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Response to the June 23, 1994, NRR RAI on Shroud Cracking 

Question MS-1: 

Provide for both Dresden; Unit 3, and Quad Gties, Unit 1, the number of effective full 
power yean of operation. 

Response MS-1: 

Question MS-2: 

Dresden, Unit 2 
Dresden, Unit 3 
Quad Cities, Unit 1 
Quad Cities, Unit 2 

Data Date 

March 1994 
March 1994 
March 1994 
March 1994 

Effective Full 
Power Years 

14.0454 
13.4859 
14.4397 
13.9012 

Provide infonnation concerning the reactor coolant water chemistly for both units from 
the time of startup to the present and its effect on the core shroud cracking. 

Response MS-2: 

Attachments __ are trends for Dresden, Units 2 & 3, and Quad Cities, Units 1 & 2. 
In Reference (b) ComEd addressed the issue of water chemistry. Water chemistry may 
have an effect on the time to initiation as well as crack growth rate. While initiation 
time is almost impossible to predict, the effect of conductivity on crack growth rates 
has been modeled by GE in the PLEDGE model, and the results were presented in· 
the Dresden and Quad Cities H5 weld reports, see References (f) and (g). 

Question MS-3: 

Provide justification that the 45 degree Ultrasonic (U1) Transducer would reliably 
detect all cracks in the core shroud if the cracking is tight or geometly is unfavorable. 
In addition, the justification should provide a detailed explanation of why bounding 
flaw depth at the H5 .weld is 1.24 inches. 

1; • 
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Response to the June 23, 1994, NRR RAI on Shroud Cracking 

Response MS-3: 

See Reference (h). The physical characteristics of the cracks seen in the boat samples 
are such that a 45 degree ultrasonic shear wave will not be transmitted. Since the 
upper toe of the fillet weld can always be seen from below by the 45 degree UT shear 
wave, the cracks cannot be deeper than the intersection of the 45 degree shear wave 
with the weld fusion line. This effectively excludes a volume of material below the 
weld that cannot be cracked. For purposes of flaw evaluation, a defect is assumed to 
be everywhere outside this excluded volume. Significant margin is available even 
with this conservative assumption. 

Question MS-4: 

Provide justification to rule out cracking coming from the inside of the shroud at the 
HS weld from the toe of the fillet weld. 

Response MS-4: 

The justification is provided in Reference (h) . 

Question MS-5: 

Provide a map of the UT measurements on the HS weld. 

Response MS-5: 

The map of the UT measurements are provided in Reference (i). 

Question MS-6: 

Provide a comparison of the Boiling Water Reactor Owne~ Group core shroud 
screenin2 criteria to that used for the Dresden and Quad Cities core shroud inspection. 

Response MS-6: 

The approach- used to -perform the core shroud inspections at Dresden and Quad Cities 
provides the maximum-information relevant to assuring core shroud integrity during all 
design basis events. This is achieved by verifying that sufficient uncracked shroud 
material -(i.e.- good· ·metal) at ·each circumferential weld exists to ensure structural 
integrity of the-shroud-under-all--design--basis events;---This·approach is referred to as 
"Qualified Shroud Based" (QSB) inspection. It is a modification of the BWROG 
standard inspection approach, Statistical Sample Based (SSB) inspection, which has 
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Response to the June 23, 1994, NRR RAI on Shroud Cracking 

been used and is primarily suited for inspections where cracking is not expected or 
expected to be infrequent. 

Lessons learned on shroud inspection experiences at other BWR units led ComEd to 
·evaluate the shroud cracking issue using a different strategy than has been traditionally 
used for many past industry cracking concerns. In this case, evaluations were 
performed to determine the best course of action if the initial assumption is that 
cracking will exist, particularly at older units with higher carbon content core shroud 
material. These evaluations resulted in the determination that, for the primary concern 
of core shroud integrity, the QSB inspection approach defined above maximizes 
assurance of core shroud integrity, yet minimizes inspection resources, outage duration, 
and radiation dose incurred to inspection personnel. 

