirements of IE Bulletin 88-07 to ensure that 
adequate measures are taken to prevent the occurrence of uncontrolled power oscillations during all 
modes of BWR operation. See Section 4.3.4 for current stability information.  

4.3.3 Analytical Methods 

The current SPC methodology17' for determining the nuclear characteristics of reload fuel 
incorporates a fuel assembly depletion model (MICBURN-3/CASMO-3G) and a core simulator model 
(MICROBURN-B). The fuel assembly depletion model is used throughout the industry and was 
developed by Studsvik Energiteknik AB. This model has been extensively evaluated by SPC and has 
been determined to be flexible and accurate.  

The MICBURN-3 code calculates the microscopic burnup in an absorber rod containing an initially 
homogeneously distributed burnable absorber. It generates effective cross sections as a function of 
the absorbers number density to be used in CASMO-3G. The MICBURN-3 code has been used for 
the treatment of gadolinia; actually it can be used for any burnable neutron absorber. The input 
required for MICBURN-3 are the data for geometry and material composition and the selected 
options for the calculations. Nuclear data are read from the CASMO-3G data library.  

CASMO-3G is a multigroup two-dimensional transport theory code for burnup calculations on BWR 
assemblies or simple pin cells. The code handles a geometry consisting of cylindrical fuel rods of 
varying composition in a square pitch array with allowance for fuel rods with burnable absorber, 
burnable absorber rods, incore instrument channels, water gaps, cluster control rods, and cruciform 
control rods in the regions separating fuel assemblies.
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MICROBURN-B is a three-dimensional, two-group, course-mesh diffusion theory reactor simulator 
program for the analysis of BWR cores. The simulator code models the reactor core in three
dimensional geometry, and the reactor calculations can be performed in one-quarter, one-half, or full 
core geometry. The code calculates the reactor core reactivity, core flow distribution, nodal power 
distribution, reactor thermal limit values, and incore detector responses.  

The code includes special treatment of moderator void and control rod history and a more accurate 
treatment of plutonium production and depletion.  

4.3.4 Protection Against Instabilities 

BWR cores may exhibit thermal-hydraulic instabilities in certain portions of the core power and 
recirculation flow operating domain.  

On March 9, 1988, LaSalle County Station Unit 2 experienced a dual recirculation pump trip event.  
After the pump trip, while on natural circulation, the unit experienced an excessive neutron flux 
oscillation. The event was described in NRC Information Notice No. 88-39, "LaSalle Unit 2 Loss of 
Recirculation Pumps With Power Oscillation Event," dated June 15, 1988.  

The NRC has been concerned with generic questions that this event raised and has issued IE 
Bulletin No. 88-07 which requests that holders of operating licenses for BWRs ensure that adequate 
operating procedures and instrumentation are available and adequate operator training is provided 
to prevent the occurrence of uncontrolled power oscillations during all modes of operation.  

In IE Bulletin No 88-07, Supplement 1, the NRC provides additional information concerning power 
oscillations in BWRs and requests that addressees take action to ensure that the safety limit for the 
plant minimum critical power ratio is not violated.  

In Generic Letter 94-02 actions L.a and 1.b, the NRC requested licensees to implement the proposed 
upgrade to BWROG Interim Corrective actions (ICAs) to better address startup and low power 
maneuvering conditions.  

CoinEd performed the actions requested by IE Bulletin 88-07, 88-07 Supplement 1 and actions L.a 
and 1.b of Generic Letter 94-02 for Dresden Units 2 and 3.211 

ComEd Participated in the BWR Owners' Group (BWROG) program which developed generic long

term solutions to the stability issue.  

4.3.4.1 Solution Description (Unit 2 Only) 

The instabilities and the solutions devised to detect and suppress them are discussed in References 
10 and 12. Dresden has adopted the solution Option III designated as the Oscillation Power Range 
Monitor (OPRM). The OPRM complies with GDC-12, as discussed in Section 3.1.2.2.3.  

The overall design philosophy of the OPRM is to generate an alarm in the control room if it detects 
core instabilities (based on period-based algorithm only), and when it is armed, to generate an 
automatic suppression system trip if the instabilities reach an amplitude that could threaten the fuel 
safety limits. The OPRM augments the existing RPS functions by adding a detect and suppress 
function and does not remove or replace any of the existing RPS functions or hardware.  

The OPRM consists of a microprocessor that takes and analyzes signals from LPRMs. Since LPRMs 
are evenly distributed throughout the reactor core, they are capable of responding to any neutron 
flux oscillations that can create an MCPR concern. Individual LPRMs readily respond to a wide 
variety of normal operating maneuvers and expected events, and are also subject to electrical

4.3-25

Rev. 4



DRESDEN - UFSAR

interference. For these reasons, each OPRM may use multiple LPRMs as a means of maintaining a 
strong response to a neutron flux oscillation while minimizing the susceptibility to false signals 
associated with a single LPRM, or may utilize a detection algorithm designed to achieve the same 
objective. The OPRM is automatically bypassed at high flow or low power conditions, where core 
instabilities are unlikely to occur, to avoid spurious actuation.  

4.3.4.2 Licensing Basis (Unit 2 Only) 

The licensing basis is to generate a trip signal during oscillations of sufficiently low amplitude to 
provide margin to the MCPR safety limits for all expected modes of BWR oscillations. The OPRM 
oscillation recognition algorithm is intended to discriminate between true stability-related neutron 
flux oscillations and other flux variations that may be expected during plant operation. Extensive 
evaluation of operating plant data is done to determine the combination of algorithm and OPRM 
setpoints, which meet the design objectives. The final algorithmnsetpoint design is subjected to in
plant testing with the trip function disabled.  

The OPRM assures that for BWR fuel designs, this operating mode does not result in specified 
acceptable fuel design limits being exceeded. The onset of power oscillations for which corrective 
actions are necessary is reliably and readily detected and suppressed by operator actions and/or 
automatic system functions, when OPRM is armed.  

4.3.4.3 Expected Oscillation Modes (Unit 2 Only) 

The OPRM is capable of responding to the expected modes of BWR stability-related oscillations. The 
expected oscillation modes are as follows (Reference 10, Section 6.1): 

"* Core-wide, in which the average neutron flux in all fuel assemblies oscillates in phase.  
"* First Order Side-by-Side or a regional oscillation where the neutron flux on one side of the 

reactor oscillates 1800 out of phase with the flux on the other side.  
"* First Order Processing, a regional oscillation where the axis of zero oscillation amplitude rotates 

azimuthally, or the two reactor regions of peak oscillation amplitude shift from one location to 
another at a frequency lower than the oscillation frequencey.  

Other modes of oscillation are not expected in a BWR.  

4.3.4.4 Analysis Approach (Unit 2 Only) 

The overall objective of the oscillation detection algorithm is to reliably detect expected instabilities 
at a low magnitude such that mitigation can occur well before the MCPR Safety Limit is exceeded, 
while avoiding spurious trips during expected neutron flux transients. The algorithm is based on the 
detection of the three known characteristics that BWR neutron flux oscillations exhibit. These 
characteristics are the amplitude or absolute magnitude, growth rate, and periodic behavior. Only 
the period based detection algorithm is used in the safety analysis. The other algorithms provide 
defense in depth and additional protection against unanticipated oscillations. Details of the 
algorithm can be found in References 10 and 12.  

References 13 describes the process used to calculate a conservative final MCPR value for an 
anticipated stability-related oscillation. It involves the determination of initial MCPR by a cycle
specific evaluation and the calculation of hot bundle oscillation magnitude. The licensing criterion is 
met when the final MCPR is greater than the MCPR safety limit. Appropriate reload parameters 
are checked every cycle to determine the initial MCPR. This methodology provides a conservative 
means of demonstrating with a high probability and confidence that the MCPR safety limits will not 
be violated for anticipated oscillations. The use of the MCPR safety limit to provide protection 
against possible fuel damage is exceedingly conservative (Reference 13, Section 4.5.2).
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4.3.4.5 Testing and Verification (Unit 2 Only) 

The OPRM, which is installed to detect and suppress thermal-hydraulic instabilities, is extensively 
tested using available data from several BWR plants. After installation, the plant will be operated 
for one fuel cycle, and until the OPRM Technical Specifications are approved, with the OPRM trip 
function disabled and the OPRM operation being monitored and tested.  

4.3.4.6 Stability Analyses 

Stability analyses continue to be performed for the reload cores and fuel designs to validate the 
boundaries of the administratively controlled regions of the Power-Flow map during operation with 
and without the- OPRM system.  

4.3.4.6.1 SPC Stability Model 

SPC performs stability calculations for the Dresden reactors with the STAIF"'4' computer code.  
STAIF'141 is used to predict the thermal-hydraulic reactivity stability of boiling water reactors.  

The major modifications to the code include coupling to the MICROBURN-B simulator code, axial 
variation of fuel geometry, direct calculation of decay ratios for the regional oscillation model, and 
evaluation of the damping coefficient or decay ratio from the calculated transfer functions using a 
shifted Nyquist analysis algorithm. These modifications represent extensions of the basic code 
capabilities. STAIF includes linearized, small perturbation, frequency domain models for the reactor 
core and vessel recirculation system excluding the control systems and steam line dynamics. The 
code includes fundamentally based model equations for the fuel channel and bypass thermal 
hydraulics; upper plenum, steam separator, steam dome, recirculation system, and lower plenum 
hydraulics, fuel heat transfer, and core neutronics.  

STAIF"14 ' calculates the core neutronic response using an axial one-dimensional neutronics model 
with axially varying void and Doppler reactivity feedback. The fuel heat transfer model provides for 
both radial and axial variations in fuel geometry and gap conductance. The fuel heat transfer model 
provides the coupling between the core neutronic power and the core thermal-hydraulic models.  

The parallel channel thermal-hydraulic solution for the fuel channels and the bypass allows up to 
fifty parallel regions to be modeled. Each of these regions represents a number of individual fuel 
assemblies with the group average power level and axial power distribution. The parallel channel 
thermal-hydraulics provides for transient flow redistribution among the fuel channels and the core 
bypass channel due to local and system wide perturbations. The vessel hydraulic model provides the 
capability to simulate multiple recirculation loops so that asymmetric pump operation can be 
simulated.  

The main output of STAIFr'4 is decay ration information. Uncertainties in the decay ratio are to be 
expected when compared to measured data. This uncertainty is mainly due to the uncertainties in 
input parameters and the meastired core state, in addition to the inherent modeling biases.  
However, a much smaller uncertainty in decay ratio is expected when calculations are performed to 
quantify the relative effects of core state and design input parameters.  

STAIF"4 ' is capable of predicting the following decay ratios: 

Individual channel thermal-hydraulic decay rations, or "channel decay ratios": This decay ratio is 
only an abstract index of channel stability, and calculating a decay ratio of unity or greater does not 
necessarily mean that the particular channel will oscillate in the reactor. The reason for this is that 
in the definition of channel ratio, the pressure drop across the channel is assumed constant, the 
phase lag due to radial heat conduction in a fuel rod is not modeled, and the channel power and
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power distribution are fixed. However, the hot channel decay ratio is strongly correlated to core 

stability of both the global and regional modes. The channel decay ratio index serves as a means of 

evaluating the impact of mechanical fuel design parameters on hydraulic stability.  

Core decay ratio: This value quantifies the stability of core-wide in-phase mode, also commonly 

called the "global mode." In this mode, the radial power distribution remains unchanged, and the 

power of all the fuel bundles in the core oscillate in phase. Unlike the channel decay ratio, a 

virtually complete and detailed modeling of the participating physical processes is included.  

Specifically, the void-reactivity feedback and fuel pin heat conduction dynamics are included. The 

effects of channel flow redistribution and pressure drop variation with total core flow are also 

modeled. Therefore, a global decay ratio above unity means that the core will actually oscillate. It 

should be noted that decay ratios less than unity measured by analyzing the neutron noise signals 

correspond to-this global mode.  

Regional decay ratio: In this mode, the power (and flow) of the bundles in half the reactor oscillates 

out of phase with the power of the bundles in the other half. A vertical plane passing through the 

core center divides these two halves and the bundles on (or close to) this plane experience virtually 

no oscillations. This plane could be at any orientation depending on core loading and control rod 

pattern. The differences between this mode and the core-wide mode are: 

"* The flux mode excited is the first harmonic instead of the fundamental. The first harmonic mode 

is subcritical, which neutronically dampens the regional mode relative to the core-wide mode.  

"* The flow perturbations in the two halves of the core are of opposite direction, and thus the core 

pressure drop remains constant (in the linear limit). By isolating the recirculation loop and its 
dampening effect, the regional mode is hydraulically less stable than the core-wide mode.  

With the above two opposing effects, the regional mode may be more or less stable than the core-wide 

mode, depending primarily on power distributions. In general, large cores are more susceptible to 
regional oscillations than smaller cores.
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Even if transition boiling were to occur, cladding perforation would not be expected. Significant test 
data accumulated by the NRC and private organizations indicate that BWR fuel can survive for an 
extended period in an environment of transition boiling.  

If reactor pressure during normal power operation should ever exceed the limit of applicability of the 
critical power correlation, it would be assumed that the fuel cladding integrity safety limit MCPR 
was violated. This applicability pressure limit is higher than the pressure safety limit specified in 
the Technical Specifications.  

4.4.1.3.1.3 Maximum Linear Heat Generation Rate 

T 
In, addition to the boiling transition limit (Operating Limit MCPR), operationris constrained to a 
maximum steady state linear heat generation rate (SLHGR) and the Transient LHGR (TLHGR) as 
stated in Section 4.2.3.1.2 (detailed curves are specified in the Core Operating Limits Report in the 
Dresden Administrative Technical Requirements). The steady state LHGR limit provides assurance 
that the fuel end of life steady state criteria are met. Equivalent safety margin for transients is 
provided by compliance with the TLHGR limit. The monitored parameter, Fuel Design Limit Ratio 
Centerline melt (FDLRC), ensures margin to the TLHGR limit for events initiated from lower power 
conditions is provided by decreasing the Average Power Range Monitor (APRM) flow biased scram 
setting by a factor for 1/FDLRC or by increasing the APRM gain setting by a factor of FDLRC, when 
FDLRC is greater than 1.0, where 

FDLRC= LHGR x 1.2 

TLHGRxFRTP 

In this equation, FDLRC is the Fuel Design Limit Ratio for Centerline melting, FRTP is Fraction of 
Rated Thermal Power, and TLHGR is the Transient LHGR limit specified in the Core Operating 
Limits Report.  

4.4.1.3.2 Operating Basis 

Based on the preceding design criteria, the operating basis for the thermal and hydraulic 
characteristics of the core design is to control the local power density to levels such that the fuel 
assembly powers are maintained within the critical power limits.  

The basis of the steady-state MCPR and MLHGR limits is to provide sufficient margin to 
accommodate uncertainties and to ensure that the fuel damage limits would not be exceeded during 
transients caused by any reasonably expected single operator error or single equipment malfunction.  

4.4.1.3.3 Operating Limits 

The following operating limits are used during normal steady-state operation: the MCPR is 
maintained no less than the Technical Specification limiting condition for operation (LCO) value, 
and the linear heat generation rate (LHGR) is maintained no higher than the SLHGR for each fuel 
type stated in Section 4.2.3.1.2 (detailed curves are specified in the Core Operating Limits Report).  
Note that the above statement does not specify the operating power nor does it specify peaking 
factors; these parameters are controlled by the operator subject to a number of constraints, including 
the thermal limits given above.
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When recirculation pump speed is changed without rod motion, the power and flow follow one of a 
family of FCLs. These lines are not followed perfectly due to xenon buildup or burnout/decay in the 
core during power changes. Operation above the 100% FCL is permitted in the ELLLA region as 
shown in Figure 4.4-1 (see Section 4.4.3.1.8), which allows operators to anticipate and compensate 
for the effects of xenon buildup during power increases.  

For ATRIUM-9B reloads, cycle specific and/or generic analyses are performed to support coastdown 
at end of cycle. An OLMCPR coast down adder is applied to the cycle specific OLMCPR, and a 
pressure adder is applied to the cycle specific limiting ASME overpressurization event. During non
equilibrium xenon conditions, coastdown operation with core thermal power greater than 
equilibrium xenon power is acceptable per the results of Section 4.4.7 Reference 3.  

4.4.4 Evaluation 

The following describes the methods for evaluating the design limits and operating limits. Section 
4.4.4.1 describes the evaluation of the fuel cladding integrity safety limit MCPR and the operating 
limit MCPR. Section 4.4.4.2 describes the evaluations for other Technical Specification limits.  

4.4.4.1 Fuel Cladding Integrity Safety Limit MCPR and Operating Limit MCPR Calculation 
Procedure 

The following subsections describe the statistical methodology for calculating safety limit and 
operating limit MCPRs. Section 4.4.4.1.1 describes the general critical power methodology. Section 
4.4.4.1.2 and its subsections describe critical power correlations. Section 4.4.4.1.3 describes the 
safety limit MCPR calculation procedure. Section 4.4.4.1.4 describes transient analyses for the 
calculation of operating limit MCPR.  

4.4.4.1.1 Critical Power Methodology 

The critical power methodology used by Siemens Power Corporation (SPC) is based upon a series of 
conservative assumptions which overestimate the probability of breaching fuel rod cladding 
integrity. This approach results in reactor operating limits which provide a level of protection in 
excess of established requirements.  

The methodology for determining thermal margin is comprised of hydraulic and thermal 
calculations. The distribution of reactor coolant flow is calculated from a set of experimentally or 
analytically determined fuel assembly hydraulic characteristics and an experimentally verified two
phase flow model. The calculation of the core flow distribution provides the basis for determining 
the likelihood of boiling transition by use of a critical power correlation. The hydraulic and thermal 
calculation uncertainties are statistically convoluted with measurement uncertainties associated 
with the reactor instrumentation in order to derive a fuel cladding integrity safety limit MCPR.  

The reactor system transients and events which are plausible for a BWR are classified according to 
expected or observed frequency of occurrence based on established standards.
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The level of core protection which has been established for BWRs is that at least 99.9% of the fuel 
rods in the reactor core are expected to avoid boiling transition when the reactor core is operating at 
the safety limit MCPR. Derivation of the safety limit MCPR is performed with a design basis power 
distribution which conservatively envelopes expected reactor power distributions for normal and 
transient reactor operations.  

4.4.4.1.2 Critical Power Correlation 

In the SPC methodology, the fuel assembly critical power corresponding to a particular reactor 
operating state is determined from the ANFB13' 41 critical power correlations.  

The ANFB correlation provides a generic tool for evaluating critical power and to assess thermal 
margin for all current domestic SPC BWR fuel designs. It is based on a data base characteristic of 
SPC's current product designs. The database for the ANFB correlation includes data from several 
test data sources. These test programs- include full- or partial-array tests for 8x8, and 9x9 fuel 
designs with both axially uniform and nonuniform power profiles. The ANFB correlation is based on 
local coolant conditions at 2842 data points taken in 42 test fuel assemblies for the 9x9-2 fuel. The 
data base for the ATRIUM-9B fuel contains over 700 data points..  

The ANFB critical power correlation is an empirical representation of planar average thermal
hydraulic fluid conditions at which boiling transition has been experimentally determined. The 
minimum heat flux required to produce boiling transition is predicted from fluid conditions of 
pressure, mass velocity, and enthalpy averaged over the plane of interest. The correlation contains 
correction factors for the effects of boiling transition due to a nonuniform axial heat flux profile and 
the grouping of relatively high-powered rods.  

The test assemblies include full and part-length rods; typical BWR grid spacers; 4x4, 5x5, and 9x9 
rod configurations; and a variety of rod diameters, assembly hydraulic diameters, rod-to-wall 
spacings, and rod-to-rod spacings. The database was compiled from data taken at several test 
laboratories. The uniform axial data was used to develop the correlation, while the nonuniform axial 
data was used to validate the correlation with the Tong factor. Therefore, the correlation has been 
checked against independent test data.  

The database and correlation address the effects of operating pressure, mass velocity, enthalpy, axial 
power peaking and distribution, local power peaking and distribution, rod diameter, and fuel 
assembly hydraulic diameter and heated length on boiling transition.  

To determine the ability of the ANFB correlation to predict critical power, the correlation has been 
used to predict the critical power for each test point in the database. The ratio of predicted critical 
power to the experimentally measured critical power (ECPR) was determined for each test point.  
The ECPRs for all test points were statistically analyzed to determine the overall mean and 
standard deviation, thereby characterizing the frequency distribution of the ECPRs. The resulting 
ECPR distribution is a normal distribution with a mean ECPR of 0.996
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and a standard deviation of 0.0310. The mean ECPR for ATRIUM-9B fuel is 0.9887 and the 

standard deviation of the ECPR is 0.0382 (Reference 6). Figure 4.4-2 presents a bar graph showing 

the frequency distribution of the ECPR and a superimposed normal distribution with the mean and 

standard deviation stated above for 9x9 fuel.  

The ANFB correlation has also been used to predict the number of fuel rods experiencing boiling 

transition (predict multiple indications) for the test database. The probability of boiling transition 

for each rod in a test section was determined from the critical power prediction based on that rod.  

The probabilities for all the rods in the test assembly, as predicted by ANFB, were then summed to 

yield the prediction of the total number of rods experiencing boiling transition. The ANFB 

correlation was found to conservatively overpredict the expected number of fuel rods that experience 
boiling transition.  

4.4.4.1.3 Fuel Cladding Integrity Safety Limit MCPR Calculation,, 

The fuel cladding integrity safety limit MCPR is the MCPR value at which at least 99.9% of the rods 

in the core are expected to avoid boiling transition. This MCPR value is determined by a statistical 

convolution of all the uncertainties associated with the calculation of thermal margin. The set of 

uncertainties which form the basis for the statistical convolution are established by the relative 

sensitivity of all the parameters which are incorporated into the MCPR calculation.  