The QSB inspection approach relies on Linear Elastic Fracture Mechanics (LEFM) 
and/or Limit Load Analysis (LLA) plus conservative IGSCC growth rate of 5x10·5 

in/hr to establish the required amount of evenly distributed uncracked material at each 
weld location to assure the structural integrity of the weld under all design basis 
events for a given operating interval. The LEFM/LLA results form the basis for the 
QSB initial inspection sample size which includes the number and location of 
inspection sites. All circumferential welds are included in the initial inspection 
sample. The nominal length of each inspection site ranges from I 0 inches to 16 
inches. With this approach uninspected locations are assumed to contain through-wall 
cracks. This is a conservative assumption since much of the uninspected locations 
may actually be uncracked or only partially cracked. 

If visual inspection verifies sufficient uncracked material meeting the LEFM/LLA 
criteria, then the weld structural integrity is positively demonstrated. These crack free 
inspection sites also effectively bound possible crack length (i.e the length of 
uninspected weld areas). Any further inspections bey_ond this stage will be strictly 
discretionary and will be based completely on the cost effectiveness of the additional 
information to be obtained. 

If the extent of uncracked material identified in the initial inspection fails to meet the 
weld specific LEFM/LLA criteria, additional sites will be inspected. The required 
number of additional sites and their distributed locations are again determined by 
LEFM and/or-LLA plus conservative SCC. growth rate, .taking into account th~ -~~isting 
uncracked material found at previously inspected sites. ·If visual inspection verifies 
sufficient uncracked material meeting the LEFM/LLA criteria, then the weld structural 
integrityjs positively demonstrated. Any further inspections beyond this stage will be 
strictly discretionary and will be based completely on the cost effectiveness of the 
additional information to be obtained .. This exercise will be repeated until the weld 
specific LEFMILLA criteria-are met or .the complete weldc circumference is inspected. 
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Response to the June 23, 1994, NRR RAI on Shroud Cracking 

In practice, the manner in which the "sample expansion" described above is performed 
is analogous to cutting a pie into smaller pieces. Additional cutting of the pie only 
occurs in the arc segment of the pie encompassing the inspection site that fails the 
LEFM/LLA criteria. The number of "cuts" and the location of the "cuts" are 
determined by LEFM and/or LLA plus conservative IGSCC growth rate, taking into 
account the existing uncracked material found at previously inspected sites. 

Additional conservatism are built into this QSB inspection approach, such as: 

1. LLA is based on accepted ASME Section XI procedures for flawed austenitic 
stainless steel piping with appropriate code margins, although the shroud is not 
a primary pressure boundary, 

2. Proximity rules of ASME Section XI are used to combine circumferential 
and/or vertical crack indications, 

3. LEFM is applied in conjunction with LLA for welds in the core shroud 
"beltline" although it is not required for austenitic material at the fluence levels 
experienced by the Dresden and Quad Cities core shrouds. 

In contrast, the SSB inspection approach uses a statistically based initial inspection 
sample. If crack indications are observed in the initial sample, the inspection will be 
extended in some fashion to additional locations on the same weld and to additional 
welds. This expansion of inspection results in the characterization of the observed 
crack indications, which is valuable information for future reference and possible 
repair decision. The expansion stops when no crack indications are observed and the 
analytical evaluations using LEFM and/or LLA are performed to determine the core 
shroud structural integrity based on available flaws characterization. However, this 
SSB approach and asso_ciated expansion may not always result in a 100% inspection of 
a weld. Therefore, the analytical evaluations could be based on the unconservative 
assumption that uninspected areas are uncracked. 

The QSB inspection methodology discussed above was developed using sound and 
conservative technical bases. The results are positive demonstration of the core shroud 
structural integrity under all design basis events when the applicable inspection criteria 
are met. In hindsight, if the SSB inspection methodology was applied at Dresden and 
Quad Cities _in lieu .of the QSB approach, it is possible that the H5 weld would not 
have been inspected. ComEd has concluded that application of the QSB methodology 
is sound and results in identifying flawed weldments that require further evaluation. 

The following table is a comparison of the Dresden/Quad Cities initial inspection plan 
for each shroud weld with that recommended by the BWROG Core Shroud Evaluation 
Inspection Strategy for a High Risk Plant. Section 6.0 of the BWROG Core Shroud 
Evaluation provides an inspection strategy designed to meet the intent of SIL 572 Rev. 
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Response to the June 23, 1994, NRR RAI on Shroud Cracking 

I 0. As discussed in the BWROG plan, the recommendations were "'provided to 
utilities as a guide in developing their plant-specific inspection plans". 