These uncertainties include both fuel-related uncertainties, which may vary with reactor loading 

cycle, and nonfuel-related uncertainties, which are independent of fuel types and are characteristics 

of the reactor system. Examples of fuel-related uncertainties are those introduced by the critical 

power correlation, the calculation of core-wide power peaking factors, and the calculation of the core

wide flow distribution which includes uncertainties associated with the core hydraulic model.  

Examples of nonfuel-related uncertainties are the measurement uncertainties associated with 

reactor pressure, feedwater flowrate and temperature, total core flowrate, and core inlet subcooling.  

The contributions of the individual uncertainties to the overall MCPR uncertainty is determined 
from the procedure used to calculate the MCPR.  

The statistical convolution of the various uncertainties to determine the safety limit MCPR is 

performed by a Monte Carlo procedure. The Monte Carlo procedure simulates a variety of possible 

reactor operating states which are determined by the magnitudes of the uncertainties associated 

with the operating conditions of the reactor. For a particular reactor operating state and design 

basis core-wide power distribution, the probability of boiling transition is calculated for each rod 

from the CPR as determined by the critical power correlation (see Section 4.4.4.1.2). The rod 

probabilities are summed over the entire core to determine the number of rods expected to be in 

boiling transition for a particular Monte Carlo trial. Repetitive application of the Monte Carlo 

procedure defines a frequency distribution of the number of rods in boiling transition.  

The frequency distribution of the number of rods in boiling transition is statistically analyzed using 

distribution - free tolerance limits. This procedure, which does not require an assumption regarding 

an analytical description of the distribution, is used to derive the number of rods expected to be in 

boiling transition for a particular reactor operating state. The MCPR of this reactor state is 

established as the safety limit if the number of rods expected to be in boiling transition is no more 

than 0.1% of the rods in the reactor core. The total number of
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At lower power levels, events such as inadvertent startup of an idle recirculation pump, recirculation 
flow controller failure (increasing flow), feedwater flow controller failure (to maximum demand), and 
rod withdrawal error can become more severe than transients which are limiting at design 
conditions. However, the decrease in MCPR for these events is more than compensated for by the 
increase in the reduced flow MCPR limit at lower power and flow.  

Transient analyses are performed at the full power, EOC, all-rods-out condition. Once Unit 2 or 
Unit 3 reaches this condition, it may be shut down for refueling or it may be placed in coastdown 
operation which involves coasting to a lower power level.  

The coastdown nCPR and pressure penalties are evaluated each cycle. If the generic penalties are 
not supported, cycle specific licensing documentation will provide the appropriate penalties to be 
applied'. The cycle specific evaluations are performed in accordance with NRC-approved 
methodologies.  

For ATRIUM-9B Reloads, the Reference 3 analysis supports coastdown operation. The coastdown 
analysis supports operation up to 15% above the equilibrium xenon coastdown power level. The 
coastdown results in Reference 3 are presented as generic penalties to be applied to cycle specific 
base case results. The Reference 3 or cycle specific penalties are applied (to the operating limit for 
MCPR and analysis limits for ASME overpressurization event) to maintain margin.  

For ATRIUM-9B Reloads, the Reference 3 analysis provides generic penalties for coastdown 
operation. The Reference 3 analysis supports coastdown with Equipment Out of Service. Coastdown 
with Equipment Out of Service includes: feedwater heater(s) out of service, single loop operation, 
relief valve out of service, safety/relief valve function out of service, 40% TIP strings out of service, 
and 50% LPRMs out of service with a 2000 Effective Full Power Hour LPRM Calibration Interval.  

During coastdown the station may either apply the appropriate penalties or limit core thermal power 

as specified in Reference 3. This protects coastdown operation up to 15% above the assumed 
equilibrium xenon level by either limiting core power to the analyzed power or applying a penalty as 
specified in Reference 3 or cycle specific documentation.  

If rod(s) are inserted during coastdown, the maximum obtainable equilibrium xenon core power is 
reduced and scram worth increases, which results in less severe transients relative to all rods out.  
During coastdown operation up to 15% above equilibrium xenon coastdown power, the generic 
coastdown penalties bound the effect due to the rod(s) inserted.  

The power level during this period is assumed to decrease linearly as exposure increases. It is 
expected that the actual power profile will be a slowly decaying exponential curve. An analysis using 
the linear approximation, however, is conservative since it overpredicts the power for any given 
exposure.  

The Reference 3 coastdown analysis supports coastdown operation up to 15% above the equilibrium 
xenon coastdown power level. The coastdown results in Reference 3 or cycle specific documentation 

are presented as penalties to be applied to cycle specific base case results.  

Evaluations have been made at various normal operating range power points on the linear curve for 
the limiting pressurization transient. The results show that each of these points exhibits a larger 
pressure margin and operating MCPR margin than the EOC 100% power, 100% flow case. The 
maximum average planar linear heat generation rate (MAPLHGR) limit for the 100% power, 100% 
flow case is conservative for the coastdown period since the power is decreasing and rated core flow 
is maintained.  

Analysis of the turbine trip without bypass transient for the EOC coastdown condition has also been
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performed for various normal operating range power points. The results show the same general 
trend: the reduction in power during coastdown more than compensates for the degradation in 
scram reactivity insertion in determining the pressure and MCPR limits of the transient. Therefore, 
it can be concluded that equilibrium xenon coastdown operation at EOC is conservatively bounded by 
the analysis at EOC, 100% power conditions.  

During non-equilibrium xenon conditions, coastdown operation up to 15% of rated above equilibrium 
xenon power (up to 100% of rated) is acceptable per the results of Section 4.4.7 Reference 3. The 
coastdown results in Reference 3 are presented as generic penalities to be applied to cycle specific 
base case results.  

4.4.4.2 Additional Evaluation of Technical Specification Limits 

The information in this section is intended to support the limits set forth in the Technical 
Specifications. This discussion demonstrates the margins existing between conditions of potential 
safety concern and conditions to which the unit is limited, either by nature or by protective device 
action.  

4.4.4.2.1 Core Thermal Power Limit (Reactor Pressure At or Below 800 psia or Core Flow At or 
Below 10% of Rated) 

At pressures at or below 800 psia, the core elevation pressure drop (zero power, zero flow) is greater 
than 4.56 psi. At low powers and flows this pressure differential is maintained in the bypass region 
of the core. Since the pressure drop in the bypass region is essentially all elevation head, the core 
pressure drop at low powers and flows will always be greater than 4.56 psi. Analyses show that with 
a fuel assembly flow of 28 x 10' lb/hr, fuel assembly pressure drop is nearly independent of fuel 
assembly power and has a value of 3.5 psi. Thus, the fuel assembly flow with a 4.56-psi driving head 
will be greater than 28 x 103 lb/hr.

4.4-13a

Rev. 4



DRESDEN - UFSAR

Full-scale ATLAS test data taken at pressures from 14.7 psia to 800 psia indicate that the fuel 
assembly critical power at this flow is approximately 3.35 MWt. At 25% of rated thermal power, the 
peak powered fuel assembly would have to be operating at 3.84 times the average powered fuel 
assembly in order to achieve this assembly power. Thus, a core thermal power limit of 25% for 
reactor pressures at or below 800 psia is conservative.  

4.4.4.2.2 Limiting Safety System Settings 

The Technical Specifications include limiting safety system settings (LSSSs). The LSSSs related to 
the core thermal safety limit include the reactor high pressure scram and the high neutron flux 
(APRM) scram. The LSSSs that provide further conservative -protection include the APRM rod block 
and the turbine stop valve closure anticipatory scram.  

In the analyses for these LSSSs, the assigned trip values are intended for use in normal operation.  
They are not set to the maximum levels that would be allowed by the assumed safety limit.  

The APRM scram trip setting is selected to provide adequate margin to the fuel cladding integrity 
safety limit MCPR and yet allow operating margin to reduce the possibility of unnecessary scrams.  
AOO analyses demonstrate that the scram trip setting, together with other reactor protection 
settings, protects against the violation of the MCPR safety limit. The high pressure scram is 
available as a backup protection to the high flux scram. These LSSSs are addressed in Section 7.2.  

The APRM system provides a control rod block to prevent gross control rod withdrawal at any 
recirculation flowrate to provide protection against exceeding the fuel cladding integrity safety limit 
MCPR. This rod block trip setting, which is automatically varied with recirculation loop flowrate, 
prevents an increase in the reactor power level to excessive values due to control rod withdrawal.  
The flow variable trip setting provides substantial margin from fuel damage, assuming a steady
state operation at the trip setting, over the entire recirculation flow range. The APRM rod block 
maximum setting is addressed in Section 7.6.  

The turbine stop valve closure scram trip anticipates the pressure, neutron flux, and heat flux 
increases that could result from the rapid closure of turbine stop valves. With the Technical 
Specification scram trip setting, the resultant increase in surface heat flux is limited such that the 
MCPR remains above the fuel cladding integrity safety limit MCPR even during the worst-case 
transient that assumes the turbine bypass is closed. This anticipatory scram is addressed in Section 
7.2.  

Both the reactor protection system and the reactor's inherent physical characteristics prevent 
exceeding safety limit conditions. Normal steady-state and transient operating conditions do not 
exceed the operating limit MCPR, the SLHGR, TLHGR and the MAPLHGR specified in the Core 
Operating Limits Report. Slow increases in power would be terminated by the action of pressure 
scram, flux scram, or rod block (in the case of rod withdrawal).
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The analyses presented in these referenced sections show the capability of the protection system and 
the inherent reactor characteristics to prevent approach to the safety limit conditions. Practically, it 
is virtually impossible for the reactor to reach the assumed safety limit conditions.  

4.4.4.2.4 Single-Loop Operation 

For reactor operation with only one recirculation pump running (single-loop operation), the fuel 
cladding integrity safety limit MCPR is increased by an amount specified in the Technical 
Specifications. This increase accounts for increased uncertainties in core flow and transversing 
incore probe (TIP) instrumentation measurements for single-loop operations.  

Analyses by SPC have demonstrated that transient events during single-loop operation are bounded 
by those at rated conditions. However, due to the increase in the fuel cladding integrity safety limit 
MCPR in single-loop operations, an equivalent adder must be uniformly applied to the operating 
limit MCPR to maintain the same margins to the safety limit MCPR.  

During single-loop operation, the normal drive flow relationship during dual-loop operation is 
changed. This change is the result of reverse flow through the idle loop jet pumps when the active 
loop recirculation pump speed is above 40% of rated speed. Some of the active-loop flow is diverted 
from the core and backflows through the idle-loop jet pumps; hence, the core receives less flow than 
would be predicted based upon the dual-loop drive-flow-to-core-flow relationship. Therefore, the 
APRM flow-biased scram and rod block settings must be altered for single loop operation; otherwise, 
the new drive-flow-to-core-flow relationship would nonconservatively result in flow-biased trips 
occurring at neutron fluxes higher than normal for a given core flow.  

4.4.5 Testina and Verification 

Testing and verification were performed initially and are performed following each reload to confirm 
that the thermal and hydraulic characteristics of the core and the reactor coolant system are in 
accordance with design values and will remain within required limits throughout core lifetime. A 
description of startup testing is presented in Chapter 14.  

4.4.6 Instrumentation Requirements 

The functional requirements for the instrumentation employed in monitoring and measuring those 
thermal-hydraulic parameters important to safety are addressed in Sections 7.2, 7.5, and 7.6.
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4.6.3.2 Control Rod Drive 

The control rod drives are of the locking-piston-type. The CRD as described here is the same as used 
on all General Electric BWRs. The CRD hydraulic system piping and instrumentation drawing is 
shown in Drawings M-34 and M-365. Figure 4.6-6 shows the basic CRD hydraulic system flow path.  
An assembly drawing of the CRD is shown in Figure 4.6-7. The CRDs are mounted vertically in 
housings which are welded into the reactor bottom head penetrations. The low end of each housing 
terminates in a special flange which contains ports for attaching the hydraulic system lines and a 
machined face which mates with a corresponding flange at the lower end of the drive.  

At the top end of the drive index tube (the moveable element), a coupling is provided which engages 
and locks into a socket at the base of the control rod (Figure 4.6-8). The weight of the control rod 
alone engages and locks this coupling. Once locked, the drive and rod form an integral unit which 
must be manually unlocked by specific procedures before a drive or rod can be removed from the 
reactor. These procedures are established to prevent accidental separation of the control rod from 
the CRD.  

The CRDs position the control rods in 6-inch increments of stroke and hold them in these discrete 
latch positions until actuated for movement to a new position by the hydraulic system. Visible 
indication of the position of each drive is displayed in the control room by means of illuminated 
numerals which correspond with the respective latched positions.  

In addition, indication is provided that shows insert and withdraw travel limits of the drive when an 
overtravel withdraw limit on the drive has been reached. Control rod seating at the lower end of the 
stroke prevents the overtravel withdraw limit from being reached unless the control rod is uncoupled 
from the drive. This allows the coupling to be checked. These indicators and those for the incore 
monitors are grouped together and displayed on the control panel and arranged on the board to 
correspond to relative rod and incore monitor positions in the core.  

Movements of the control rods when the reactor is critical or near critical cause changes in the 
neutron flux. Rod coupling is verified by observing the neutron flux changes during rod movement.  

Originally BWR/3-type CRDs were installed at Dresden Station. Since May 1987, BWR/6-type CRDs 
have been used to replace BWRP3-type CRDs requiring maintenance. The BWR/6-type CRD 
performs the same function as and is a one-for-one changeout for the BWR/3-type CRD.  

The functional operation of the BWR/6-type CRD is identical to BWR/3 CRD. The CRD accumulator 
pressure and operating principles remain unchanged. The failure modes are the same. These 
failures could result in a control rod drop accident (CRDA) and severance of drive housing. The 
CRDA is analyzed in Section 15.4.10. All various scram conditions resulting in hydraulic loading of 
the BWRP6-type CRDs are enveloped by the original design of the CRD system.

4.6-7
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4.6.3.3.2 System Description 

Under normal operation, the hydraulic control system uses condensate as the working fluid to 

accomplish hydraulic positioning of the control rod drives and their attached control rods. Drive 
water pressure is set to achieve the desired control rod velocity during control rod positioning. The 
desired rate of control rod motion is obtained by supplying a set quantity of water to the drive which 
moves the drive by displacing water on the other side of the drive piston. Manual valves are set to 
provide the desired water flowrate at the established drive water pressure thereby controlling the 
control rod speed. Pressure and flow for fast insertion (scram) of the control rods is supplied by 
stored energy in the scram accumulators or by reactor pressure.  

The system, shown in Drawings M-34 and M-365, is made up of supply pumps, filters, strainers, 
control valves and associated instrumentation and controllers. The CRD system normally draws 
suction from the condensate reject line which is downstream of the condensate demineralizers. This 
system can also draw suction from the condensate storage tank. The CRD system provides water for 

the reactor recirculation pump seals, CRD accumulator charging, drive water for normal CRD 
insert/withdraw operations, CRD drive cooling water and the RVWLIS Backfill System. Flow control 
and drive water pressure control stations are connected in series and provide pressure regulation for 
the various requirements. The highest pressure, nominally 1500 psig, is provided to the scram 
subsystem for charging the scram accumulators and to purge the reactor recirculation pump seals.  
The next highest pressure is regulated to maintain 250-280 psi above reactor pressure and supplies 
water for normal CRD drive operations. The third water source is regulated to maintain 20 psi 
above reactor pressure and provides cooling water to the drive mechanisms. These pressures vary 
directly with reactor pressure changes, and are controlled by using valves which develop constant 
pressure drops due to the constant flow from the flow control station. These three water supplies 
plus the exhaust water header are the four operating pressures of the control rod drive hydraulic 
system. A crosstie of the Unit 2 and Unit 3 CRD hydraulic systems is provided on the discharges of 
the CRD pumps.  

The CRD hydraulic line, which penetrates primary containment at Unit 2 Penetration X-139B, is 
used during reactor shutdowns to test the Reactor Recirculation Pump Seals. During normal reactor 
operations, this line is isolated by containment isolation valves. The heatup of the drywell during a 
postulated loss-of-coolant-accident could, in turn, heat up the volume of liquid trapped between the 
containment isolation valves. Heatup of this trapped volume could overpressurize and fail the 
associated piping, creating a bypass path for the primary containment. To prevent the potential 
overpressurization of this piping, a relief valve has been installed between the containment isolation 
valves to protect against the consequences of thermal expansion of the trapped fluid.  

The CRD hydraulic lines which penetrated primary containment at Penetration X-139B (Unit 2) and 
X139C (Unit 3) are used during reactor shutdowns to test the Reactor Recirculation Pump seals.  
During normal reactor operation, these lines are isolated by containment isolation valves. The 
heatup of the drywell during a postulated loss-of-coolant-accident could, in turn, heat up the volume 

of liquid trapped between the containment isolation valves. Heatup of this trapped volume could 
overpressurize and fail the associated piping, creating a bypass path for the primary containment.  
To prevent the potential overpressurization of this piping, a relief valve has been installed between 

the containment isolation valves to protect against the consequences of thermal expansion of the 
trapped fluid.  

The CRD hydraulic system is also identified as an alternate reactor coolant supply during an 
accident as directed by the Emergency Operating Procedures.  

4.6.3.3.2.1 Supply Pump
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The supply pump pressurizes the system. The spare pump is a 100% capacity standby unit.  

Changeover from one unit to the other is manual. Each pump is installed with a suction strainer 

and appropriate isolation valves to permit pump maintenance. The pump is designed to operate at 

the required pressure. The pump discharge pressure is indicated at the pump by a pressure gauge.  

A minimum-flow bypass connection between the discharge of the pump and the condensate storage 

tanks prevents the pump from overheating if the pump discharge valve is inadvertently closed. A 

separate flow bypass line is provided from the common pump discharge header to the condensate 

header used to supply the CRD pumps for Unit 3. The bypass line regulates flow through the 

pump(s) to maintain high pump efficiency. The CRD piping is routed from the CRD pumps in the 

turbine building through the feedwater heater bay to the reactor building and the drive water filters.  

A line tapsff to provide water to the reactor reciroctation -pump seals. t
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The cooling water is monitored by a flow indicator located in the main control room. A differential 

pressure indicator indicates the difference between reactor pressure and cooling water pressure.  

Control rod drive temperatures are recorded in the control room.  

4.6.3.3.2.6 Exhaust Header 

The exhaust header receives water discharged by the drives during repositioning and returns this 

water to the reactor through the CRDs by way of the cooling water header and back lifting of other 

"121" valves. The piping is sized to maintain a low differential (approximately 5 psi) above reactor 

pressure in this header. A check valve prevents backflow through the exhaust header.  

4.6.3.3.2.7 Hydraulic Control Unit 

One hydraulic control unit (HCU) serves each individual CRD and contains all actuating valves and 

other components required for the normal or scram operation of that CRD. Figures 4.6-9 and 4.6-10 

provide an overall view of an HCU. The 177 HCUs are installed in roughly equal numbers in eight 

rows divided into two banks, one bank on the east side and one bank on the west side of the reactor 

building at ground level, as shown on Drawing M-4. Each bank consists of four rows of HCUs 

arranged back-to-back forming two row-pairs. Principal components of the HCUs are described 
below.  

4.6.3.3.2.7.1 Accumulator 

The accumulator in each HCU is an independent source of stored energy for the scram function of 
the associated drive.  

To assure that it is always capable of producing a scram, the accumulator is continuously monitored 

for water leakage and for nitrogen pressure. A float-type level switch actuates an alarm if water 
leaks past the nitrogen-water barrier and collects in the bottom of the HCU instrument block. A 

pressure indicator and a pressure switch are connected to the accumulator to monitor nitrogen 

pressure. A decrease in nitrogen pressure actuates the pressure switch and sounds an alarm in the 

control room. An isolation valve allows the accumulator instruments to be isolated and serviced.
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4.6.4 Evaluation of the Control Rod Drive System 

4.6.4.1 Scram Effect 

The approved COTRANSA2 computer code, used by Siemens Power Corporation to perform transient 
analyses, contain a 1-D kinetics model to simulate the scram effects. The scram reactivity is 
calculated using Technical Specification rod position versus time.
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The response of the RPS, in combination with the size, heat transfer features, and inherent dynamic 
response characteristics of the core, prevent fuel damage resulting from a reactivity insertion 
accident due to any single equipment malfunction or single operator error.  

4.6.4.2 Control Rod Drive Uncoupling and Control Rod Drop 

The coupling mechanism connecting each control rod to its CRD, which allows for removal of either 
component for maintenance or replacement, creates the potential for accidental decoupling of a 
control rod from its CRD and subsequent drop of a control rod from the active core region.  

The consequences of a postulated control rod drop accident (CRDA) are ultimately mitigated by the 
control rod velocity limiters, discussed in Section 4.6.3.6. The use of planned control rod withdrawal 
sequence, enforced by the rod worth minimizer (addressed in Section 7.7) or an independent verifier, 
further lessens the potential consequences of certain CRDA events. The CRDA is addressed in 
Section 15.4.10.  

4.6.4.3 Control Rod Drive Ejection 

The design of the CRD housing support is based on the assumption that despite the conservatism 
employed in the design of the CRD housing, any one housing could experience instantaneous 
circumferential failure with the reactor vessel at a pressure of 1250 psig.  

All structural components of the CRD housing supports are designed for a load combination of dead 
load, accident jet force (which is equal to the reactor pressure vessel design pressure times the area 
of the support housing), and impact force. For this once-in-a-lifetime load condition the design 
stresses are 150% of the AISC normal allowable stresses. The deflection is limited to a maximum of 
3 inches, which is about one half of one CRD notch movement.  

When the supporting system is installed, a gap of about 1-inch is provided between the lower grid 
clamps and the contact surface on the CRD flanges. During system heatup, this gap is reduced due 
to a net downward expansion of the housings with respect to the grid clamps. In the hot operating 
condition, the gap is approximately '/4-inch.  