HI 

H2 

HJ 

H4 

H5 

H6 

H7 

Ven Welds 

Summaiy 

Note 1: 

Dresden Plan Quad Cities PlanNote 1 BWROG Inspection 
Shategy 

4 Locations, 60 inches, 8.8% of 4 Locations, 60 inches, 8.8% of No Inspection 
Weld Weld Recommended 

4 Locations, 60 inches, 8.8% of 4 Locations, 60 inches, 8.8% of No Inspection 
Weld Weld Recommended 

4 Locations, 60 inches, 9.3% of 4 Locations, 60 inches, 8.8% of 8 Locations, 120 
Weld Weld inches, 18.6% of 

Weld 

4 Locations, 60 inches, 9.3% of 8 Locations, 120 inches, 18.6% of 8 Locations, 120 
Weld Weld inches, 18.6% of 

Weld 

4 Locations, 60 inches, 9.3% of 8 Locations, 120 inches, 18.6% of No Inspection 
Weld Weld Recommended 

4 Locations, 60 inches, 9.6%, of 4 Locations, 60 inches, 8.8% of No Inspection 
Weld Weld Recommended 

4 Locations, 78 inches, 12.5% of 8 Locations, 114 inches, 18.2% of 2 Locations, 10% of 
Weld Weld Weld 

No Inspection Performed No Inspection Performed 1 weld only if cell 
already vacated 

28 locations inspected on 7 welds, 36 locations inspected on 7 welds, 18 locations 
which represents 9.6% of the which represents 13% of the inspected on 3 welds, 
cumulative length of all _ cumulative length of all which represents 
circumferential welds in the circumferential welds in the shroud. 6.6% of the 
shroud. cumulative length of 

all circumferential 
welds in the shroud. 

Quad Cities requires more initial inspection locations than Dresden to 
demonstrate structural margin due to higher seismic loadings. 

Question MS-7: - -;.._~ 

Is the Dresden and_ Quad Cities -HS- fabrication similar to that of Brunswick (i.e., 
double V 2rooved, back. gouged)? 
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Response to the June 23, 1994, ~ RAI on Shroud Cracking 

Response MS-7: 

Yes. The welds are termed single bevel double "V" weld joint geometries with fillet. 
The plate wall thickness at Dresden and Quad Cities is 2 inches instead of the 1.5 
inches at Brunswick. The reinforcing fillet weld size at Dresden and Quad Cities is 1 
inch, instead of the 0.75 inch at Brunswick Unit 1. 

Question MS-8: 

Provide verification of the dimension of the fillet weld. 

Response MS-8: 

Fillet dimensions were verified by following a quality control path of specification, 
written welding and inspection procedures, and by inspection verification and approval. 

Question MS-9: 

Provide justification that the crack growth rate in your June 13, 1994, submittal is 
bounded based on a water chemisny during the early yean of operation at Dresden 
and Quad Gties. Could deeper cracks be expected based on water chemisny? 

Response MS-9: 

The bounding crack growth rate of 5Xl0"5 are taken from the appropriate chart 
published in NUREG 0313 rev. 2. This chart considers both high material 
susceptibility and abnormal water chemistries. It is the bounding crack growth rate 
used for the ComEd Structural Margin Assessment considering the variable water 
chemistry conditions. 

Crack growth rates from References (f) and (g) are demonstrated to be bounding, since 
cracks growing at the 5E-5 in/hr rate would be through-wall in less than four cycles, 
yet UT has established that the HS flaw is actually less than 1.24 in. deep. Further, 
the PLEDGE model predicted crack growth rates are very conservative when 
compared with recent EPRI data for operation at low levels of sulfate and chloride 
(also presented in References (f) an<l (g));·-

Question MS-10: 

Provide justification that crack propagation path predictfons have correcdy 
incorporated the effec1s of-residual stresses. -€ould 1he ·crack propagate through an 
alternate path (i.e.~11p1hrough'tlie 'Cytinder)'! --- - - ----~- - -
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Response to the June 23, 1994, NRR RAJ on Shroud Cracking 

Response MS-10: 

See Attachment MS-10-1, the finite element model FEM of weld residual stresses. 
The predicted residual stress patterns are confirmed by boat sample metallography, in 
that the cracking appearance exhibits a transition from a high stress (planar) region 
into a region of lower stress (multibranched with extensive grain boundary 
encirclement) where crack growth rates would be predicted to fall by an order of 
magnitude in accordance with NUREG 0313, Rev. 2. Cracking would not propagate 
into the weld, because the shape of the residual stress field would be expected to 
favor cracking as observed in the core plate support ring, and the weld metal itself is 
considered to be immune from IGSCC by NUREG 0313, Rev. 2, due to its ferrite 
content and low carbon (see Attachment MS-10-2). 