The downward travel of the housing following the assumed housing failure is the sum of the initial 
gap, plus the elastic deflection of the supporting structure under dynamic loading. The support 
system limits the total downward movement of the drive and housing to 3 inches under the worst 
case conditions assuming an initial gap of approximately 1 inch. The total deflection would normally 
be substantially less than 3 inches because an operating gap of '/4-inch exists between the lower 
support plates and the contact surface on the control drive flange. Thus, the drive movement 
following a housing failure, is always less than one normal drive notch position.
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The reactor vessel and its appurtenances are addressed in Section 5.3. Items of discussion include 
the vessel materials of construction, compliance with fabrication codes and regulatory guides, and 
methods of fabrication. Sensitized stainless steel and intergranular stress corrosion cracking 
(IGSCC) associated with the safe ends and vessel internal brackets are addressed in Section 5.3; the 
reactor vessel materials surveillance program for the shift in the nil ductility transition (NDT) 
temperature is also covered in Section 5.3. The NDT temperature effect on the pressure
temperature operating curves is also addressed. Compliance with the intent of 10 CFR 50, 
Appendices G and H is also addressed.  

The associated systems interfacing with or acting as a part of the RCS are addressed in Section 5.4.  
The systems and/or components discussed are the reactor recirculation system, the hydrogen water 
chemistry system, the isolation condenser, the main steam line isolation system and flow restrictors, 
the-reactor shutdown cooling system, the reactor water cleanup system, arid the main steam line and 
feedwater piping up to and including the outermost isolation valves. The main steam system, 
feedwater system, and condensate system are addressed in more detail in Chapter 10.  

5.1.1 Schematic Flow Diagram 

The typical reactor coolant system is shown in Figure 5.1-1. Nominal flowrates, temperatures, and 
pressures for both units are listed. Coolant volumes are listed in Table 5.1-3.  

5.1.2 Piping and Instrumentation Diagrams 

The P&IDs applicable to the RCS and connected systems are identified in Table 5.1-2. This table is 
organized according to the drawing topic first and then the applicable unit.  

5.1.3 Elevation Drawings 

The elevation drawings and plan view section drawings for the RCS and other associated equipment 
are addressed in Drawings M-2 through M-10, M-2A, and M-10A through M-10E.
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APPLICAB 

Main steam piping 

Standby liquid control 
piping 

Condensate piping 

Condensate booster 
piping 

Reactor feed piping 

Pressure suppression 
piping 

Reactor recirculation 
piping 

Core spray piping 

Isolation condenser 
piping

Table 5.1-2 

LE REACTOR COOLANT SYSTEM P&IDs 

Unit 2 Unit 3 

P&ID No. P&ID No.  

M-12 M-345 

M-33 M-364

M-15 

M-16

M-348 

M-349

M-14 

M-25

M-347 

M-356

M-26 M-357

M-27 

M-28

M-358 

M-359
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the five original electromatic relief valves was replaced with a Target Rock dual-purpose safety relief 
valve.  

Analyses for the turbine load rejection reactor scram and pressure scram situations determined that 
one valve would satisfy all requirements if credit for a turbine load rejection reactor scram was 
allowed and that five valves would be the minimum required if credit for the pressure scram (which 
is a backup to the turbine load rejection reactor scram) was allowed.  

Figure 5.2-1 shows the expected pressure peaks for the units that would result as a function of the 
number of safety valves for the turbine trip without bypass transient. The curves illustrate various 
peak reactor pressures for a given number of operable safety valves for the cases of no scram, 
pressure scram, flux scram, and turbine load rejection.  

Using the above determined minimum capacities, a reliability analysis was conducted. Figure 5.2-2 
shows some of the results of this analysis. Plotted on the figure are curves showing the probability of 
exceeding the ASME Code limits versus the number of safety valves installed. The curves are the 
mean values between the best and worst reliability data for the different scram or no-scram 
conditions, where 10.6 means exceeding code once in a million incidents. The 10.5 threshold value is 
an IEEE-recommended scram reliability figure applied to the nuclear industry.  

As stated previously, only three valves are required to meet ASME Code requirements. Eight valves 
provide relief in excess of 50% of turbine design steam flow. (The Target Rock safety relief valve is 
not included, therefore, considering this valve results in additional conservatism.) The additional 
valves provide further pressure relief margin and increase the reliability of the safety valve system.  
The GE engineering design is well within the ASME pressure protection requirements when only the 
slower pressure scram rather than neutron flux scram is operative, thus adding conservatism to the 
design. In addition, the eight safety valves assure that the probability of the safety valve system 
(with scram credit) exceeding the code limits is less than the recommended value of 105.  

Although only three safety valves are needed to meet ASME code requirements, the MSIV closure 
analysis (Section 15.2.4.2) performed for each reload cycle may use more than three safety valves.  
Other parameters used in cycle specific analysis may also have different values than in the original 
design (see cycle specific parameters). This is done because the purpose of the MSIV closure analysis 
is to demonstrate ASME code compliance with the current plant configuration and not to verify 
original design basis.  

5.2.2.2.2 Relief Valve Sizing 

The relief valves were sized by assuming a turbine trip with trip scram but with a failure of the 
turbine bypass system. The results for this transient from 2527 Mwt operating conditions are shown 
in Figures 5.2-3 and 5.2-4. The sudden closure of the stop valves with no initial bypass flow 
effectively doubles the initial rate of increase of primary system pressure. Scram is initiated 
immediately from the stop valve closure. Neutron flux would peak near 375% about 3.2 seconds 
after the start of stop valve closure. Core average surface heat flux would dip initially due to the 
quick increase of moderator temperature and would reach a subsequent maximum value of 106.5% 
at about 0.93 seconds.  

The pressure rise would reach the lowest relief valve setpoint at 3.2 seconds, and vessel pressure 
would peak at 1329 psig about 6.6 seconds after the trip. Peak pressure in the steam line at the 
safety valve location would be 1307 psig in 7.2 seconds and is 67 psi above the lowest safety valve 
setpoint of 1240 psig; therefore,
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shows the corresponding flows for the safety valves, including the Target Rock safety valve.  

5.2.2.2.4 Loadings and Analyses 

The four electromatic relief valves and the Target Rock combined safety relief valve for each unit 

have separate discharge lines from the valve to the torus where the lines discharge through a T

quencher under the water surface. The discharge loadings and reactions of the relief valves and the 

subsequent analyses are addressed in Section 3.9 which also includes the relief valve discharge line 

transient analyses.  

5.2.2.2.5 Safety Relief Valve Discharge Line Vacuum Relief Devices 

There are two vacuum relief devices on each of the five relief valve discharge lines. These devices 

relieve the vacuum created upon steam condensation in the line so that the column of water at the 
line outlet is minimized.  

5.2.2.3 Piping and Instrumentation Diagrams 

The piping and instrumentation diagrams are presented in Drawings M-12, Sheet 1, M-25, and 

M-345, Sheet 1.  

5.2.2.4 Equipment and Component Description 

Four of the five reactor relief valves are electromatic and are actuated automatically on a high 

reactor vessel pressure (two at a less than or equal to 1112 psig and two at less than or equal to 
1135 psig). They can also be operated manually from the control room. The fifth relief valve is a 

Target Rock safety relief valve which also actuates automatically on a high reactor vessel pressure or 

upon a manual signal from the control room. This valve has a relief setpoint of less than or equal to 

1135 psig and a safety setpoint of 1135 psig. The blowdown from each relief valve is routed through 

a separate line to the torus and discharge below the surface of the water through a T-quencher. For 
protection against small line breaks, actuation of the relief valves also occurs from coincident signals 

of low-low water level, high drywell pressure, and LPCI or core spray pump discharge pressure of at 

least 100 psig. See Section 7.3.1.4 for more details on the control logic. Actuation of the relief valves 

by the ADS is governed by a 120-second delay timer. This protection, redundant to the HPCI 
system, is discussed more fully in Section 6.3.  

The reactor relief valves are located on the steam lines upstream of the first isolation valves. There 

are two independent sensor systems supplying the signals to all valves to operate, and all valves are 

powered by the same power source, which is separate from the HPCI power source.
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Each of the four relief valves and the dual-function safety relief valve discharge to the torus via 
dedicated (one per valve) relief valve discharge lines (RVDLs). Analyses have shown that upon valve 
closure, steam remaining in the RVDL can condense, thereby creating a vacuum which draws 
suppression pool water up into the discharge line. This "elevated water leg" condition is quickly 
alleviated by operation of the vacuum breakers on the RVDLs; however, the condition is of concern 
since a subsequent actuation in the presence of an elevated water leg can result in unacceptably high 
thrust loads on the discharge piping.  

To prevent these unacceptable loads, the setpoints, control logic, and administrative controls for the 
relief and the safety relief valves have been designed to ensure that each valve which closes remains 
closed until the normal water level in the RVDL is restored. Prevention of these unacceptable loads 
is accomplished by first establishing opening and closing setpoints such that all pressure-induced 
subsequent actuations (after the first actuation) are limited to the two lowest set valves (203-3B and 
203-3C). These two valves which are on separate steam lines are equipped with additional logic 
which functions in conjunction with the setpoints to inhibit valve reopening (via reactor 
repressurization or the automatic depressurization system) for at least 8 seconds following each 
closure. (This time delay compares with a calculated worst-case elevated water leg duration time of 
6.3 seconds.) Administrative controls ensure an operator does not operate the valve manually. This 
combination of setpoint selection, control logic design, and administrative controls is sufficient to 
ensure that no credible scenario can result in actuation of a relief or safety relief valve in the 
presence of an elevated water leg.  

The reactor safety valves are located on the steam lines inside the primary containment. They are 
balanced, spring-loaded-type safety valves which discharge directly to the drywell atmosphere. The 
safety valves are the final protection against overpressurizing the vessel and are sized to prevent the 
reactor pressure from exceeding the pressure limitations specified in the ASME Code. Sizing of the 
safety valves (see Section 5.2.2.2.3) assumed credit for either a flux or pressure scram of the reactor 
from full power but took no credit for the electromatic relief valves following closure of the MSIVs.  
The number of valves with their setpoints and capacities are listed in Table 5.2-1.  

5.2.2.5 Mountina of Pressure Relief Devices 

The relief valves, the safety valves, and the safety relief valve are mounted on the steam lines 
upstream of the isolation valves inside containment. These valves are flange mounted for ease of 
compliance with the testing requirements specified in the Technical Specifications. Distribution of 
these valves among the four steam lines on each unit is shown in Drawings M-12, Sheet 1 and 
M-345, Sheet 1.  

5.2.2.6 Applicable Codes to Maintain Reactor Coolant Pressure Boundary Structural Integrity 

The structural integrity of the RCPB is maintained at the level required by ASME Section XI. The 
component inservice inspection (ISI) program, updated every 120 months, is performed in accordance 
with ASME Section XI rules as required by 10
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CFR 50.55a(g), except where specific written relief is approved by the NRC pursuant to 10 CFR 
50.55a(g)(6)(i).  

5.2.2.7 Material Specification 

Reactor coolant pressure boundary materials, including materials for the overpressurization 
protection system, are addressed in Subsection 5.2.3.  

5.2.2.8 Process Instrumentation 

The process instrumentation for the safety valves, the relief valves, and the safety relief valve is 
shown in Drawings M-12 and M-345. Acoustic monitors provide position indication and leakage 
detection (see Section 5.2.5.7) for all relief and safety valves. Temperature monitors with a range of 
0 to 600°F provide additional backup information on all relief and safety valves.  

5.2.2.9 System Reliability 

Safety valve and relief valve sizing uses very conservative assumptions. The safety valve sizing 
relies on relief valve availability, turbine bypass valves, and the method of reactor scram. Further 
discussion about failures and their effects are addressed in Section 15.2.  

5.2.2.10 Environmental Equipment Qualification 

Environmental equipment qualification (EQ) testing was performed to verify the operability of the 
electromatic main steam relief valves actuators under accident conditions. See Section 3.11 for 
additional details on equipment qualification.  

5.2.2.11 Inspection and Testing 

Dresden Station has a preventive maintenance program for the relief valves. The Technical 
Specifications delineate the requirements such that one-half of the safety valves shall be bench
checked each refueling outage, and all relief valves shall be checked for set pressure each refueling 
outage. In addition; the pressure switches that actuate the Electromatic Relief Valves, including 
Target Rock Valve, are calibrated periodically to ensure drift errors are held within specified limits.  
Inservice inspection is performed as required by ASME Section XI and the station's inservice 
inspection program. Additional details of the station's inservice inspection program is discussed in 
Section 5.2.4.
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5.2.3 Reactor Coolant Pressure Boundary Materials 

5.2.3.1 Material Specifications 

The principal pressure-retaining materials and the appropriate material specifications for the 
reactor coolant pressure boundary components are defined in GE design and purchase specifications 
or in the specifications of other suppliers of RCPB components. Typical ASME or ASTM material 
specifications for some components are given in Table 5.2-2.  

Stainless steel material in the reactor vessels which were subjected to stress-relieving heat 
treatment are given in, Table 5.2-3. The Unit 2 reactor vessel entered service with the safe ends in 
this furnace-sensitized condition. Some of the furnace-sensitized stainless steel in the Unit 2 reactor 
vessel (see Table 5.2-4) has since been replaced. The material remaining is shown in Table 5.2-5.  
Material failure reports were received that led to a decision to change the material condition for the 
Unit 3 reactor vessel. As a result of the extensive modifications listed in Table 5.2-6, the Unit 3 
reactor vessel entered service without much of the sensitized stainless steel exposed to the reactor 
coolant, liquid or steam. The two vessel 28-inch recirculation outlet safe ends were replaced during 
the time that the recirculation loops were replaced (see Table 5.2-7).  

Replacement of stainless steel recirculation piping material at Unit 3 was accomplished using Type 
316 NG with maximum contents of 0.02 wt.% carbon and 0.10 wt.% nitrogen (0.06 wt.% nitrogen 
minimum). This material meets the ASME Code strength requirements for regular grades of Type 
316 stainless steel and the guidelines set forth in NUREG-0313, Revision 1. Some reactor vessel 
safe ends as shown in Table 5.2-7 were replaced in Unit 3 (see Appendix 5C).  

5.2.3.2 Compatibility with Reactor Coolant 

The importance of providing and maintaining appropriate water chemistry conditions in the reactor 
coolant of BWR nuclear power plants is well established and have been emphasized by the NRC in 
Generic Letter 88-01. During the 1980's, most operating BWRs experienced pipe cracking problems 
that resulted in significant loss of availability and increased the total personnel radiation exposure 
associated with inspection and repair. The cause of these problems has been intergranular stress 
corrosion cracking (IGSCC) which results from the simultaneous occurrence of an aggressive 
environment, particular materials, and stress conditions. A contributing cause of these problems has 
been the formation of locally corrosive environments as the result of the ingress of impurities during 
operation. EGC has implemented a water chemistry program at Dresden to help control IGSCC.  

During normal reactor operation at power the reactor coolant conductivity (see Technical 
Specification 3/4.6) is less than or equal to 5 Vmho/cm and the chloride ion concentration is 
maintained at less than or equal to 0.5 ppm. Other parameters for the reactor coolant are included 
in the Technical Specifications. The reactor coolant makeup water supply is from the condensate 
storage tanks. The typical water quality in the condensate storage tanks is listed in Table 5.2-7.
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5.2.3.2.1 Boilina Water Reactor Water Chemistry 

The BWR water chemistry control program establishes achievable ranges for water chemistry 
parameters where initiation and growth of IGSCC is mitigated. Compliance with the program's 
impurity concentrations has been shown to reduce the rate of IGSCC and reduce the probability of 
initiating new cracks. The initial data indicated that IGSCC in the reactor recirculation piping was 
mitigated by controlling the impurity concentrations within achievable ranges combined with 
injection of hydrogen into the feedwater to reduce free oxygen. This approach to the prevention of 
cracking is called hydrogen water chemistry (HWC).  

In addition to reducing IGSCC, the appropriate control of water chemistry also assists in controlling 
radiation'buildulv, minimizing fuel failure, and minimizing damage to the turbine caused by water 
chemistry.  

Specific corporate water chemistry control requirements have been implemented at Dresden. These 
requirements reflect the current understanding of the role of chemical transport, impurity 
concentration, materials of construction, corrosion behavior, chemical analytical methods, and 
industry practice regarding the operation and integrity of the reactor coolant system. The specific 
requirements were primarily taken from the BWR Owners Group and Electric Power Research 
Institute Water Chemistry Guidelines, '1.2 existing GE chemistry guidelines, and addressed the 
known or suspected contaminant concerns at EGC's BWRs.  

The HWC program (see Section 5.4.3 for details concerning the hydrogen addition system) has been 
in use at Dresden Unit 2 since 1983. The HWC Program was implemented on Dresden Unit 3 in 
1996. Hydrogen water chemistry has been demonstrated in industry programs to effectively 
mitigate IGSCC.
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Noble Metal Chemical Addition (NMCA) has been developed by General Electric as a method to 

enhance the effectiveness of the Hydrogen Water Chemistry (HWC) in mitigating Intergrannular 
Stress Corrosion Cracking (IGSCC) in vessel components. Additionally, use of the NMCA will lower 

injection rates of the HWC, which in turn reduces plant radiation exposure over the life of the plant.  

The NMCA process deposits a very thin layer of noble metals onto all wetted surfaces of the vessel 
during the injection process. The treated surfaces will behave catalytically and promote oxidant
hydrogen recombination. This results in low corrosion potential of components at low hydrogen 
injection rates. Higher reactor water conductivity is anticipated during application due to the effect 
of non-corrosive noble metals.  

The Reactor Coolant System chemistry limits are listed in Table 5.2-9.  

5.2.3.2.1.1 Training 

A training program for personnel involved in water chemistry control is required in order to 
implement the corporate policy. The goal of this program is to improve the overall awareness among 
station personnel regarding the need for chemistry control. Personnel required to be trained include 
all chemistry staff, chemistry technicians, licensed operators, and selected technical staff and 
maintenance personnel.  

5.2.3.2.2 Compatibility of Construction Materials with Reactor Coolant 

The materials of construction exposed to the reactor coolant consist of the following: 

A. Solution-annealed wrought, forged, and cast austenitic stainless steels Types 304, 304L, 
316, 316L, and 315NG; 

B. Furnace-sensitized and heat-affected wrought and forged austenitic stainless steels 
Types 304, 304L, 316, 316L, and 316NG; 

C. Nickel base alloys - Inconel 600 and Inconel 750X; 

D. Carbon steel and low-alloy steel (forged, wrought, and cast); 

E. Some 400-series martensitic stainless steel (all tempered at a minimum of 1100'F); 

F. Colmonoy and Stellite hardfacing material; 

G. Type 308, 308L, 309, and 309L stainless steel, Inconel 82 and Inconel 182, and ENiCrFe
3 weld filler metal; 

H. Type 308 and 308L weld overlay material or corrosion resistant cladding material; and 

I. Inconel 82 or Inconel 182 weld filler metal.  

These materials of construction, with the exception of the furnace-sensitized and heat-affected 
wrought and forged austenitic stainless steel Types 304, 316, 304L, 316L, and 316NG; Inconel 600; 
and Inconel 182, are generally resistant to stress corrosion cracking when exposed to the reactor 

coolant. The as deposited weld and cast materials with at least 5% delta ferrite content are 
considered to be resistant to IGSCC. General corrosion of these materials, except carbon and low
alloy steel, is negligible. Conservative corrosion allowances are provided for all exposed

5.2-10

Rev. 4



DRESDEN - UFSAR

Chemical analyses are required to verify that the leachable sodium, silicate, and chloride in this 
insulation are within acceptable levels. The insulation is packaged in waterproof containers to avoid 
damage or contamination during shipment and storage.  

Reactor coolant is high-purity, demineralized water without additives. As such, it is compatible with 
insulation materials and is not known to cause detrimental effects on materials of construction 
during leakage.  

5.2.3.3 Fabrication and Processing of Ferritic Materials 

This subsection describes the fabrication- and- processing of ferritic materials'. The control of welding 
processes and material fracture toughness are addressed.  

5.2.3.3.1 Fracture Toughness - Reactor Pressure Vessel 

Fracture toughness data for the plate steel used in fabricating the reactor vessel shell and closure 
heads were obtained as required by the General Electric Specifications (see Appendix 5A). Since 
fabrication of the vessel, different acceptance criteria have been issued, as well as 10 CFR 50, 
Appendix G, which require that pressure-temperature limits be established for reactor coolant 
system heatup and cooldown operations, inservice leak and hydrostatic tests, and normal reactor 
operation. These limits are required to ensure that the stresses in the reactor pressure vessel (RPV) 
remain within acceptable limits. They are intended to provide adequate margins of safety during 
any condition of normal operation, including anticipated operational transients.  

Specific pressure-temperature limits, which indicate EGC's commitments regarding Generic Letter 
88-11 and Regulatory Guide 1.99, Revision 2, are presented and discussed in Section 5.3.2.  

5.2.3.3.2 Fracture Toughness - Reactor Coolant Pressure Boundary Components Exclusive of 
Reactor Pressure Vessel 

Fracture toughness requirements were not generally required by the piping and component codes 
unless the purchase specifications stated the requirement. The systematic evaluation program for 
Dresden Unit 2 examined the requirements for some of these components.  

The relief valves (electromatic and Target Rock) and the safety valves were exempted from fracture 
toughness requirements because ASME Section III, 1965 Edition, did not require impact testing on 
valves with inlet connections of 6 inches or less nominal pipe size.  

Main steam isolation valves were also exempted from fracture toughness requirements because 
ASME Section III, 1965 Edition with Summer 1965 Addenda, did not require brittle fracture testing 
on ferritic pressure boundary components
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5.2.3.4.1.1 Avoidance of Sianificant Sensitization 

Solution-annealing of stainless steel, whether the low carbon grades of Type 304L or normal Type 
304, eliminates sensitization. Solution annealing of assembly welds or the use of Type 308L 
corrosion resistant cladding on the interior weld and heat-affected zone surface minimizes the effects 
observed from sensitization.  

5.2.3.4.1.2 Electroslag Welds 

The reactor vessel fabrication report on electroslag welding (compared to Regulatory Guide 1.34) is 
contained in Appendix 5B.  

5.2.3.5 Intergranular Stress Corrosion Cracking 

The Unit 2 reactor vessel entered service with furnace-sensitized material exposed to the reactor 
coolant (see Table 5.2-3). The Unit 3 reactor vessel underwent several modifications to the furnace
sensitized material such as replacement of the safe ends (see Table 5.2-6) to mitigate IGSCC before 
entering service. Generic Letter 88-01, "NRC Position on IGSCC in BWR Austenitic Steel Piping," 
dated January 25, 1988, provides the NRC staff position and guidelines concerning the piping 
materials used for the RCPB such as the Unit 3 reactor recirculation system piping which was 
replaced in the 1980's.  

5.2.3.5.1 Program to Mitigate Intergranular Stress Corrosion Cracking 

EGC is pursuing an integrated program to mitigate IGSCC. This program is in compliance with the 
requirements of Generic Letter 88-01; Generic Letter 88-01, Supplement 1; and NUREG-0313, 
Revision 2. Additionally, Dresden Station has committed to replacing IGSCC susceptible piping in 
the non-safety related portion of the RWCU system. The Unit 2 replacement was completed during 
D2R14. The Unit 3 replacement will be performed during D3R14.  

5.2.3.5.2 Augmented Inspection Programs 

EGC's augmented inspection program for IGSCC conforms basically to the NRC positions on 
inspection schedules, methods, personnel, and sample expansion delineated in Generic Letter 88-01.  
Any variances from the NRC staff positions are reviewed and approved by the NRC.  

EGC has an inspection program in place to monitor carbon steel piping systems for wall thinning in 
response to the NRC Generic Letter 89-08, "Erosion/Corrosion - Induced Pipe Wall Thinning."'"'"3 The 
feedwater system piping is examined in accordance with NSAC-202L. See Section 10.4 for further 
coverage of the feedwater system. The main steam line is exempted because it operates with dry or 
saturated steam and has little to no susceptibility to erosion/corrosion.
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5.2.3.5.3 Technical Specification Amendment 

The inservice inspection (ISI) program, in lieu of the Technical Specifications, contains a statement 

of EGC's conformance with Generic Letter 88-01 and NUREG-0313, Revision 2!" 

5.2.3.5.4 Improved Leak Detection 

Leakage detection limits and time periods were changed to reflect that the reactor coolant system 

leakage shall be limited to a 2-gal/min increase in unidentified leakage within any 24-hour period.  

The leakage shall be monitored and recorded at least once per shift, not to exceed 12 hours. If this,, 

leakage limit is exceeded, the unit shall start an orderly shutdown within the next 12 hours for 

inspection and corrective action. At least one primary containment sump collection and flow 

monitoring system shall be operable. With the primary sump collection and flow monitoring system 

inoperable, the inoperable system must be restored to operable status with 24 hours or the unit must 

immediately initiate an orderly shutdown.  

5.2.3.5.5 NRC Notification 

The NRC will be notified of the following conditions identified during examinations in accordance 

with Generic Letter 88-01: 

A. Flaw indications exceeding the acceptance criteria of applicable ASME Section XI, 

Subsection IWB-3500; 

B. A change found in the condition of the welds previously known to have flaw indications; 

and 

C. The evaluation by the EGC Engineering Department for the above conditions for 

continued operation and/or the necessary corrective action to be taken.
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H. A seismic analysis was performed on those portions of piping within the containment.  

I. Third party inspection was provided for all piping between the vessel and the first 

isolation valve to assure code compliance.  

5.2.4.3 Arrangement and Accessibility 

Accessibility and radiation exposure are two of the factors studied on all of the equipment in both 

units subject to inservice inspection.  

In so far as possible, the ISI program complies with the ASME Section XI, 1989 Edition (as allowed 

by the NRC), and the July 31, 1991, issue of 10 CFR 50.55a. Due to the early design of these units, 

certain requirements cannot be met; therefore, relief requests have been submitted to the NRC for 
evaluation and acceptance."' 

5.2.4.4 Examination Technique and Procedure 

The examination technique, procedure, and the evaluation criteria for ISI are governed by ASME 

Section XI and the station's ISI program.  

5.2.4.5 Inspection Intervals 

The ISI program consists of the examination and inspection of Class 1, 2, and 3 components and 

systems on a 10-year program. The current 10-year interval is from March 1, 1992, through 
February 28, 2002.1" 

5.2.4.6 Examination Categories and Requirements 

The Dresden Technical Specifications require the performance of ISI in accordance with ASME 

Section XI as required by 10 CFR 50.55a(g).  

5.2.4.7 Evaluation of Examination Results 

The standards for evaluation of the examination are as required by the ISI program"' and the 

requirements of ASME Section XI and include any other requirements as imposed by Generic 

Letters 88-01 not related to Section XI.
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drywell equipment drain sump. The leakage from each electromatic relief valve is routed past its 
thermocouple and then to its discharge line to the torus. The leakage from the Target Rock safety 
relief valve is monitored by a thermocouple in the valve discharge line to the torus. An increase in 
temperature on any of the thermocouples will sound an alarm in the control room.  

5.2.5.4 Flow and Pressure Switches 

Each of the reactor recirculating pumps is equipped with flow switches which will actuate an alarm 
in the control room on excessive seal leakage.  

A pressure switch will alarm if failure of the-inner 0-ring takes place on the reactor.vessel Both the 
flow switch alarms and the pressure switch alarm are leak location systems.  

5.2.5.5 Floor and Equipment Drains 

In the case of a steam leak, essentially all of the leak will be routed to the floor drain sump as 
condensate from the drywell coolers. In the case of a liquid leak, about 60% will leak directly into 
the floor drain, and 40% will flash to steam and be routed to the floor drain sump as described above 
for steam leaks. Any significant increase can be detected in a few hours.  

5.2.5.6 Location of Leakage in the Drowell 

Once a leak is detected within the drywell by any of the methods covered above, it becomes necessary 
to determine its magnitude and rate of change with time. The smaller the leak, the more difficult it 
becomes to locate its source. However, through the use of the continuous air monitoring system, it is 
possible to detect changes in radioactive nuclides from one 24-hour period to the next. Very small 
leaks are thus possible to detect.  

The systems described below would be used to find the source of leakage. The systems are remote in 
nature and provide a method of cross checking to locate the source of leakage or the area in the 
drywell in which the leak has developed. Chemical analysis of the reactor building sump contents 
aids in determining whether the leakage is from the reactor, the reactor building closed cooling 
water system, or the feedwater system.
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5.2.5.6.1 Air Sample Manifold System 

There are 24 air sampling points for the drywell and one for the torus which provide a means of 
taking air samples from specific areas of the drywell. Four of these sample points (three drywell, one 
torus) have automatic Group II containment isolation valves upstream. The remaining 21 drywell 
sample points have their inboard manual isolation valves locked closed. One of the three drywell 
sample points which have automatic containment isolation capability is equipped for a portable air 
sampler to obtain routine drywell atmosphere samples. A charcoal cartridge and particulate sample 
cartridge are included in the sampling system. Samples may not be taken from the 21 manual 
isolation points unless a person is in continuous communication with the control room and in 
attendance to manually close the isolation valves from the drywell in the event of a Group II 
isolation condition. If sampling from these points is necessary, only one sample point may be open at 
a time. Refer to Section 9.3.2.7 for additional system details. The points sampled are as follows: 

A. Air return from reactor head area; 

B. Airspace around reactor vessel; 

C. Area over each recirculation system valve; 

D. Drywell cooler outlet; 

E. Area of recirculation pump seal (each pump) 

F. Area of main steam and feedwater line penetrations; 

G. Area under reactor vessel control rods; 

H. Openings to control rod area; and 

I. Torus sample.  

The area between the two reactor vessel head O-rings is initially drained and vented. Then the area 
is continuously monitored to provide an indication of leakage from the inner O-ring seal.  

5.2.5.6.2 Deleted.  

5.2.5.6.3 Flow or Pressure Switches 

Each of the reactor recirculation system pumps is equipped with flow switches which actuate an 
alarm in the control room on excessive pump seal leakage. A
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5.2.5.8 Leakage Rate Limits 

The limiting leakage rates are presented in the Technical Specifications. With irradiated fuel in the 
reactor and coolant temperature greater than 212°F, the maximum unidentified leakage is less than 
or equal to 5 gal/min and the total leakage is restricted to less than or equal to 25 gal/min. If either 
of these leakage rates is exceeded, the operational action to be followed is stated in the Technical 
Specifications. These identified and unidentified leakages do not conflict with the leakage addressed 
in Section 5.2.5.1.  

5.2.5.9 Hiah/Low Pressure Interface 

The core spray system and low pressure coolant injection system are monitored for reactor coolant 
system leakage into the system by pressure switches located in the pumps discharge lines. These 
switches activate a high-pressure alarm in the main control room when the line pressure exceeds the 
alarm setpoint. The shutdown reactor cooling system has pressure indication in the main control 
room of the pump discharge lines to alert the operators of reactor coolant system leakage. The core 
spray system and low pressure coolant injection system lines are protected by relief valves which are 
tested in accordance with ASME Section XI. The Shutdown reactor cooling system lines beyond the 
double isolation valves are protected by relief valves (tubeside of the heat exchangers) which are 
tested in accordance with the state of Illinois pressure vessel inspections.  

5.2.5.10 Compliance with Regulatory Guide 1.45 

The various leak detection systems and capabilities, as described herein, detect RCPB leakage, both 
identified and unidentified. These sensitive and diverse systems meet the acceptance criteria of 
Regulatory Guide 1.45.  

5.2.6 Detection of Leakage Beyond the Reactor Coolant Pressure Boundary 

This section addresses only those portions of the steam and feedwater lines external to the drywell.  

The area of concern for the steam lines is between the drywell penetration and the turbine stop 
valves and for feedwater lines between the drywell penetration and the outlet valve of the D 
feedwater heaters. This piping of concern is contained in a compartment called the steam tunnel 
and other portions are located in the turbine building.  

Various remote leak detection and leak location systems have been provided so the operator has the 
necessary information to determine that a leak has developed and its possible source. A backup 
system is also provided which automatically takes action if a serious leak were to occur.  

A temperature monitoring system is employed in the steam tunnel. There are four thermocouples 
located in the vicinity of the main steam isolation pilot valves; any one of the four will alarm in the 
main control room on high temperature.
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As an automatic backup system to handle larger steam and feedwater leaks, a system is employed 
which will send a trip signal to Group I isolation valves. These valves are the main steam isolation 
valves, main steam line drain, isolation condenser steam vent line, and recirculation sample line 
valves. Closure of the main steam isolation valves will scram the reactor at reactor pressure greater 
than 600 psig.  

The system consists of 16 temperature switches (four per steam line) located within the steam 
tunnel. Four switches are used in each instrumentation subchannel. Two subchannels form one trip 
channel. The logic is one-out-of-two-taken-twice.  

For steam lines in the turbine building, a temperature monitoring system is also employed. There 
are four thermocouples located in the vicinity of the steam header and bypass valves; any one of the 
four monitors will alarm in the main control room on high.temperatures.  

Air sampling is performed by means of a remote leak detection manifold sampling system. Various 
sample points in the turbine and radwaste buildings are provided for air sampling, many of which 
are in areas containing steam lines. See Section 9.3.2 for description of process sampling systems.  

For both units, the use of various temperature monitoring and air sampling systems provide an 
effective means for the detection of small leaks for all steam and feedwater piping external to the 
drywell. Once a leak has been detected, increased surveillance of the affected area would be 
initiated to monitor the rate of leakage change. With electrical distribution system conditions 
permitting, a load reduction would be made so that personnel could enter into the area to locate the 
leak. Once the leak is located, an assessment can be made for the next course of action: repair the 
leak, isolate the affected section, or shut the unit down if the source of leakage presents a problem to 
plant safety.  

5.2.6.1 Floor Drain Sumps 

Floor drain sumps (with a volume of 1000 gallons each) and pumps are provided within the 
secondary containment (reactor building). Leakage from fluid-carrying systems is detected by an 
increased frequency of sump pump operation, increased input to the radwaste floor drain collector 
system (see Section 11.2), or high water level in the sump with ultimate annunciation in the control 
room. Floor drain sumps and pumps are also provided in the turbine building.  

5.2.6.2 Area Radiation Monitoring 

Area and ventilation radiation monitors are provided throughout the plant equipment and operating 
areas. Activity levels are indicated in the control room. These monitors can detect leakage from 
radioactive sources. Leakage is detected by an increased level of activity beyond normal operating 
background with ultimate high activity annunciation in the control room. Further details on area 
radiation monitoring such as monitor location are presented in Section 12.3.4.
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Table 5.2-2 

TYPICAL REACTOR COOLANT PRESSURE BOUNDARY 
MATERIAL SPECIFICATIONS

Reactor vessel 

Reactor vessel closure head studs 
(6-inch diameter, 65-inch length) 

Reactor vessel bottom head 

Control rod housing material penetrating 
bottom head 
Stub material welded to reactor vessel 
and to housing 

Weld filler metal 
Shop weld 
Field weld 

Main steam 
Piping 
Fittings 

Feedwater piping 

HPCI 
Piping 
Fittings 
Pumps 

LPCI 
Heat exchanger shell 
Pumps 

Core spray pumps 
Recirculation pumps

A 302 B Modified (Code Case 1335) 

SA 320 Gr L43 (Code Case 1335) (Material 
similar to 4340) 

SA 302 B Modified (Code Case 1335) 

SA 376 Type 304 or 
SA 312 Type 304 
SB 167 Inconel 600 or SB 166 

ASTM B-295 (ENiCrFe-3 Group F-45) 
Inconel 182 or Inconel 82 

A 106 Gr B 
A 105 

A 106 Gr B 

A 106 Gr B 
A 105 
A 216 Gr WCB 

A 212 Gr B 
A 216 Gr WCB 

A 216 Gr WCB 
AISI Type 304 and 316 stainless steel

Notes;

1. For piping 2" and under, ASTM A335 Grade P11 or P22 may be substituted for 
ASTM A106 Grade B material for the same schedule. For fittings and valves 2" 
and under, ASTM A182 Grade Fli or F22 may be substituted for ASTM A105 for 
the same rating. Substitutions are allowed up to a maximum temperature of 
450'F (operating or design).

(Sheet 1 of 1)
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TABLE 5.2-9

OPERATIONAL MODE(s)

1 

2 and 3

REACTOR COOLANT SYSTEM CHEMISTRY LIMITS 

Conductivity 
Chlorides (amhos/cm @25°C) 

* 0.2 ppm < 0.1 

* 0.1 ppm < 0.2 **

<pH 

5.6 < pH < 8.6 

5.6 < pH < 8.6***

** During Noble Metal Chemical Addition the limit for conductivity is < 20.0 jtmhos/cm @25 0C.  

*** During Noble Metal Chemical Addition the limits for pH are 4.3 < pH < 9.9.
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5.3 REACTOR VESSELS 

This section presents pertinent data on the reactor vessels. Unless otherwise noted, the information 

applies to both vessels.  

The reactor vessel is a vertical cylindrical pressure vessel as shown in Figures 5.3-1 and 5.3-2.  

The control rod drive housings and the incore instrumentation dry tubes are welded to the bottom 

head of the reactor vessel.  

The reactor vessel is supported by a steel skirt. The top of the skirt is welded to the bottom head of 

the vessel. The base of the skirt is continuously supported by a ring girder fastened to a concrete 

foundation, which carries the load through the drywell to the reactor building foundation slab (see 

Figure 6.2-1).  

The reactor vessel head is flanged to the vessel and sealed with two concentric 0-rings. The steam 

outlet lines are from the vessel body, below the reactor vessel flange.  

The structural integrity of the reactor system is maintained at the level required by the ASME 

Section XI. The Systematic Evaluation Program (SEP) Topic V-6 reviewed aspects such as fracture 

toughness, surveillance programs, and neutron irradiation against ASME Section III, 1977 Edition 

including addenda through Summer 1978; 10 CFR 50, Appendices G and H; and Regulatory Guide 

1.99-implemented 10 CFR 50.55a(g) requirements to assure reactor vessel integrity.  

5.3.1 Reactor Vessel Materials 

The reactor pressure vessel (RPV) materials and fabrication methods conform to ASME Section III, 

Class A, 1963 Edition including Summer 1964 Addenda and including code case interpretations 

pertaining to primary nuclear reactor vessels applicable on the date of the purchase contract (see 

Appendix 5A). Inservice inspection (ISI) techniques conform to ASME Section XI with approved 
exceptions as noted in Section 5.2.4.  

5.3.1.1 Reactor Vessel Materials Specification 

The reactor vessel material supplied was ASME SA-302 Grade B, modified in accordance with ASME 

Code Case 1339, Paragraph 1. The nozzles and other attachments are as specified in the purchase 
specification in Appendix 5A.  

5.3.1.2 Special Processes Used for Manufacturing and Fabrication 

The longitudinal weld joints were accomplished using the electroslag welding process. Details of this 

fabrication method are contained in Appendix 5B. Other welding processes, as applicable, were used 
in the fabrication of the reactor vessels.

5.3-1
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controlled. The applicable industry codes and standards for the station, at that time, did not contain 
these rules for brittle fracture.  

A report describing the ductile yielding analysis of the reactor vessel, including a discussion of the 
assumptions, methods of analysis, and conclusions, has been prepared. The report also addresses 
thermal shock and brittle fracture."' 

A comprehensive tabulation of fracture toughness results on the reactor vessel plate material and 
welds is contained in Appendix 5A. Details of the qualification results for the electroslag welds are 
given in Appendix 5B. Section 5.3.2 presents additional details on the provisions for fracture 
toughness evaluations during the operating life of the reactor vessels. Section 5.3.1.6 addresses the 
reactor vessel material surveillance program.  

5.3.1.6 Material Surveillance 

Vessel material surveillance samples are located within the reactor vessel to enable periodic 
monitoring of material properties with exposure. The program includes specimens of the base metal, 
weld metal, and heat-affected zone metal. These specimens receive higher neutron fluxes than the 
vessel wall '/4 T location and, therefore, lead it in integrated neutron flux. About 400 samples were 
initially inserted in the vessel; samples are periodically removed for Charpy V-notch and tensile 
strength tests.  

The reactor vessel is a primary barrier against the release of fission products to the environment. In 
order to provide assurance that this barrier is maintained with a high degree of integrity, a 
materials surveillance program was developed and initiated at the beginning of nuclear operation of 
the reactors. This surveillance program conforms to the requirements of ASTM E185-62 with one 
exception. The base metal specimens of the vessels were made with their longitudinal axes parallel 
to the principal rolling direction of the vessel plate.  

Neutron flux monitors and samples are installed in the reactor vessels adjacent to the vessel wall at 
the core midplane level. The monitor and sample programs, where possible, conform to ASTM E185
62. The flux monitors and metal samples are removed. The flux monitors are tested to 
experimentally verify the calculated values of integrated neutron flux that are used to determine the 
nil ductility transition (NDT) temperature using test data from the metal samples (see Section 5.3.2).  

The withdrawal schedules for both units are shown in Table 5.3-1. The withdrawal schedule is 
based on the three capsule surveillance programs as defined in Section 11.C.3.a of 10 CFR 50, 
Appendix H. The accelerated capsule (near core top guide) is not required by Appendix H but was 
tested to provide additional information on the vessel material. The results of the tests and 
examinations of these samples are used to generate the information addressed in Section 5.3.2.  

In the SEP Topic V-6, reactor vessel integrity was evaluated and the material surveillance program 
was found acceptable.
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Some safe ends have been replaced on Unit 2. These were not replaced prior to unit operation, as on 
Unit 3; rather, the Unit 2 safe ends were replaced during subsequent outages. A list of material in 
the Unit 2 vessel which was originally furnace-sensitized stainless steel (see Table 5.2-3) but which 
has not been replaced is given in Table 5.2-5. The Unit 2 safe ends which have been replaced are 
given in Table 5.2-4.  

The core spray piping out to the second isolation valve, the core spray nozzle safe ends, and the core 
spray thermal sleeves were replaced (see further the discussion in Section 5.2.3).  

Feedwater nozzle cladding cracks were observed during vessel nozzle inspections. The observed 
cracks were caused by thermal cycling which occurred in the annulus between the nozzle and 
sparger thermal sleeve. The stainless steel cladding flaws were ground out and interference fit 
thermal sleeveq~were installed. The final modification to the feedwater nozzle sparger thermal, 
sleeves resulted in the removal of the stainless steel cladding from the feedwater nozzle and 
installation of the dual-seal, triple-sleeve sparger configuration supplied by General Electric and 
recommended by NUREG-0619.  

The temperature of the feedwater nozzles is monitored at several locations and the result is used to 
determine leakage from the thermal sleeves. Routine inspections of the feedwater nozzles and 
spargers are performed in accordance with Table 2 of the NRC SER (TAC M94090) of the BWR 
Owners Group proposed alternate inspections to NUREG-0619 (General Electric report GE-NE-523
A71-0594).  

5.3.2 Pressure-Temperature Limits 

The design temperature for various system components varies according to the specific operating 
condition. The design temperature for the reactor vessel is based on the saturation temperature 
corresponding to the design pressure. Therefore, no specific system temperatures are designated as 
safety or operating limits.  

Neutron radiation exposure above 1017 n/cm 2 (greater than 1 MeV) begins to affect the mechanical 
properties of ferritic steel. The most important consideration is that of the change in the 
temperature below which ferritic steel breaks in a brittle rather than a ductile mode (referred to as 
the NDT temperature). The NDT temperature increases with increasing neutron exposure. ASME 
Section III, N-446 specifies that, for neutron irradiated areas of the vessel, there should be no nozzle 
or other structural discontinuities. The design conditions for determination of the NDT temperature 
is specified in ASME Section III, N-330. Extensive tests have established the magnitude of changes 
in the NDT temperature as a function of the integrated neutron dosage.  

The present pressure temperature operating curves shown in Figure 5.3-3 through 5.3-7 are 
calculated using the methodology and data from Regulatory Guide 1.99, Revision 2.

5.3-7
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E. The recirculation pump casing design code is ASME Section III, Class C. The 
recirculation pumps are classified as machinery and as such are specifically exempt from 
the jurisdiction of any section of the ASME Code or of the USASI Code for pressure 
piping. The Standards of the Hydraulic Institute are the only applicable standards; 
however, they are more cogent to the testing and performance of the pump and 
consequently provide little or no guidance in the areas of casing quality and structural 
integrity. Therefore, to assure that the pump casing will contain pressure which is at 
least equivalent to the reactor vessel pressure, the pump casing was designed in 
accordance with ASME Section III, Class C. This class is used because the pump casings 
do not experience the pressure and temperature transients that the reactor vessel and 
certain piping connections experience and so do not need the cyclic analysis required by 
Class A of ASME Section III.  

5.4.1.2 Description 

5.4.1.2.1 General System Description 

The reactor recirculation system consists of 2 external recirculation pump loops and 20 jet pumps 
internal to the reactor vessel. Each external loop consists of a 28-inch diameter line, a motor-driven 
recirculation pump, two motor-operated gate valves for pump isolation, and required recirculation 
flow measurement devices.  

The recirculation system piping is shown in Drawing M-26 for Unit 2 and Drawing M-357 for Unit 3.  

The recirculated fluid consists of saturated water, rejected from the dryers and steam separators, 
which has been mixed with subcooled feedwater. This flow mixture passes down the annulus area 
between the vessel and the core shroud. About 35% of this flow exits the vessel and goes through the 
two outside driving loops. The other 65% of the flow is the driven flow of the jet pumps. This flow 
enters the jet pumps at the suction inlet and is accelerated by the driving flow from the jet pump 
nozzles.  

Each external recirculation loop discharges high-pressure flow into an external manifold from which 
connections lead to the jet pump nozzles. The driving and driven flows are mixed in the pump throat 
section, resulting in partial pressure recovery. The balance of pressure recovery occurs in the jet 
pump diffusing section.  

The operating instrumentation on the recirculation system includes: 

A. Recirculation pump differential pressure and flow instruments;

5.4-2
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5.4.3.1 Hydrogen Injection System 

5.4.3.1.1 Design Basis 

The hydrogen injection system piping was fabricated, installed, and tested in accordance with ANSI 
B31.1, 1967 Edition. Storage containers were designed, constructed, and tested in accordance with 
the appropriate requirements of ASME Section VIII.  

5.4.3.1.2 Description 

The hydrogen injection system is shown in Drawing M-3658, Sheet 1 and Drawing M-3670 Sheet 3.  

A 20,000 gallon cryogenic tank is used to store liquid hydrogen. The tank consists of an inner vessel 
supported within an outer vessel with insulation provided by the intervening high-vacuum space.  
Vaporization of the liquid hydrogen is achieved by the use of ambient air vaporizers. A hydrogen 
injection line is routed from the liquid hydrogen storage tank to the condensate system. The 
hydrogen is injected into the suction of the condensate booster pumps.  

Injection rate is controlled by Dresden Operating Procedures and is commensurate with industry 
practice.  

5.4.3.1.3 Feedwater Oxygen Injection 

To maintain the Feedwater dissolved oxygen concentration within the specifications as required by 
NOD CY.2 BWR water chemistry controls, Oxygen may be injected into the Feedwater through the 
Turbine Sample Panel Drainline. This evolution is procedurally controlled under a Dresden 
Chemistry Procedure which provides for the controlled addition of small amounts of oxygen via the 
drain of the sample panel as needed to maintain the Feedwater Oxygen Concentration within the 
specifications of NOD CY.2.  

5.4.3.2 Off Gas Oxygen Injection System 

5.4.3.2.1 Design Basis 

The oxygen injection system is designed to add oxygen to the off-gas system to ensure that the excess 
hydrogen in the off-gas stream is recombined so as to prevent a fire in the charcoal adsorbers due to 
a combustible mixture of hydrogen and oxygen.  

The inner vessel of the liquid oxygen tank (see Section 5.4.3.2.2) is designed, fabricated, tested, and 
stamped in accordance with ASME Section VIII, Division 1. The outer vessel is constructed of 
carbon steel and does not require ASME certification.  

The oxygen injection piping (see Section 5.4.3.2.2) is fabricated, installed, and tested in accordance 
with ANSI B31.1.
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5.4.3.2.2 Description 

The oxygen injection system is shown in Drawing M-3658, Sheet 2.  

A 11,000-gallon cryogenic tank is used to store liquid oxygen. The tank consists of an inner vessel 
supported within an outer vessel with insulation provided by the intervening high-vacuum space.  
Vaporization of the liquid oxygen is achieved by the use of ambient air vaporizers. An oxygen 
injection line is routed from the liquid oxygen storage tank to the off-gas system. The oxygen 
injection line is equipped with an oxygen flow control station. Oxygen is injected upstream of the 
first stage steam jet air ejector on Unit 2 and downstream of the Booster Steam Jet Air Ejector on 
Unit 3.  

5.4.3.3 Control and Instrumentation 

The hydrogen injection and oxygen injection systems are controlled from a main control panel in the 
control room. There are local controls for shutdown of the systems.  

One hydrogen injection valve in the hydrogen injection line to each condensate booster pump allows 
hydrogen injection to that pump when the following conditions are met: 

A. The condensate booster pump is running and 

B. All conditions are satisfied for operation of the system.  

The recombiner bed temperature is indicated on the recombiner temperature recorder. A high 
temperature recorded in this panel recorder may be an indication of excess hydrogen injection flow.  

The excess-flow check valve in the hydrogen and oxygen supply lines will close if flow exceeds the 
setpoint.  

Any one of the following conditions will trip the hydrogen injection system: 

A. Area hydrogen concentrations exceed the setpoint as indicated by the environmental 
explosion meters (hydrogen area monitors); 

B. Low oxygen concentration downstream of the off-gas recombiner (Unit 2 only); 

C. Reactor trip; 

D. Low Feedwater flow 106 lb/hr or less; or 

E. Manual trip at the hydrogen injection control panel.  

F. Hydrogen Flow High (Unit 3 only) 

G. Oxygen Flow Low (Unit 3 only) 

H. Off-gas System Trip (Unit 3 only) 

I. Lo-Lo Oxygen Concentration downstream of the Off-gas recombiner (Unit 3 only) 

J. Hi-Hi Oxygen Concentration downstream of the Off-gas recombiner (Unit 3 only)
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5.4.3.4 Performance Analysis 

The performance/operation of the hydrogen injection system on the Unit 2 Reactor Recirculation 

Water System is determined by measured levels of dissolved oxygen. These dissolve oxygen levels 

are obtained from instrumentation located on Loop B of the reactor recirculation system and on the 

Reactor Water Cleanup filter inlet.  

5.4.3.5 Safety Analysis 

The HWC system is nonsafety-related. This system will not operate during an accident and is not 

needed to mitigatL-thd consequences of an accident. Therefore, there are no environmental : , 

qualification requirements for the system equipment. However, it is recognized that the equipment 

should be qualified for hydrogen use and that special precautions should be taken when dealing with 

the storage, control, and injection of hydrogen gas.  

The hydrogen injection system is designed to reduce the potential hazard to safety-related systems.  

Central storage of hydrogen containers is located outside of the plant buildings so that fire or 

explosion will not adversely affect any safety-related systems or components. Where hydrogen 

piping is routed through safety-related areas, excess-flow check valves are provided upstream of 

these areas to prevent the accumulation of a hydrogen concentration greater than 2% in the event of 

a line break. In addition, each of the areas containing hydrogen piping is provided with a hydrogen 

monitor which will annunciate an alarm to alert the operator and will isolate the hydrogen injection 

system if significant hydrogen concentration in the area is detected.  

Without hydrogen addition to the reactor coolant, the bulk of the N16 formed from the 01" (n, p) 

reaction is quickly converted to relatively nonvolatile anionic species, primarily NO2 and NO•; only 

a small amount of the N'6 goes into the steam. With hydrogen addition, the oxidizing potential of the 

reactor coolant is reduced by oxygen suppression. Thus the proportion of the N"6 converted to more 

volatile species such as NH,, N2, or NO, markedly increases, and the fraction of N16 released to the 

steam rises commensurately. Consequently, higher radiation levels from N" concentrations in the 

steam will occur in the main steam line when hydrogen is added to the feedwater.  

5.4.3.6 Tests and Inspections 

The hydrogen piping system was leak tested with helium at 1000 psig.
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5.4.6 Isolation Condenser 

5.4.6.1 Design Bases 

The performance objective of the isolation condenser is to provide reactor core cooling in the event 
that the reactor becomes isolated from the turbine and the main condenser by closure of the main 
steam isolation valves. To achieve this objective, the isolation condenser was designed for a cooling 
rate of 252.5 x 106 Btu/hr.  

The isolation condenser system is capable of operation without ac electrical power.  

5.4.6.2 Description 

The isolation condenser consists of two tube bundles immersed in a large water storage tank. The 
tubes are Type 304 stainless steel U-tubes. The shell is carbon steel. Drawings M-28 and M-359 
show the isolation condenser system for Unit 2 and Unit 3, respectively. The isolation condenser 
system operates by natural circulation. During isolation condenser system operation, steam flows 
from the reactor, condenses in the tubes of the heat exchanger, and returns by gravity to the reactor 
via the A recirculation loop. The differential water head, created when the steam is condensed, 
serves as the driving force.
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The fire protection system supplies water to the isolation condenser via a 4-inch line, drawing from 
an inexhaustible supply of river water. The fire protection system is normally pressurized by the 
service water system. All service water pumps can be supplied with emergency power by manual 
operation limited only by the diesel generator capacity as discussed in Section 8.3. The Unit 2/3 
diesel-driven fire pump or the Unit 1 diesel-driven fire pump automatically provide a backup supply 
of river water to the fire protection system on low system pressure.  

Isolation condenser makeup water availability subsequent to a seismic event has been considered.  
Assuming loss of offsite power as a consequence of the seismic event, the fire protection system 
would still be available since the diesel-driven fire pump automatically starts if the service water 
system fails to maintain pressure in the fire protection system header. The fire water makeup 
isolation valves are powered from a safety related 250-Vdc bus. The condensate transfer pumps and 
jockey-pump require only the closing of one circuit'breaker to put emergency diesel, ac•.power to their 
bus, and the pumps can then be started. It is emphasized that these two supplies are contained in 
structures designed to meet the Uniform Building code which accounts for earthquake loadings.  
Futhermore, the types of construction used in these systems generally have a low vulnerability to 
seismic failure. Hence, it is highly probable that at least one of these supplies would be available.  
Assuming the loss of off-site power is a consequence of any credible event other than a seismic event, 
the makeup supply from the clean demineralized water storage tank via the diesel driven isolation 
condenser makeup water pumps would be available.  

In the event that makeup supply from the clean demineralized water system is not available, the 
Class I high pressure coolant injection (HPCI) system in the pressure control mode is the next 
preferred method to provide core cooling water to the vessel. Fire water as makeup to the isolation 
condenser is the next, followed by the automatic depressurization, core spray, and LPCI systems.  
Contaminated demineralized water will be used only if absolutely necessary.  

Leakage of reactor water through the heat exchanger tubes can be detected by the two radiation 
monitors on the vent to atmosphere and by changes in water level or water temperature in the 
isolation condenser.  

The isolation condenser requires a minimum level of water to meet its design basis heat load prior to 
makeup. Level indication and level alarms are provided in the main control room. The level 
indication transmitter, which is located in the vicinity of the isolation condenser level sight glass, is 
qualified for the expected station blackout temperature profile. The power supply for the level 
transmitter is supplied from the essential service uninterruptible power supply (UPS).  

Leaks and line breaks in the isolation condenser system are detected by differential pressure 
indication. Unit 2 utilizes elbow taps located in the first elbow of the steam line leaving the reactor 
vessel and in the condensate return line at the elbow closest to the reactor vessel. Unit 3 utilizes 
elbow taps located in the first elbow of the steam line leaving the reactor vessel and an annubar flow 
element in the condensate return line vertical section closest to the reactor vessel. All differential 
pressure switches for the isolation condenser leak detection logic network are located outside the 
primary containment. Local temperature detectors are located in all compartments external to the 
primary containment containing system equipment and piping. The temperature detectors have 
remote readouts with adjustable setpoints and alarm switches which fail safe in the event of power 
loss.
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5.4.7.2 System Design 

The SDCS consists of three partial capacity cooling loops, each containing a pump, a heat exchanger, 
and the necessary valving and instrumentation.  

SDC system design requires the operation of all three loops to perform the design basis 24-hour 
cooling function. Beyond the 24-hour period, system design considers each loop as a redundant loop; 
that is, any one may be valved off. The loss of one loop while in the shutdown mode will have no 
effect after the first 24 hours. If the loss of a loop should occur before this time the reactor will still 
be cooled but not to 125°F in 24 hours. However, plant operating experience has shown that, at only 
8 hours after commencement of normal (main condenser) shutdown, when reactor coolant system 
temperature has decreased to 350 0F, and when the SDCS would normally be put into service, only 
one pump and one heat exchanger (comprising one loop) are necessary for cooldo~n., Thus, there is 
substantial excess capacity.  

As shown in Drawings M-32 and M-363 or in Figure 5.4-22, the SDCS influent is through motor
operated valves from either reactor recirculation loop. The valves, one from each recirculation loop, 
are inside containment, are ac-powered, can be supplied from the emergency diesel generators, and 
are closed until initiation requirements (reactor coolant system temperature less than 350'F) are 
met and operator action is taken.  

The two inlet lines join into one header outside of containment. This header then divides into three 
separate loops, each with a dc-powered, motor-operated pump inlet isolation valve, a pump, a heat 
exchanger, and a dc-powered, motor-operated pump outlet isolation valve. Downstream of the outlet 
isolation valves and still outside containment, the three branches rejoin then divide into two lines, 
each containing an ac-powered, motor-operated isolation valve. The lines connect to the LPCI 
injection lines outside containment. The LPCI injection lines then penetrate containment and 
connect with the reactor recirculation loops. Although the capability exists to permit flow from and 
to both recirculation loops simultaneously, normally only one loop is selected for such service.  

The SDCS cannot be put into service until various interlocks are met. A temperature interlock on all 
four ac-powered isolation valves prevents them from opening until reactor coolant system 
temperature, sensed on both recirculation loops, has decreased to less than 350'F. The ac and dc 
suction valves automatically isolate the SDCS if system temperature, sensed on the recirculation 
loops, increases to 350°F or if a reactor low water level signal is sensed. The recirculation loop 
temperature trip may be bypassed when allowed by Technical Specifications. Each pump has 
interlocks to prevent operation until certain conditions are met. Inlet temperature, as measured in 
the pump branch line, must be less than 350°F, and pump suction pressure must be greater than 4 
psig. If these conditions are not met, the SDCS pumps cannot be started. The pumps trip on a 
temperature increase to 350°F or if suction pressure decreases to less than 4 psig for 7.5 +/- 2.5 
seconds. These interlocks prevent pump cavitation. The 7.5 +/- 2.5 second time delay for the low 
suction pressure trip is necessary to avoid spurious trips of the Shutdown Cooling Pump during 
starting.  

Each SDCS pump and heat exchanger loop is provided with a minimum flow valve to return pump 
discharge flow to the pump suction. Thus, even if the downstream valve were closed while the pump 
was running, the pump would be protected from overheating.
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5.4.8 Reactor Water Cleanup System 

5.4.8.1 Design Bases 

The design objectives of the reactor water cleanup (RWCU) system are to maintain high reactor 

water purity to minimize deposition on fuel surfaces; and, to reduce the secondary sources of beta 

and gamma radiation resulting from the deposition of corrosion products, fission products, and 

impurities in the primary system. To achieve these objectives, the system is designed as follows: 

Unit 2 Unit 3 

Nominal flow capacity 3.25 x 105 lb/hr 6.5 x 10' lb/hr 

Design pressure 1250 psig 1250 psig , 

Vessel Design code ASME Section VIII, ASME Section III, Class C 
reconciled to Section III, 
Class C 

5.4.8.2 System Description 

The RWCU system provides a continuous purification of a portion of the recirculation flow with a 

minimum of heat loss and water loss from the cycle. It can be operated during startup, shutdown, 

refueling operations, and during normal operation.  

As can be seen in Drawings M-30 and M-361 or in Figure 5.4-25, the major components of the RWCU 

system are the regenerative heat exchangers, non-regenerative heat exchangers, demineralizers, a 

surge tank, pumps, and necessary control and support equipment.  

Water is normally removed at reactor pressure from one of the reactor recirculation loops and from 

the reactor vessel bottom drain connection, and is routed through a drywell penetration.  

Containment isolation capability is provided by four motor-operated containment isolation valves; 

one 8-inch valve with a normally closed, 2-inch bypass valve inside containment, and two 8-inch 

valves in parallel outside containment. The 2-inch bypass valve provides a means of gradually 

equalizing pressure around the inboard isolation valve, thereby reducing the possibility of water 

hammer during system startup. All four valves are required as containment isolation valves.  

Downstream of the containment isolation valves the reactor water is cooled in regenerative and non

regenerative heat exchangers. Reactor pressure provides the motive force through the heat 

exchangers tube side during normal system operation. With low reactor pressure an auxiliary 

cleanup recirculation pump is used.  

On Unit 3, two trains of heat exchangers are arranged in parallel. Each train contains two 

regenerative and two non-regenerative heat exchangers arranged in series. Each train is rated for a 

flowrate of 3.25 x 105 lb/hr which is 50% of the system nominal flow capacity. Unit 2 contains a 

single train of heat exchangers rated for a flowrate of 3.25 x 105 lb/hr which now represents 100% of 

the system nominal flow. This was performed under modification M12-2-91-018.
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Operation of the cleanup system is controlled from the main control room. Resin sluicing operations 
are controlled from a local panel.  

5.4.8.3 System Evaluation 

As shown in Drawings M-48 and M-372, system leakage is monitored by three sets of temperature 
detectors. The first set of eight area temperature detectors provides a high-temperature alarm and 
displays area temperature in the control room. These temperature elements cause no automatic 
plant response except for the control room alarms. Since these elements are resistance temperature 
devices (RTDs), failure would most likely result in an open circuit or high resistance, which would 
conservatively actuate a high temperature alarm. These temperature elements are not 
environmentally qualified.  

Unit 2: 

Supplementing the originally installed leak detection monitors described above, a second break 
detection system also exists for the RWCU piping. Two sets of five area RTDs provide a safety
related, environmentally qualified break detection system. Upon indication of an RWCU high 
energy line break, as detected by area RTDs, an alarm is initiated in the Control Room, and the 
system is automatically isolated by closing the 1, IA, 2, and 3 RWCU isolation valves. Additionally, 
high temperature in the Main Steam Tunnel, as detected by temperature switches, will 
automatically isolate the RWCU system by closing valves 2-1201-1, 1A, 2 and 3 (Reference 5).  

Unit 3: 

Supplementing the originally installed leak detection monitors described above, a second break 
detection system also exists for the RWCU piping. Two sets of five area RTDs provide a safety
related, environmentally qualified break detection system. Upon indication of an RWCU high 
energy line break, as detected by area RTDs, an alarm is initiated in the Control Room, and the 
system is automatically isolated by closing the I, 1A, 2 and 3 RWCU isolation valves. Additionally, 
high temperature in the Main Steam Tunnel, as detected by the temperature switches, will 
automatically isolate the RWCU system by closing valves 3-1201-1,.1A, 2, and 3 (Reference 5).
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5.4.9 Main Steam Line and Feedwater Piping 

5.4.9.1 Description 

A diagram of the main steam piping is shown in Drawing M-12 for Unit 2 and in Drawing M-345 for 

Unit 3. The main steam system is described in Section 10.3. The feedwater piping is described in 

Section 10.4.7 and shown in Drawings M-14 and M-347.  

The materials used in the main steam and feedwater piping comply with the design codes and 

supplementary requirements described in Sections 3.2 and 10.3. The general requirements of the 

feedwater system are described in Sections 7.7 and 10.4.  

5.4.9.2 Performance Evaluation 

Steam flow from the reactor under the assumed accident condition of a ruptured steam line is 

limited by a flow restrictor in each of four main steam lines. Refer to Section 5.4.4 for a description 

of the main steam line flow restrictors.  

5.4.9.3 Inspection and Testing 

Inservice inspection of Class I piping is discussed in Section 5.2.4. Inservice inspection of Class II 

and III piping is discussed in Section 6.6. Inspection and testing of the main steam and feedwater 
piping are carried out as described in Sections 10.3 and 10.4.  

5.4.10 Pressurizer 

This section is not applicable to Dresden Station.  

5.4.11 Pressurizer Relief Discharge System 

This section is not applicable to Dresden Station.
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Table 5.4-1 

REACTOR SYSTEM PERFORMANCE DATA USED TO DEFINE JET 
PUMP HYDRAULIC BOUNDARY CONDITIONS

Operating Parameter Reactor Vessel Design Point

Thermal power 

Total core coolant flow 

Core pressure drop 

Core entrance enthalpy 

Core exit average quality 

System feedwater temperature 

Vessel steam output 

Core exit pressure 

Pressure (steam dome) 

Temperature (steam dome)

2527 MWt 

98 x 106^ lb/hr 

20 psi 

522.3 Btu/lb 

10.1% 

340. 1°F 

9.765 x 10^" lb/hr 

1028 psia 

1020 psia 

saturated

Note: Conditions shown are for 100% power operation. The values given for 
feedwater temperature and vessel steam output serve as nominal reference 
values, but are not limits.
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H. Containment atmospheric control system; 

I. Reactor protection system; and 

J. Isolation condenser.  

6.0.1 Containment Systems 

The containment systems consist of the primary containment system and the secondary containment 
system. The performance objectives of the primary containment system are to provide a barrier 
which, in the event of a loss-of-coolant accident (LOCA), will control the release of fission products to 
the secondary containment and to rapidly reduce the pressure in the containment resulting from a 
LOCA. The performance objectives of the secondary containment system are to minimize ground
level release of airborne radioactive materials and to provide for controlled, elevated release of the 
reactor building atmosphere under accident conditions through the use of the standby gas treatment 
system (SBGTS). The containment systems are described in Section 6.2. Section 15.6 discusses the 
LOCA.  

The containment isolation system provides protection against the consequences of an accident 
involving the release of radioactive materials from the reactor coolant pressure boundary by 
automatically isolating fluid lines which penetrate the containment wall. Sections 6.2.4 and 7.3.2 
contain a description of the primary containment isolation system. Section 6.2.3 describes the 
secondary containment system.  

The SBGTS removes radioactive contamination from the air in the secondary containment using a 
high efficiency particulate air (HEPA) and an activated charcoal filter system. The air is then 
discharged to the environment through the 310-foot chimney. The SBGTS can also be manually 
aligned to treat the air inside the primary containment. The SBGTS is described in Section 6.5.  

6.0.2 Emeraency Core Cooling System 

The emergency core cooling system (ECCS) is automatically placed in operation whenever a loss-of
coolant condition is detected. The subsystems contained in the ECCS are the core spray, low 
pressure coolant injection (LPCI)/containment cooling, high pressure coolant injection (HPCI), and 
automatic depressurization (ADS) systems. The core spray and LPCI systems are designed for low
pressure operation, whereas the HPCI and ADS systems are designed for high-pressure operation.  
The containment cooling system is a separate function of the ECCS and is designed to remove heat 
from the containment, reduce the containment pressure and restore suppression pool temperature 
following a LOCA. The containment cooling system is described in Section 6.2.2, the ECCS is 
described in Section 6.3, and the LOCA is discussed in Section 15.6.
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6.1 ENGINEERED SAFETY FEATURE MATERIALS 

Materials used in the Dresden engineered safety feature (ESF) systems are required to withstand 
the environmental conditions encountered during normal operation and subsequent to any 
postulated accident requiring their operation. The selection of these materials is based on an 
engineering review and evaluation for compatibility with other materials to preclude interactions 
that could potentially impair the operation of the ESF systems.  

Section 6.2.1.2.1.1 discusses materials used in the drywell expansion gap between the steel drywell 
liner and the concrete walls.  

6.1.1 Metallic Materials 

6.1.1.1 Materials Selection and Fabrication 

Engineered safety feature systems and components have been evaluated for adequacy of the 
materials of fabrication. Since original plant design and construction, several codes and standards 
have been revised to incorporate the results of additional research. Revised codes affecting material 
selection and fabrication are: 

A. Fracture toughness, 

B. Quality group classification, 

C. Code stress limits, 

D. Radiography requirements, and 

E. Fatigue analysis of piping systems.  

Changes in the areas of quality group classification, code stress limits, and fatigue analysis of piping 
systems were determined by the NRC to have little impact on the safety of ESF systems. However, 
since a radical change in the fracture toughness test requirements occurred in 1972, and since 
radiography requirements compared to available documentation of the inspections actually 
performed on certain components indicated a possible discrepancy, a reevaluation of associated 
components was performed. The results of this reevaluation are discussed below and tabulated in 
Table 6.1-1. Refer also to SEP TOPIC 111-1: Classification of Structures, Components, and Systems 
(Seismic and Quality) for a discussion of component radiography inspection requirements.  

The original specifications indicate that the low pressure coolant injection (LPCI) pump casings, high 
pressure coolant injection (HPCI) pump casings, and core spray pump casings were built to ASME 
Section III, Class C. The 1965 edition of the code requires impact testing. Also, according to Table 
ND-2311-1 of the code, A216, Grade WCB would be exempt from impact testing if the material was 
quenched and tempered (ASME Section III allows heat treating but does not require it). The design 
temperature range of these pumps is 40'F to 165°F, with normal operating
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temperature around 95°F. Brittle fracture is not a problem in this moderate temperature range.  

The original specification indicates that the LPCI heat exchangers (shell side) were built to ASME 
Section III, Class C. The 1965 edition of the code requires impact testing. Material specification 
A212 has been discontinued and replaced by A515, Grade 70. Fracture toughness at the minimum 
heat exchanger service temperature of 51°F has been analyzed and shown to be adequate. Refer to 
Section 6.2.2.3.3 for additional details of this evaluation.  

The HPCI drain and condensate line piping, fittings, and valves have 5/8-inch or less nominal wall 
thickness and are exempt from impact testing. The steam piping is over 6 inches in diameter and 
has a 5/8-inch or less nominal wall thickness with the lowest operating temperature exceeding 
150'F. This further exempts this system from impact testing according to ASME Section III, NC 
2311a9.  

Note that ASME Section III, 1965 edition, provided minimum construction requirements for vessels 
used in nuclear power plants. It classified pressure vessels as A, B, or C. Class A vessels are 
equivalent to Class 1 vessels of the current code. Class B is concerned with containment vessels, and 
Class C is concerned with vessels used in a nuclear power system not covered under Classes A or B.  
System classification is addressed in the Dresden Station third interval Inservice Inspection (ISI) 
Plan. As noted in the plan, piping, pumps and valves were built primarily to the rules of USAS 
B31.1.1.0-1967, Power Piping. Consequently, the Dresden Station ISI Program does not contain any 
ASME Section III, Code Class 1, 2, or 3 systems. The ISI Program system classifications are based 
on Regulatory Guide 1.26, Revision 3, and were developed for the sole purpose of assigning 
appropriate ISI requirements. The ISI Program is discussed further in Sections 5.2 and 6.6.  

The LPCI and core spray pumps for Dresden are Class 2 components, as described in Regulatory 
Guide 1.26 under Group B quality standards. The code of construction and current classification of 
the pumps were verified by GE.  

Confirmation that the atmospheric storage tanks meet current compressive stress requirements was 
requested by the NRC. In response to this request, it was found that the standby liquid control tank 
was designed and analyzed based on the methodology outlined in API-650 Code specifications.  
However, in 1982 the tank was requalified per the then current ASME Section III, Subsection ND.  
It was determined that the standby liquid control tank roof cover, vessel shell, base plate, roof ring, 
weldment, and U-bolts met the ASME Code requirements current in 1982. The analysis also showed 
that the actual stresses in these components subjected to specified seismic excitations are well 
within the ASME Section III allowables at the design temperature of 150'F.  

Reflective Metal insulation (mirror type) or nonmetallic insulation (Nukon Blanket, foam glass or 
closed cell foam plastic) installed on piping inside the containment meets the requirements as 
defined in Section 5.2.3.2.3, "Compatibility of Construction Materials with External Insulation and 
Reactor Coolant". Therefore, the potential for stress corrosion cracking due to the presence of 
leachable chlorides in nonmetallic thermal insulation is not a concern.
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6.1.1.2 Composition, Compatibility, and Stability of Containment and Core Spray Coolants 

Dresden Station uses high-purity demineralized water in the reactor vessel and for post-accident 
containment spray and core spray. The torus also contains demineralized water.  

All carbon steel surfaces in the torus are painted to prevent corrosion (see Section 6.1.2). Even 
without protective coatings, the expected corrosion rate for carbon steel, used structurally in air
saturated demineralized water, is less than 10 mils per year. Such a corrosion rate following an 
accident is of negligible significance.  

In the unlikely event that the standby liquid control system were actuated after a loss-of-coolant 
accident (LOCA), sodium pentaborate solution'would be introduced into the reactor vessel. If the 
vessel were refilled to the elevation of the break, the sodium pentaborate solution in the vessel would 
spill into the torus.  

When sodium pentaborate dissolves in water, it produces a mildly basic solution. The pH of the 
solution varies with concentration. For the range of concentrations expected, the pH is between 7.4 
and 7.8."1' At the maximum expected sodium pentaborate concentration during recirculation, carbon 
steel would corrode at a uniform rate of about 11 mils per year, and stainless steel at a rate of less 
than 0.1 mils per year. Again, these rates are insignificant following an accident. Thus, no 
additional provisions are required to control corrosion of steel following an accident.  

Dresden relies primarily on inerting the containment atmosphere for post-accident hydrogen control.  
Control of post-accident chemistry to minimize the evolution of hydrogen from aluminum corrosion is 
therefore not a consideration in the Dresden design. Post-accident iodine control is accomplished 
through containment integrity, and operation of the standby gas treatment system. Containment 
spray additives, such as sodium hydroxide, are not used to remove radio-iodines from the 
containment atmosphere. Therefore, post-accident chemistry control to ensure the retention of 
iodines in sump water is not required.  

Reactor water is sampled and analyzed for conductivity and chloride concentration every 72 hours 
during normal operation, to ensure that the conductivity and chloride concentration do not exceed 5 
gmho/cm and 0.5 ppm, respectively. Water in the condensate storage tank is sampled 3 times a 
week, to ensure that the conductivity and chloride concentration do not exceed 1 jimho/cm and 0.01 
ppm, respectively, and that the pH is between 5.6 and 8.6. The torus water is sampled monthly.  

The NRC has determined that the use of demineralized water in the reactor vessel, post-accident 
containment spray, and core spray, in conjunction with the established periodic water sampling 
programs, provide reasonable assurance that the conductivity, pH, and chloride concentration of the 
water would be within the normal plant operating limits such that proper water chemistry can be 
maintained during the recirculation phase following a DBA consistent with the acceptance criteria of 
Standard Review Plan Section 6.1.1 for boiling water reactors.
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Table 6.1-1 

FRACTURE TOUGHNESS REQUIREMENTS

Structures, Systems, and 
Components 

Recirculation System 

Recirculation system piping 

Recirculation system valves 

Recirculation system pumps 

Emergency Systems 

Isolation Condenser 

Shell side 

Tube side 

All stainless steel piping, valves, 
fittings 

All carbon steel piping 

Fittings and Valves 

Standby Liquid Control System 

Pump casing 

Tank 

Piping

Quality Group 
Classification"'1

Class A 
Class A 

Class A 

Class C 

Class B 
Class B 

Class B 

Class B

Class B 
Class B 
Class B

Material 

Type 304 stainless steel"'5 

ASTM A351, Gr. CF8M stainless 
steel 

Type 304, 316 stainless steel 

ASTM A106, Gr. B carbon steel 
Type 304, 316 stainless steel 

Type 304(61 

ASTM A106, Gr. B 

carbon steel

Carbon steel 
Type 304 stainless steel 
Type 304 stainless steel

Impact Test 
Required?

No 
No 

No 

No 
No 
No 

No 

No

No 
No 
No

Reason for 
Exemption"'2

8e 
8e 

8e 

8a 

8e 
8e 

8a 

8a

8d 
8e 

8d, e
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Table 6.1-1 (Continued) 

FRACTURE TOUGHNESS REQUIREMENTS

Structures, Systems, and 
Components

Core Spray System 

Pump casing 

All carbon steel piping 

Valves and fittings 

All stainless steel piping, 
fittings, valves 

Spray spargers and spray 
nozzles

Quality Group 
Classification"'

Class B 

Class B 

Class B 

Class B 

Class B

Material

ASTM A216, Gr. WCB 
carbon steel 

ASTM A106, Gr. B"' 

carbon steel 

Type 304 

Type 304 stainless steel

Impact Test 
Required?

Yes 

No 

No 

No 

No

Reason for 
Exemption 

21 Remarks 

Thickness up to 13/16 in.

8a

8a 

8a, e 

8e

Low Pressure Coolant Injection/ 
Containment Coolant Subsystem 
Pump casing 

All Stainless steel piping, 
fittings, valves 

All carbon steel piping

Valves and fittings

Class B 

Class B 

Class B 

Class B

ASTM A216, Gr. WCB 
carbon steel 

Type 304"'• 

ASTM A106, Gr. B

carbon steel

Yes 

No 

No 

No

Thickness up to 13/16 in.

So 

8a 

8a
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Table 6.1-1 (Continued) 

FRACTURE TOUGHNESS REQUIREMENTS

Structures, Systems, and 
Components

Quality Group 
Classification"'1 Material

Impact Test 
Required?

Reason for 
Exemption1

2
1

Heat exchangers: 

tube side 

shell side

High Pressure Coolant Injection 

Pump casing

Piping 

Fittings, and valves

Spargers 
(feedwater spargers used) 

Standby Coolant Supply System 
(condenser hotwell to service 
water line) 

Pipings, fittings, and valves

Class B 
Class C 

Class B 

Class B 

Class B 

Class B

70/30 CuNif8 

ASTM A212, Gr. B carbon steel 

ASTM A216, Gr. WCB carbon 
steel 

ASTM A106, Gr. B carbon steel

carbon steel

Austenitic stainless steel

No 
Yes 

Yes 

No 

No 

No

8f
Portions have 1-in.  
thickness

Thickness up to 1 1/2 in.

(8a, d)(3) Impact test on all piping 
with nominal pipe 

8a diameter greater than 
6 in.  

8,e

DeletedNot 
safety-related
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Table 6.1-1 (Continued) 

FRACTURE TOUGHNESS REQUIREMENTS

Structures, Systems, and 
Components 

Control Rod Drive System 
Velocity limiter 

Guide tubes 

Spent Fuel Storage Facilities 

Spent fuel pool

Quality Group 
Classification"''

Class B 
Class B 

Class C

Material

Stainless steel casting 

Type 304 stainless steel 

Stainless steel lining 
(3/16-in. thick)

Impact Test Reason for 
Required? Exemption"2)

No 
No 

No

8d 
8e 

8a

Reactor Vessel Head Cooling System 

Piping, fittings, and valves Class C Stainless steel(1 °•

(Sheet 5 of 7)

Remarks

No 8d, e
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Structures, Systems, and 
Components 

Condensate Feedwater System

Piping from reactor vessel to 
outermost containment isolation 
valve 
Valves and fittings 

Main Steam System 

Piping 

Valves and fittings 

Condensate Storage Tank

Table 6.1-1 (Continued) 

FRACTURE TOUGHNESS REQUIREMENTS

Quality Group 
Classification"'

Class A 

Class A 

Class A 

Class A 

Class C

Material 

ASTM A106, Gr. B carbon steel 

Carbon steel 

ASTM A106, Gr. B

Carbon steel 

Aluminum

Comnressed Air System

Piping, fittings, and valves Class D

Impact Test 
Required?

Reason for 
Exemption"2 '

Yes 

Yes

Yes 

Yes 

No

No

Remarks 

Thickness varies from 
1.000-1.375 in.

Thickness 1.031 in.

8f 

8d
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Table 6.1-1 (Continued) 

FRACTURE TOUGHNESS REQUIREMENTS 

Structures, Systems, and Quality Group Impact Test Reason for 
Components Classification"' Material Required? Exemption 21 Remarks 

Standby Diesel-Generator System 

Service water piping Class C ASTM A106, Gr. B No 8a 
Valves and fittings Class C Carbon steel No 8a 

Fuel oil piping Class C ASTM A53, Gr. B No 8a 
Valves and fittings Class C Carbon steel No 8a 

Notes: 

1. The quality group classification given here is the Regulatory Guide 1.26 classification to determine fracture toughness testing 
requirements and should not be confused with safety classification. Refer to Section 3.2 for a discussion of safety classifications.  

2. Refer to Tables A4-4 - A4-6 of Appendix A in Franklin Research Center report on quality group classification of components and 
systems for explanation of exemptions.  

3. Applies to drain and condensate piping.  
4. For piping 2" and under, ASTM A335 Grade P11 or P22 may be substituted for ASTM A106 Grade B material for the same schedule.  

For fittings and valves 2" and under, ASTM A182 Grade Fli or F22 may be substituted for ASTM A105 for the same rating.  
Substitutions are allowed up to a maximum temperature of 450'F (operating or design).  

5. Piping replacement on Unit 3 changed the piping material to type 316 stainless steel.  
6. A portion of the Unit 3 isolation condenser return line was replaced with type 316 stainless steel.  
7. A portion of the piping from outboard valves 2-1402-24A/B to the reactor vessel safe end (Unit 2) was replaced with carbon steel 

SA333, grade 6 under M12-2-75-39.  
8. Some of the CCHX tubes have been replaced by A1-6XN alloy tubes.  
9. A portion of the LPCI discharge, inboard from the outboard isolation valve, was replaced with type 316 (special chemistry) stainless 

steel.  
10. A portion of the system is fabricated from A106, grade B carbon steel.  
11. Material type A106, grade B is the preferred material with A53, grade B as an acceptable substitute when A106 is not available.

(Sheet 7 of 7)

Rev. 4



DRESDEN - UFSAR

The drywell shell is enclosed in reinforced concrete with concrete thickness varying from 4 to 
10 feet to provide for radiological shielding and additional resistance to deformation. (Shielding 
calculations conservatively assume 4 to 6 feet except during preparation for refueling outages.  
[See reference 61) Refer to Section 12.3.2 for a discussion of the shielding analyses. At the 
foundation level, a sand pocket was formed to "soften" the transition between the foundation 
and the containment vessel. Above the foundation transition zone, the drywell shell is 
separated from the primary containment shield wall by a gap of approximately 2 inches to 
accommodate thermal expansion (see Section 6.2.1.2.1.1). Shielding in the drywell head area 
is provided by a concrete vault topped with removable, segmented, reinforced concrete shield 
plugs.  

Access to the drywell is provided by a manway located on the drywell head, one bolted 
equipment hatch, and one personnel airlock. The manway in the drywell head has a double 
seal arrangement. The equipment hatch cover is bolted in place and sealed with a double
tongue-and-groove seal. The personnel airlock has two doors which open inward toward the 
drywell and are designed to withstand a large outward force due to a high drywell internal 
pressure. The doors are mechanically interlocked so that a door may be operated only if the 
other door is closed and locked. The seals on the doors and the manways can be tested for 
leakage as described in Section 6.2.6.  

The normal environment in the drywell during plant operation is approximately 1 psig with a 
nitrogen atmosphere and a nominal bulk temperature of approximately 135 0 F to 150°F. This 
temperature is maintained by recirculating the drywell atmosphere across forced-air cooling 
units which are cooled by the reactor building closed cooling water system. Refer to Section 
9.4.8 for a description of the drywell air cooling system.  

A description of electrical, instrument, and piping penetrations and their design is provided in 
Section 3.8.  

6.2.1.2.1.1 Drywell Expansion Gap 

The steel drywell shell is largely enclosed within the structural and shielding concrete of the 
primary containment shield wall. To accommodate thermal expansion, an expansion gap was 
provided between the concrete and the drywell shell. The size of this expansion gap is shown 
in Figure 6.2-6 Column (a).  

Both temperature and pressure cause the steel shell to expand. If temperature induced 
expansion were restrained by interference with the concrete structure, the resulting inward 
normal component could cause rippling and buckling of the steel. It is essential that a 
sufficient gap exists between the steel shell and the concrete structure to prevent interference 
due to thermal expansion.  

Pressure-induced expansion results from internal forces acting outward and normal to the 
shell. If the concrete structure were to restrain this type of expansion, the resulting inward 
normal forces would tend to counterbalance the outward normal
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transferred to the vent system by the penetration assembly and internal supports on the vent line.  

6.2.1.2.3 Pressure Suppression Chamber 

As shown in Figures 6.2-3, 6.2-4, 6.2-5, and 3.8-18, the pressure suppression chamber is a steel 
pressure vessel in the general shape of a torus, symmetrically encircling the drywell. The circular 
path around its major axis is formed by 16 cylindrical segments or bays. Alternate bays (eight in all) 
are connected to vent lines leading from the drywell. The horizontal centerline of the suppression 
chamber is located slightly above the bottom of the drywell. The inside diameter of the mitered 
cylinders, which make up the suppression chamber, is 30 feet 0 inches. A reinforcing ring with two 
column supports and a "saddle" is provided at each miter joint (Mark I Containment Long-Term 
Program) to tranbmitiead loads and seismic loads to thereinforced concrete foundation slab of the 
reactor building.  

The reinforcing ring at each miter joint is in the form of a T-shaped ring girder. The ring girder is 
braced laterally with stiffeners connecting the ring girder web to the suppression chamber shell.  

The suppression chamber shell thickness is typically 0.585 inches above and 0.653 inches below the 
horizontal centerline, except at penetration locations where it is thicker.  

The suppression chamber is anchored to the basemat by a system of base plates, stiffeners, and 
anchor bolts. Space is provided outside of the chamber for inspection and maintenance.  

Two manholes with double-gasketed bolted covers provide access from the reactor building to the 
pressure suppression chamber. These access ports are bolted closed when primary containment 
integrity is required. They are opened only when the primary coolant temperature is below 212'F 
and the pressure suppression system is not required to be operational. A test connection between 
the double gaskets on each cover permits checking gasket leak-tightness without pressurizing the 
containment.  

Original plant design included baffles in the suppression pool intended to aid in thermal mixing of 
the suppression pool water. As a result of a reevaluation of the necessity for these baffles and a 
concern for their continued structural integrity in a blowdown event, the baffles have been removed.  

The suppression chamber can be drained using the low pressure coolant injection (LPCI) pumps 
discharging via the LPCI heat exchanger to either radwaste or the condenser hotwell until the LPCI 
pumps lose suction. However, the path to the condenser hotwell is the preferred route to minimize 
the volume of water to be processed by radwaste. Complete suppression pool draining can be 
accomplished even with the LPCI pumps out of service by use of specially installed piping and 
isolation valves.
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6.2.1.2.4 Primary Containment Vacuum Relief Devices 

Automatic vacuum relief devices for the drywell and suppression chamber prevent the primary 
containment from exceeding the design external-to-internal pressure differential. The primary 
containment is designed for a maximum external pressure of 2 psi greater than the concurrent 
internal pressure for the drywell and 1 psi for the suppression chamber.  

The drywell vacuum relief valves allow gas to be drawn from the pressure suppression chamber, and 
the pressure suppression chamber vacuum relief valves allow air to be drawn from the reactor 
building.  

6.2.1.2.4.1 RIactorBuildina-to-Containment Vacuun Relief 

To prevent torus collapse due to excessive external-to-internal pressure differential, a vacuum 
breaker system is provided connecting the suppression chamber airspace with the reactor building 
atmosphere. The system consists of two parallel lines with each line containing two vacuum breaker 
valves in series. One of the series valves opens at high differential pressure and fails open on loss of 
instrument air or electrical power. To ensure proper operation of these valves, an air accumulator 
with adequate volume to open the valve once is provided. The normal power supply to the valve 
solenoid is backed-up by another source of power, in addition to having the capability of being 
energized by the emergency diesel generators. The second vacuum breaker valve is a check valve 
that opens when high differential pressure occurs across the disk. The combined pressure drop at 
rated flow through both valves does not exceed the difference between suppression chamber design 
external pressure and maximum atmospheric pressure.  

The quick actuation time of these valves was found to cause both abnormal seat wear and 
misalignment of the valve disc. To provide a slower and more controlled cycling of these valves, 
speed control valves were installed to regulate the airflow between the solenoid and the air cylinder 
of the relief valves.  

The piping system is designed to the Boiler and Pressure Vessel (B&PV) Code B31.1. Lines 2(3)
1601-A(B)-20" were analyzed to the latest Mark I design criteria (NUREG-0661, Revision 1) to verify 
that the modification met the requirements of ASME Section III, Subsection NC, 1977 edition with 
Summer 1977 Addenda. Due to the insignificant component mass of the speed control valve (3 
pounds), a revision to the Mark I piping analysis was not required. However, the Mark I 
calculations were updated to document the installation of this modification.  

Valve operational testing requirements for ANSI/ASME OMa-1988, Part 10, Category A valves apply 
to the 2(3)-1601-20 A and B valves and their actuators. Valve closing time shall be 2 to 5 seconds.  
Valve opening time is 5 to 30 seconds.
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ethylene-propylene, the valve disk hub has been replaced by a 304 stainless steel hub, the 
valve disk has been changed from cast aluminum to wrought aluminum, and new phosphor
bronze shaft bushings and seals with ethylene-propylene O-rings have been installed to replace 
the original teflon bushings which tended to cause the valve to stick.  

To monitor the valve disks for proper closure, the position indication switches have been 
modified to allow detection of valve opening in excess of 1/16 inch.  

Subsequent to the installation of the wrought aluminum disks, an analysis was performed to 
determine the structural integrity of the vacuum breaker valves under postulated 
hydrodynamic loads in a post-LOCA condition. Refer to Section 6.2.1.3.5.2.7 for a discussion 
of condensation oscillation and chugging phenomena. Results of this analysis indicated that 
all stresses were within the allowable limits as defined in ASME Section III, Subsection NC for 
Class 2 Components, 1977, including the Summer 1977 addenda.  

Following this analysis, a refined load evaluation resulted in lower pallet impact velocities than 
originally calculated. The refined analysis shows that the vacuum breakers will not actuate 
during the chugging transient. The NRC has evaluated these analyses and concluded the 
existing vacuum breaker design is adequate.  

6.2.1.2.5 Drywell Pneumatic System 

The drywell pneumatic system takes a suction from the drywell atmosphere and compresses 
the gas (either air or nitrogen) for use by pneumatically operated equipment in the 
containment. The drywell pneumatic system is described in Section 9.3.  

6.2.1.2.6 Drywell-to-Suppression Pool Differential Pressure Control System 

During normal operation, a system consisting of two 100% design capacity compressors, a 
receiver, differential pressure control, and associated piping maintains a pressure differential 
between the drywell and the suppression chamber (see Drawings M-25 and M-356). This 
system is referred to as the pumpback system. The pumpback system maintains drywell 
pressure slightly above suppression chamber pressure to decrease the amount of water 
standing in the downcomers. This decreases the dynamic forces on the suppression chamber 
during a postulated LOCA. During normal operation, a compressor takes suction from the 
suppression chamber free air volume via the nitrogen supply line and discharges to an air 
receiver. Air from the receiver is discharged to the drywell through a differential pressure 
control valve to maintain a pressure differential. The minimum drywell-to-suppression 
chamber differential pressure of 1.0 psi was determined during the Mark I Short-Term Program 
to provide the required safety margin in the suppression chamber design. All controls are in 
the control room.
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In the event that both compressors are unavailable, the differential may be maintained by the 

nitrogen inerting system. Refer to Section 6.2.5 for a description of the nitrogen inerting 

system.  

The pumpback system is cross-connected with the drywell pneumatic system and supplies 

compressed gas to the associated instruments and actuators. The reverse is not true, however, 

since the capacity of the drywell pneumatic compressors is not sufficient to maintain a 1-psi 

differential from the drywell to the torus. The drywell pneumatic system is discussed in 

Section 9.3.  

6.2.1.2.7 Containment Venting 

A primary containment system vent is provided which is normally closed. The vent design 

permits the vent discharge to be routed to the standby gas treatment system (SBGTS) or the 

reactor building ventilation system so that release of gases from the primary containment is 

controlled, with the effluents being monitored before discharge through the stack. Test 

connections are provided between the double inlet and outlet vent valves to permit checking for 

leaktightness in accordance with 10 CFR 50, Appendix J as described in Section 6.2.6.  

The containment may be vented to minimize pressure fluctuations caused by air temperature 

changes during various operating modes. This is accomplished through ventilation purge 

connections, which are normally closed while the reactor is at a temperature greater than 

212'F. The suppression chamber may be vented separately.  

Purging and venting will be strictly limited to those operations necessary to inert or deinert the 

containment, control containment pressure, reduce containment oxygen concentration, or 

establish and maintain a pressure differential between the drywell and suppression chamber.  

The containment vent, purge, and inerting system is described in Section 6.2.5. Also refer to 

Section 6.2.7 for a description of the augmented primary containment vent system (APCVS).  

As shown in Drawings M-25 and M-356, the purging and venting system consists of 18-inch, 

6-inch, and 2-inch containment isolation valves that automatically close on either high drywell 

pressure, drywell high radiation, or reactor low water level signals (Group 2). Refer to Section 

6.2.4.2.4 for a description of these isolation valves.  

6.2.1.2.8 Containment Instrumentation 

A suppression pool temperature monitoring system is installed to provide average and local 

pool temperature indication and alarms in the control room.!5] Sixteen thermocouples are 

installed around the torus, one in each torus bay, with a set of eight thermowells on the inner 

circumference, and another set of eight thermowells on the outer circumference, forming two 

independent channels. They
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only about 0.005. This fact resulted in the following interpretation of the flow pattern. The liquid is 
in the form of a fine mist that is carried along by the predominately steam airflow which affects the 
inertia term of the momentum equation. Except for this modification, the flow was treated as 
compressible flow of an ideal gas in a duct with friction. The loss coefficients of the vent / vent
header / downcomer system were lumped as an equivalent length of pipe.  

The accuracy of this interpretation with respect to the effects of liquid carryover is supported 
primarily by the Humboldt Bay pressure suppression tests.""21 In this series of tests, changes in the 
drywell geometry resulted in variations in the amount of liquid carryover achieved. The liquid 
remaining in the drywell at the end of the test was measured and recorded. Fortunately, these tests 
were performed with a relatively small diameter orifice so that the vessel blowdown can be 
accurately calculated using Moody's critical flow model."O° In Figure 6.2-15, the calculated and 
measured pressure responses for these tests are shown. Note that with 100% carryover, the 
agreement was excellent. In that test, the drywell was preheated to 1840 F before the blowdown was 
started, which prevented any condensation on the drywell walls. A calculated response with the 
effects of condensation considered and with no carryover is also shown in Figure 6.2-15. Again, the 
agreement with the measured response was excellent.  

The model has been checked against both the Humboldt Bay and Bodega Bay pressure suppression 
tests for a wide range of break sizes. Due to the overprediction of blowdown flowrates, as discussed 
in the previous paragraphs, the model was found to overpredict most existing test data. For those 
tests where the blowdown was accurately predicted, the drywell response was also accurately 
predicted. The model has been compared against the test data for two of the smaller orifices tested 
in Figures 6.2-16 and 6.2-17. As can be seen in the figures, the vessel blowdown was accurately 
reproduced for these tests. The drywell pressure response was slightly overpredicted. The 
overprediction is believed to be due to a combination of no condensation assumed in the calculated 
response, slight overprediction of vessel blowdown flowrates, and incomplete liquid carryover into 
the drywell vents.  

As the size of the vessel orifice increases, the vessel blowdown rate is overpredicted and the 
overprediction of peak drywell pressure increases. This trend is illustrated in Figure 6.2-18, where 
calculated and measured peak drywell pressures are compared. It is important to note that in no 
case did the model underpredict the test data.  

The temperature, pressure, and relative humidity assumed in the drywell were based on 
conservative estimates of normal operating values. A steam prepurge of the drywell was not 
assumed for two reasons: 

A. Reactor scram due to high drywell pressure precludes complete prepurging of the drywell 
and 

B. The prepurging of the drywell only increases the peak drywell pressure by approximately 
1 psi.
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element. For the LTP an intermediate break accident (IBA) and a small break accident (SBA) were 
specified in addition to the DBA.  

The IBA is a 0.1 square foot, instantaneous, liquid line break in the primary system. This break size 
will not result in rapid reactor depressurization and, consequently, will not result in significant pool 
swell loads. However, this break size is large enough that the HPCI system cannot maintain the 
reactor vessel water level. Therefore, this LOCA will result in a combination of condensation loads 
and multiple SRV discharge loads. Figure 6.2-25 shows the loading conditions for the IBA.  

The SBA is a 0.01 square foot, instantaneous, steam line break in the primary system. The fluid loss 
rate for this break size is small enough so that HPCI operation can maintain the reactor vessel water 
level. However, this size break will not result in rapid reactor depressurization. Therefore, this 
LOCA will result in a-long-duration combination (relative to the DBA and IBA) of chugging and 
multiple SRV discharge loads. Figure 6.2-26 shows the loading conditions for the SBA.  

The duration of the SBA condensation loads proposed by the Mark I Owners Group is assumed to be 
terminated by manual actuation of the automatic depressurization system (ADS) 10 minutes after 
the postulated pipe break.  

Not all of the suppression pool hydrodynamic loads can occur at the same time. In addition, the load 
magnitudes and timing will vary, depending on the accident scenario under consideration.  
Therefore, combinations of loading conditions have been determined from typical plant primary 
system and containment response analyses, with considerations for automatic actuation, manual 
actuation, and single active failures of the various systems in each event.  

6.2.1.3.5.2 Loss-of-Coolant-Accident Transient Loads 

Loss-of-coolant transient loads are specified in the Plant Unique Load Definition (PULD).81 The 

following loads are specified: 

A. Pressure and temperature time histories for the suppression chamber and drywell; 

B. Vent system pressurization and thrust loads; 

C. Net vertical pool swell loads and average submerged pressures on the suppression 
chamber; 

D. Pool swell impact and drag loads on the vent system; and 

E. Vent header deflector loads.
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6.2.1.3.6.4.3 Safety Relief Valve Discharge Device Limitations 

Dresden Station is equipped with safety/relief valves (SRVs) to protect the reactor from 
overpressurization during operating transients. When the SRVs open, steam released from the 
reactor vessel is routed through SRV discharge lines to the suppression pool where it is 
condensed. Extended steam blowdown into the suppression pool, however, can create 
temperature conditions near the discharge location that can lead to instability of the 
condensation process. These instabilities can, in turn, lead to severe vibratory loading on 
containment structures. This effect is termed condensation oscillation. This is mitigated at 
Dresden Station by the usage of quenchers at the end of the SRV discharge lines, as well as 
restrictions on the allowable bulk suppression pool water temperature, in order to ensure that 
the local pool temperature stays within acceptable ranges. Technical Specifications Section 
3/4.7. K provides limiting conditions for operation and action requirements, regarding, the 
suppression chamber temperature.  

By letter dated March 21, 1995, the BWR Owners' Group (BWROG) requested the NRC staff 
review and approve GE report, NEDO-30832 entitled, "Elimination of Limit on BWR 
Suppression Pool Temperature." NEDO-30832 presented a discussion of test data and analysis 
that supports deletion of the requirement to maintain the local suppression pool temperature 
20'F below the saturation temperature of the pool during SRV discharge.  

Dresden has eliminated the local suppression pool temperature limits. The test data and 
analysis presented within NEDO-30832 is applicable to Dresden Station. The NRC staff Safety 
Evaluation Report (SER) approval of NEDO-30832, dated August 29, 1994, concluded that the 
elimination of the local suppression pool temperature limit is acceptable if the plant has 
emergency safety features pump inlet located below the elevation of the quencher. Because 
Dresden Station's pump inlet is below the elevation of the quencher, NEDO-30832 is applicable 
to Dresden Station (see Drawings M-7 and UFSAR Figure). The NRC staff found that the 
quencher device is effective in maintaining the unstable condensation oscillation load to benign 
levels when the suppression pool is operated at temperatures nearing saturation.
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6.2.2.1 Design Bases 

The design basis of the containment cooling mode of the LPCI system is: 

A. To provide the containment cooling function to meet containment capability 
requirements. Containment temperature and pressure capability requirements are 
described in Section 6.2.1.  

B. To provide redundancy in critical components to meet reliability requirements.  

C. To operate without reliance upon external sources of power.  

D. The containment cooling mode of the LPCI system is designed so that each 
component of the system can be tested and inspected periodically to demonstrate 
availability of the system.  

6.2.2.2 System Design 

As shown in Drawings M-29, Sheet 1 and M-360, Sheet 1, two separate and independent 
containment cooling subsystems are provided to remove heat from the containment, reduce 
containment pressure and restore suppression pool temperature following a postulated LOCA.  
Each containment cooling subsystem consists of two LPCI pumps, one containment cooling 
heat exchanger, one drywell spray header, and a separate spray line terminating at a common 
suppression chamber ring header. As shown in Drawings M-29, Sheet 2 and M-360, Sheet 2, 
heat exchanger cooling water is provided by two containment cooling service water (CCSW) 
pumps in each containment cooling subsystem. Refer to Section 9.2 for a description of the 
containment cooling service water system. The containment cooling subsystem utilizes the 
same major components as the LPCI subsystem, plus additional piping and valves to direct 
cooling water to the containment. The configuration of one LPCI pump, two CCSW pumps and 
one LPCI heat exchanger has been analyzed to result in acceptable containment response 
following a DBA (see Sec. 6.2.1.3.2.3). The post-DBA NPSH requirements of the LPCI pumps 
are given in Sec. 6.3.3.4.3.  

The containment cooling subsystem contains equipment which provides three different 
containment cooling functions: suppression pool cooling, drywell spray, and suppression 
chamber spray. All containment cooling functions are manually initiated.  

The suppression pool cooling mode uses LPCI pump(s) to provide flow from the suppression 
pool through the containment cooling heat exchangers and to return the cooled water to the 
suppression chamber through the LPCI full-flow test line. Motor-operated valves in either of 
the redundant LPCI loops are manually controlled to provide any required division between 
suppression pool cooling flow
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The containment cooling heat exchangers are sized on the basis of their required duty to meet the 
containment capability. Refer to Section 6.2.1 for a description of the suppression pool cooling 
requirements. The heat exchangers are designed to withstand the maximum pressures 
corresponding to the shutoff heads of the CCSW and LPCI pumps. When service water is flowing, 
the pressure on the tube side of the heat exchanger is maintained 20 psi above the pressure on the 
shell side to prevent shell side water leakage into the service water and subsequent discharge to the 
river. Instrumentation is provided to monitor AP between the LPCI heat exchanger tube side and 
shell side both locally and remotely in the control room. Additional containment cooling heat 
exchanger design information is provided in Table 6.2-7.  

Since the LPCI flow passes through the containment cooling heat exchangers, containment heat may 
be rejected during post-LOCA LPCI mode operation by starting the CCSW pumps (when sufficient 
electrical power is available) to provide'cooling to the heat exchangers. This resultsinthe•transfer of 
heat from the suppression pool to the CCSW system. During this mode of operation, suction is taken 
from the suppression pool, pumped through the containment cooling heat exchangers to the reactor 
vessel, and back to the drywell via the postulated break. When the drywell water level reaches the 
level of the containment vent pipes, the water flows through the vent pipes to the suppression pool.  

Stagnant water conditions in the containment cooling heat exchangers (EPNs 2(3)-1503-A&B) during 
standby conditions cause both pitting and corrosion of the 70-30 CuNi tubes."4 This has resulted in 
heat exchanger tube leaks and excessive equipment outage durations. Various materials were 
evaluated for better corrosion resistance and AL-6XN was selected as the replacement tube material.  
A limited number of tubes will be replaced with AL-6XN tubes as tubes fail. (AL-6XN has been 
accepted by ASME under Code Case N-438).  

To ensure that other design basis evaluations are not invalidated by replacement of these tubes, the 
number of tubes plugged or replaced in each heat exchanger will be limited such that the total 
reduction in heat removal capability will not exceed that which would result from plugging 6% of the 
70-30 CuNi heat exchanger tubes. The 6% limit is based on the number of excess tubes provided in 
the containment cooling heat exchanger design. The 6% replacement limitation will ensure that the 
design basis heat exchanger capability will not be reduced. The relationship between plugging tubes 
and replacing 70-30 CuNi tubes with AL-6XN tubes is shown in Figure 6.2-42.
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Fibrous insulation is a molded insulation used only on parts of the recirculation system and the 4
inch and smaller lines. The total amount of such material used in the drywell is only 0.16% by 
volume or 0.05% by weight of the suppression pool water. Any postulated accident would dislodge 
only a fraction of this material.  

Miscellaneous items are expected to contribute a negligible volume of contaminates in comparison to 

the suppression pool water volume. Any particles contributed are expected either to be stopped by 

strainers if they reach that position or to be colloidal rust type particles which would have little or no 
effect on ECCS pump seals or bearings.  

As well as having limited contaminate sources, minimal probability of problems exist because of the 

circuitous path from the drywell to ECCS pump suctions. Particles first must pass through 1 x 1 '/2

foot openings from the drywel.Nto the 8-foot suppression pool downeormers.- The downcomers are 
connected to large spherical shells which are interconnected by 4-foot diameter pipes forming the 
inner suppression pool ring header. From this header, the path to the suppression pool is through 96 
circumferentially spaced 24-inch diameter pipes which extend below the suppression pool water line.  

The path then proceeds through four suppression pool suction strainers located about '3 of the 
suppression pool water level height above the suppression pool bottom. From the strainers the path 
leads into a 24 inch suction ring header and then to the pump suctions. This path is quite circuitous, 
providing many places to trap foreign objects and also spreading the particles that do get through 
uniformly throughout the suppression pool volume. Larger pieces of metal will settle to the bottom 
of the suppression pool, and lighter materials such as unibestos will float rather than be drawn into 
the ECCS pump inlets.  

The average water velocity in the suppression pool during ECCS equipment operation is less than 
0.1 ft/s and is not sufficient to transport particles (except for the smaller pieces in colloidal 
suspension). However, during a postulated blowdown from the drywell to the suppression pool, there 
will be a less idealized situation. The suppression pool water will be disturbed and a certain portion 

of materials will be near the suction strainers. The strainers are stainless steel perforated plates 
with 1/8 inch diameter openings. Larger pieces and part of longer pieces (of smaller diameter) will 

be stopped and the strainer effective area will be somewhat reduced. To account for this possibility, 
hydraulic performance of the ECCS pump system is based on partial plugging of each of the four 
strainers with 5.8-feet head loss at 10,000 gpm assumed across each of the four strainers.  

The strainers in the unit 3 torus were replaced during D3R14 in support of the Station's response to 

NRC Bulletin 96-03, "Potential Plugging of Emergency Core Cooling Suction Strainers by Debris in 
Boiling-Water Reactors." The new strainers have an outside diameter of approximately 32.5", and 

an appropximate length of 63". The total surface area of these strainers is approximately 118 ft2 per 
strainer. The original strainer are presently in Unit 2 and it is planned to replace them with similar 
strainers as Unit 3 during D2R15.
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operating floor with the bridge crane. The reactor building houses the Unit 2 and 3 refueling 
and reactor servicing equipment; new and spent fuel storage facilities; and other reactor 
auxiliary or service equipment, including the emergency core cooling systems (ECCS), isolation 
condenser systems, demineralizers, standby liquid control systems, control rod hydraulic 
system equipment, and components of electrical equipment. The general arrangement of the 
reactor building and the principal equipment is shown on Drawings M-6 and M-8.  

The structural and shielding design of the reactor building are discussed in Chapter 3 and 
Section 12.3, respectively.  

Special sealing methods were used throughout the construction of the reactor building. The 
sheet metal siding panels have interlocking joints sealed with vinyl plastic gaskets and special 
caulking compounds as shown in Figure 6.2-43. Other joints are sealed with such materials 
as rubber strips, two-sided adhesive tapes, and special caulking. Screw holes are caulked.  
The reactor building parapet is sealed with urethane foam.  

The reactor building roofing is made of a vapor barrier overlaid by 1-inch thick (minimum) 
loose-laid board insulation, covered with 10-year, single-ply, elastomeric-membrane fabric, and 
ballasted with paver blocks. Steel holddown clips on the corners of the roof slabs are welded to 
the roof purlins. Longitudinal and transverse joints are filled with mastic sealer, and the 
corner recesses are filled with grout.  

6.2.3.2.2 Reactor Building Airlock Doors 

Reactor building airlock doors have weather-strip-type rubber compression seals. The design 
basis leakage limit is 25 ft 3/min per door at 1/4 in.H20 pressure. Each pair of personnel 
access control doors is electrically interlocked so that only one of the pair may be open at a 
given time.  

There are two personnel air locks between the turbine and reactor buildings at grade elevation.  
There is one equipment airlock and one equipment access door from the outdoors into the 
reactor building on the ground floor. In addition, there is one personnel air lock into the 
reactor building from the turbine building main floor. The equipment access door is enclosed 
on the outside by a material interlock structure, however this structure is not considered to 
provide secondary containment. There are personnel airlocks from the Unit 2/3 diesel 
generator room to the Unit 2 and Unit 3 HPCI rooms, and to the Unit 2 reactor building. There 
is an access door from the Unit 2/3 diesel generator room to the Unit 2 high pressure coolant 
injection (HPCI) pipeway. This access door is considered a secondary containment boundary 
and is locked. Sufficient administrative measures control the opening of this door such that 
secondary containment is maintained. There are other personnel airlocks from the turbine 
building to the Unit 2 and Unit 3 MSIV rooms (X-areas).  

Inside the reactor building between Units 2 and 3 there are ordinary single doors at three floor 

levels.  

6.2.3.2.3 Reactor Building Pipe and Electrical Penetrations
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B. The operator is in continuous communication with the control room; and 

C. The operator is capable of closing the valves so the penetration can be rapidly 
isolated in the event containment isolation is required.  

Drywell sample valves and reactor water sample valves which automatically close due to a 
containment isolation signal may be opened after isolation using a manually-operated, keylock 
bypass switch.  

Similarly, the two 2-inch containment vent and purge isolation globe valves (AO-1601-61 and 
AO-1601-62) and the outboard 6-inch butterfly valve to SBGTS (AO-1601-63) may also be 
overridden and.reop.ened after isolation for post-LOCA containment venting. If operation of the 
augmented primary containment vent system (APCVS) is required, circuitry is provided to 
override the isolation signal to the 18-inch containment vent valves, AO-1601-23, -24, and -60 
as described in Section 6.2.7.  

Generic Letter 96-06, "Assurance of Equipment Operability and Containment Integrity During 
Design-Basis Accident Conditions," identified the potential for thermally induced 
overpressurization and subsequent rupture of isolated, water-filled piping sections in 
containment. This condition could jeopardize the ability of the accident mitigating systems to 
perform their safety functions and could also lead to a breach of containment integrity via 
bypass leakage. When the arrangement of inboard and outboard containment isolation valves 
create a post-accident overpressure potential for the piping between them, a relief device (relief 
valve discharging to the drywell or check valve discharging to inboard piping) was installed (or 
will be installed) between the isolation valves to mitigate the overpressurization. These relief 
devices are listed in Table 6.2-9 as their installed location requires that they also function as 
containment isolation valves.  

Instrument line excess-flow and simple check valves are described in Section 3.8.2.1.9.  

6.2.4.2.2 Main Steam Isolation Valves 

The main steam isolation valves (MSIVs) are 20-inch air-spring-operated, balanced, "Y"-type 
globe valves. Figure 6.2-46 shows the typical design features for this type of valve. The Unit 3 
inboard MSIVs are equipped with leakoff lines as shown in Drawing M-345- 1. This valve 
combines full-port design with straight line flow to provide a very good flow pattern and utilizes 
upstream pressure to aid in valve closure by tilting the actuator toward the upstream side of 
the valve. The balancing feature of the valve makes it possible to take advantage of the 
upstream pressure to aid in holding the valve closed and has the added advantage of requiring 
a smaller actuator cylinder to open the valve. The balancing feature design aids holding the 
valve closed by allowing the full upstream line pressure to bleed into the chamber above the 
plug through the balancing port to exert a force on the plug internals in a direction to hold it 
against the seat. When the actuator starts to open the valve, the stem lifts the pilot off its seat 
to vent the steam inside the plug into the downstream line. As the stem travel continues, the 
plug is lifted off the main valve seat to open the valve port.
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Each TIP system guide tube is provided with an isolation valve which closes automatically 
upon receipt of an isolation signal and after the TIP cable and fission chamber have been 
retracted. In series with this isolation valve, an additional or backup isolation shear valve is 
included. Both valves are located outside the drywell. The function of the shear valve is to 
ensure integrity of the containment in the event that the other isolation valve fails to close or in 
the event that the chamber drive cable fails to retract while extended in the guide tube at the 
time that containment isolation is required. The shear valve is a dc-operated explosive-type 
valve, which can shear the cable and seal the guide tube if necessary. The valve position of 
each type valve is indicated in the control room.  

6.2.4.2.4 Containment Vent and Purge Isolation Valves 

The containment vent and purge isolation valves, shown in Drawings M-25 and M-356, are 
designed to close automatically on a Group 2 isolation signal (see Section 7.3). The exhaust 
(vent) lines from the drywell and torus are connected to a common exhaust header which leads 
to the reactor building ventilation exhaust system and to the SBGTS. The drywell and torus 
exhaust lines each have an 18-inch butterfly-type isolation valve (AO-1601-23 and AO-1601-60 
respectively) bypassed by a 2-inch globe valve (AO-1601-62 and AO-1601-61 respectively). The 
common exhaust header has an 18-inch butterfly valve (AO-1601-24) for isolation of flow to the 
reactor building ventilation exhaust, and a 6-inch butterfly valve (AO-1601-63) isolating flow to 
SBGTS.  

The purge supply line to the drywell is connected to a common supply header from the reactor 
building atmosphere via two 18-inch butterfly drywell isolation valves (AO-1601-21 and AO
1601-22). In addition, one 18-inch line and a normally open butterfly isolation valve (AO
1601-56) taps into the drywell supply line between the two drywell isolation valves. This valve 
(AO-1601-56) is normally open to provide a flowpath from the suppression chamber to the 
pumpback air compressors for maintenance of the required differential pressure (dP) between 
the drywell and suppression chamber. Two 11/2-inch lines and a 4-inch line with isolation 
valves (AO-1601-58, AO-1601-59, and AO-1601-55) tie into the supply header for inerting the 
containment atmosphere with nitrogen and establishing and maintaining drywell-torus dP.  

The 2-inch globe valves in the exhaust lines from the drywell and torus are used to reduce 
containment oxygen content during operation and for containment pressure relief to either the 
reactor building ventilation exhaust or SBGTS. Purging and venting the containment for 
deinerting purposes is accomplished using the 18-inch butterfly isolation valves in the supply 
and exhaust lines.  

6.2.4.3 Design Evaluation 

6.2.4.3.1 Containment Isolation Valves
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As shown in Drawing M-706, Sheets land 2, the system is completely redundant and 
separated into engineered safety features (ESF) Divisions I and II. There are four intake ports 
on each of the two headers in containment. The intake ports on each header are located at 
four elevations (three in the drywell, one in the torus) approximately equidistant from each 
other. The headers are on opposite sides of the reactor. A globe valve is installed on each 
intake port to allow throttling. These valves are set to provide approximately equal flow into 
each intake port. There are no obstructions which would prevent hydrogen from reaching the 
intake ports quickly.  

Since there are two monitors per unit, a single active failure of the hydrogen monitoring system 
can be accommodated.  

The CAM system is designed to operate under the conditions described in Section 3.11.
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6.2.5.3.3 Nitrogen Containment Atmospheric Dilution (NCAD) System 

In the event of a LOCA, combustible gas concentrations may required the addition of nitrogen 
to the Containment. The NCAD system is designed to be initiated at 15 hours after a LOCA, 
when the oxygen concentration may reach 5 percent by volume (see Section 6.2.5.4.2.2).  

In addition to the normal inerting and makeup pathways, two bypass lines are provided for 
each unit. These bypass lines are routed from the discharge of the makeup line atmospheric 
vaporizer, located outside, to the downstream side of the pressure regulating stations in the 
normal inerting and makeup pathways, located within the Reactor Building. These lines 
provide the capability of inerting the Containment post-LOCA.  

The NCAD system nitrogen flow is initiated through either or both of the bypass lines by 
opening the manual isolation valve located outside in the vicinity of the Nitrogen Supply system 
equipment, and opening the Containment isolation valves from the control room.  

The NCAD system is designed to inject a maximum required flowrate of approximately 29 scfm 
of nitrogen to the Containment, considering a maximum backpressure of 1/2 of the 
Containment design pressure, or 31 psig.  

6.2.5.3.4 Containment Post Accident Vent Path 

One of the available post accident containment vent paths was originally designed as the ACAD 
pressure bleed subsystem. A piping and instrumentation diagram of this path is shown in 
Drawing M-707, Sheets 1 and 2.  

The path consists of two parallel and redundant valving and piping systems which are piped 
into a header to the standby gas treatment system. It is initiated manually. Each of the 
redundant legs of the containment vent outlet flow path contains a shutoff valve, a flow control 
valve, a pressure reducing valve, flow element for flow control and indication, and pressure 
indicator. The design vent flowrate is 25 scfm maximum.  

6.2.5.4 Design Evaluation 

In evaluating the combustible gas control system design, it was necessary to consider the 
following: 

A. The production and accumulation of combustible gases within the drywell and torus 
following the postulated LOCA;
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B. The capability of the system to reduce combustible gas concentrations within 
containment; 

C. The radiological impact of operation; and 

D. The capability to mix the combustible gases within the containment atmosphere and 
prevent high concentrations of combustible gases in local areas.  

6.2.5.4.1 Historical Short- and Long-Term Hydrogen Generation 

In the period immediately after LOCA, hydrogen would be generated by both radiolysis and metal
water reaction. However, in evaluating short-term hydrogen generation, the contribution from A 
radiolysis is small in comparison with the hydrogen generated by a postulated metal-water reaction.  
Refer to Section 6.2.1.3.7 for a detailed discussion of the sources of hydrogen in the containment.  

In accordance with the provisions of the Branch Technical Position CSB 6-2,'3" the amount of 
hydrogen assumed to be generated by metal-water reaction in establishing combustible gas control 
system performance requirements was based on the amount calculated in demonstrating compliance 
with 10 CFR 50.46.2401 

As described in NEDO-20566'311 GE submitted two alternate methods for the calculation of core-wide 
metal-water reaction.  

The first method of analysis for core-wide hydrogen generation utilizes the heatup code CHASTE in 
a series of calculations. The calculations for planar segments are made with varying values of 
segment power to represent all feasible segment powers for a particular core. The calculated 
temperature responses are used to predict the amount of cladding reacted locally for each planar 
segment. The local cladding reactions are weighted by a conservative core axial power distribution 
and summed to calculate the total core-wide cladding reacted. The core axial power distribution is 
based upon fine noding of operating reactor data and is conservative since it is relatively flat. The 
total cladding reacted is divided by the total cladding surrounding the active fuel. The quotient is 
the percentage of core-wide hydrogen generation.  

The second method of analysis, documented in NEDO-11013-77,"4 " develops a relationship between 
core-wide metal-water reaction and peak clad temperature, based on a core model which has power 
and temperature distributions which conservatively bound those calculated for BWRs.
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An exemption from Appendix J requirements for containment isolation valve leakage rate tests 
(Type C tests) permits Type C tests to be performed prior to the ILRT (Type A test) and the results of 
the Type A test to be back-corrected to simulate the as-found conditions using the results of the Type 
C tests provided that: 

A. When performing Type C tests, the conservative assumption that all measured leakage is 
in a direction out of the containment is applied, unless the test is performed by 
pressurizing between the isolation valves; and 

B. When performing Type C tests by pressurizing between the isolation valves, the 
conservative assumption that two valves leak equally is applied (and therefore one-half 
of the measured leakage is in a direction out of the containment), when the isolation 
valves are shut by normal operation without preliminary exercising or adjustment.  

Type C tests for instrument line manual isolation valves installed in accordance with Regulatory 
Guide 1.11, "Instrument Lines Penetrating Primary Containment," are not required provided that 
the subject instrument lines are not isolated from the containment atmosphere during performance 
of a Type A test.  

Due to the design of the two-ply containment penetration expansion bellows, it has been determined 
that the bellows cannot be properly tested to satisfy Appendix J, Type B testing requirements.  
Accordingly, a testing and replacement program for the bellows assemblies has been accepted by the 
NRC as an acceptable alternative to the testing requirement, and an exemption from Appendix J has 
been granted for these assemblies. Each assembly is individually exempted until it is replaced by a 
testable bellows assembly at which time the testable assembly will be tested in accordance with the 
normal Type B test program. Similarly, if a method is developed which ensures a valid Type B test 
on one or more assemblies, those bellows will also be excluded from the exemption and will be 
required to be tested in accordance with the normal Type B test program.  

The periodic ILRT is conducted at a test pressure of 48 psig which corresponds to the calculated 
maximum peak accident pressure. The test is conducted in accordance with the provisions of ANSI 
/ANS-56.8-1994. During testing, the initial pressure is maintained much longer than the few 
seconds for which the peak accident pressure is expected to be sustained (see Figure 6.2-19). Testing 
with the peak accident pressure is also conservative because the airborne fission product inventory is 
negligible for the short time (after the initial blowdown) during which the peak pressure occurs.  

The ILRT is performed at a frequency specified in the Technical Specifications, based on maintaining 
the primary containment leakage rate below the permissible leakage rate limit. An integrated test 
with a leakage rate above the permissible leakage rate limit requires identification of the cause of 
unacceptable performance and determination of corrective action. Once computed, the test interval 
shall be at a frequency specified in NEI 94-01, Rev.0.
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6.2.6.3 Containment Isolation Valve Leakage Rate Test 

The pre- and post-operational testing of the primary containment isolation valves includes pressure 

testing, leakage testing, and operability testing. Isolation valves tested include those valves in lines 

connecting to the open space within the containment vessels and valves in lines connected to the 

reactor coolant system. Local leakage rate testing of the volume between containment isolation 
valves (Type C test) is conducted at the calculated maximum peak accident pressure of 48 psig with 

one exception: the volume between the main steam isolation valves (MSIVs) is tested at 25 psig.  

Testing is conducted on a regular basis.  

Type C testing of the MSIVs at the reduced pressure of 25 psig instead of the 48 psig required by 10 

CFR 50, Appendix J has been authorized by the NRC. The leakage rate acceptance criterion for the 

MSIVs at 25ýpsig test pressure is a total manimum pathway leakage for all MSIVs of <46 sefh. The 

leakage rate measured at 25 psig is corrected mathematically to a leakage rate at 48 psig. The 
reason for the reduced test pressure is that the inboard MSIV is tested with pressure acting in the 
reverse direction to that encountered in a LOCA situation. The MSIV is designed such that it is held 

closed by a combination of the spring force, air cylinder closing force, and upstream line pressure.  
During the leakage rate test there is no upstream pressure. Any downstream pressure greater than 
25 psig would tend to lift the MSIV disk off the seat, giving an inaccurate leakage rate measurement.  
Refer to Section 6.2.4.2.2 for a description of the MSIVs.  

Test taps are located between the MSIVs to permit leakage testing while the reactor is in a cold 

shutdown condition by pressurizing the enclosed space between the valves.  

The sum of the leakage rates determined from the individual tests of those isolation valves in lines 

open to the free space of the containment is added to the total leakage rate of the penetrations and 
access openings alone.  

Isolation valves in lines which form a closed loop, either within the containment vessels or outside 
the containment, were not required to be separately leak tested, but their performance was carefully 

observed during initial system acceptance tests. At each major refueling, these systems are operated 
at normal operating pressure and their leakage observed.
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Table 6.2-1 (Continued) 

PRINCIPAL DESIGN PARAMETERS OF PRIMARY CONTAINMENT

Internal diameter

Submergence below suppression 

Pool water level 

Pressure Suppression Chamber

2 ft, 0in.

max 4 ft.  
min 3.67 ft.

Water volume""1 ^ 

Free air volume" 

Chamber inner diameter 

Torus major diameter

116,300 to 119,800 ft3 

112,800 to 116,300 ftV 

30ft 

109 ft

Suppression Chamber to Drywell Vacuum Breakers

Number valves 

Vent area, total 

Actuation setpoint

12 

2715 in^2^ 

0.5 psi for full open

Reactor Building to Suppression Chamber Vacuum Breaker

Number valves 

Vent area, total 

Actuation setpoint

2 

2.02 ft2 (Unit 2), 1.87 ft2 (Unit 3) 

-0.5 psi for full open
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Table 6.2-4 

MARK I CONTAINMENT PROGRAM INITIATED MODIFICATIONS

Component Modification Description 

Additional ring girder reinforcement 

Torus Miter joint support saddles and saddle extension plates 

Additional ring-girder-to-torus weld 

Thermowells (for SPTMS) 

Downcomer/vent header stiffeners 

Vent Downcomer lateral bracing 

System Downcomer longitudinal bracing 

Vent header deflector 

Vent line drain reinforcement 

Torus-to-drywell vacuum breakers 

Vacuum breaker header support 

Catwalk midbay supports 

Internal Catwalk lateral bracing 

Structures Catwalk supports at ring girders 

Conduit rerouted 

Wetwell Spray header supports 

Piping HPCI turbine pot drain support 

Modificatons HPCI turbine exhaust line support 

(Internal) ECCS suction strainer reinforcement 

LPCI full-flow test line supports 

Reinforced vent line penetration 
Relief Valve Added T-quenchers 

Discharge Added T-quencher supports 

Line Piping Added RV line support 

SRVDL vacuum breakers
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Table 6.2-9 (Continued) 

PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES

Containment 
Penetration 
Number(')

1 I I

Valve 
Number

Line 
Isolated

Valve 
Type(2)

Location 
Relative to 

Containment(
3 )

Normal 
Status(4)

Actuation 
on PCIS 
Signal(°5

PCIS Signal(6)

X-125 2599-4A ACAD Air Exhaust from DW AO Globe 0 C N/A RM AC Solenoid 1 N/A 707-1 (707-2)
X-125 2599-5A ACAD Air Exhaust from DW AO Globe 0 C N/A RM AC Solenoid 1 N/A 707-1 (707-2) 
X-125 2599-4B ACAD Air Exhaust from DW AO Globe 0 C N/A RM AC Solenoid 1 N/A 707-1 (707-2) 
X-125 2599-5B ACAD Air Exhaust from DW AO Globe 0 C N/A RM AC Solenoid 1 N/A 707-1 (707-2) 

X-126 1601-21 DW Inert and Purge AO Butterfly 0 C SC Group 2 AC Solenoid")' 18 10 25(356) 
X-126/304 1601-22 DW and Torus Vent from Rx Building AO Butterfly 0 C SC Group 2 AC Solenoidtg) 18 10 25(356) 
X-126/304 1601-55 DW and Torus Inerting AO Butterfly 0 0 GC Group 2 AC Solenoidt 8) 4 15 25 (356) 

X-304 1601-56 Torus Inerting and Purge AO Butterfly 0 0 GC Group 2 AC Solenoid"s) 18 10 25(356) 
X-126/304 1601-57 DW and Torus N2 Makeup MO Globe 0 0 GC Group 2 AC 1 15 25(356) 

X-304 1601-58 Torus Nitrogen Makeup AO Globe 0 C GC Group 2 AC Solenoid 1 15 25(356) 
X-126 1601-59 DW Nitrogen Makeup AO Globe 0 0 GC Group 2 AC Solenoid(8 ) 1 15 25 (356) 

X-130 (138) 1101-15 IStandby Liquid Control Check I C N/A N/A Self 1½ N/A 33 (364) 
X-130(138) 1101-16 Standby Liquid Control Check 0 C N/A N/A Self 1½ N/A 33 (364)

(Sheet 6 of 15)

Power 
Supply

Line 
Size 
(in.)

Maximum 
Isolation 

Time 
(sec)(9)

Reference 
Drawings(l)
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Table 6.2-9 (Continued) 

PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES

Maximum 
Containment Location Actuation Line Isolation 
Penetration Valve Line Valve Relative to Normal on PCIS PCIS Signal(6) Power Size Time Reference 
Number(') Number Isolated Type(2) Containment(3) Status(4) Signal(5 ) Supply (in.) (sec)(9) Drawings(n) 

X-303A-D 1599-61 Torus to Condenser Drain AO Gate 0 C SC Group 2 AC Solenoid 3 10 29-1(360-1) 

X-303A-D 1599-62 Torus to Condenser Drain AO Gate 0 C SC Group 2 AC Solenoid 3 10 29-1 (360-1) 

X-304 1601-20A rorus Vacuum Relief AO Butterfly 0 C N/A RM AC Solenoidt °0  20 5 25 (356) 

X-304 1601-20B Torus Vacuum Relief AO Butterfly 0 C N/A RM AC Solenoid"0 ° 20 5 25 (356) 

X-304 1601-31A rorus Vacuum Relief Check 0 C N/A N/A Self 20 N/A 25(356) 

X-304 1601-31B rorus Vacuum Relief Check 0 C N/A N/A Self 20 N/A 25(356) 

X-309A 8501-1A [Torus Air Sample AO Globe 0 0 GC Group 2t/1 AC Solenoid") ) 5 25(356) 

X-309A 8501-lB Torus Air Sample AO Globe 0 0 GC Group 2(7) AC Solenoid") '½ 5 25(356) 

X-3 1OA 1402-4A Core Spray Test Return MO Globe 0 C N/A RM AC 8 N/A 27 (358) 

X-3 IOA 1402-38A Core Spray Pump Minimum Flow MO Gate 0 0 N/A RM AC 1'/2 N/A 27 (358) 

X-310A 1501-13A LPCI Pump Minimum Flow MO Gate 0 0 N/A RM AC 3 N/A 29-1(360-1) 

X-3 OA 1501-20A LPCI Test MO Gate 0 C N/A RM AC 14 N/A 29-1(360-1) 

X-310A 1501-38A rPCI Test MO Globe 0 C N/A RM AC 14 N/A 29-1 (360-1) 

X-3 1OB(A) 2301-14 HPCI Pump Minimum Flow MO Globe 0 C N/A RM DC 4 N/A 51(374) 

X-3 1OB(A) 2301-40 HPCI Pump Minimum Flow Check 0 C N/A N/A Self 4 N/A 51(374) 

X-3 1OB(A) 2301-53 HPCI Pump Minimum Flow Relief 0 C N/A N/A N/A 4 N/A 51(374)
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Table 6.2-9 (Continued) 

PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES

(Sheet 13 of 15)
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