Question MS-11: 

Provide stress distribution profile information across the HS weld. 

Response MS-11: 

The stress distribution profile is provided in Attachment MS-10-1. 

Question MS-12: 

What is the status of the use of hydrogen addition to the reactor coolant at Dresden 
and Quad Oties. 

Response MS-12: 

In Reference (b ), specifically Response (2) relative to Dresden, Unit 2, and Quad 
Cities, Unit 2, ComEd supplied the status of the use of hydrogen addition to the 
reactor coolant at Dresden Unit 2 and 3 and Quad Cities Unit 1 and 2. 

Specifically, unlike Dresden Unit 3, Dresden Unit 2 has been operating with hydrogen 
injection beginning with operating cycle 9 (1983). Hydrogen injection has ranged 
from 1.0 - 1.5 ppm at-approximately 90 % availability. Dresden Unit 3 does not 
operate with hydrogen addition. 

Quad Cities Units 1 and 2 both have been operating with hydrogen injection beginning 
in November 1990. Hydrogen addition availability for Quad Cities Unit 1 has been 57 
% and Quad Cities Unit 2 has been 44%. Hydrogen injection rates have ranged from 
1.0 - 1.5 ppm. 
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Response to the June 23, 1994, NRR RAI on Shroud Cracking 

Question MS-13: 

Provide 1he detailed resulu of 1he Dresden and Quad Cities boat sample metallurgical 
analyses. 

Response MS-13: 

The details of the boat sample metallurgical analyses were presented on June 22, 1994, 
and will be presented again in the meeting planned for June 27, 1994. Further, details 
are included in Reference (h). 

Question MS-14: 

Provide a detailed justification and clarification for the basis of crack depth sizing 
based on the H5 weld geometiy using only UT detection capability. 

Response MS-14: 

Reference (h) explains use of UT detection equipment (45 degree shear wave) to 
establish a zone of good metal which cracks have not penetrated. This is supported by 
boat sample results, which found flaws to be no deeper than 0.69 inch. 

Question MS-15: 

What are the fracture toughness properties in the short transverse direction for the 
heavy stainless steel plate of the top guide support ring and core plate support ring? 

Response MS-15: 

Only tensile properties are of significance to limit load analysis, and the short 
transverse properties of the austenitic stainless steel of the shroud do not vary 
significantly from the longitudinal properties. Data from Oak Ridge National 
Laboratory (ORNL) reported in Attachment MS-15-1 indicates that the short transverse 
tensile strength of the tested 304 plate was within 5% of the longitudinal tensile 
strength, and both were_ well above code :minimums .and the Jongitudinal tensile 
strength reported on _thecCMTR of the ORNL material'.: Basetl.:on this information.it is 
reasonable to assume that austenitic stainless- steel will;meet Code minimums for Sm in 
the short transverse direction, and there will be no change in the Structural Margin 
Assessment or the margin of safety . 
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Response to the June 23, 1994, NRR RAI on Shroud Cracking 

Question MS-16: 

.ilstify why limit load analysis is appropriate for the stress distributions associated 
with the H5 weld and fillet finite element analysis. Is bending appropriately 
considered? 

Response MS-16: 

See References (f) and (g) which include the finite element model which shows that 
bending stresses in the remaining ligament are minimal, and membrane loading still 
applies. 

Question MS-17: 

What is the predicted/measured reduction in residual stresses with the cracking at the 
HS weld! 

Response MS-17: 

See Attachment MS-10-1 for stress intensity vs. crack depth. 

Question MS-18: 

Provide an assessment of the operability m311in against the uncertainties and approach 
used to size the H5 crack by UT.· 

Response MS-18: 

Reference (h) explains the basis for stating that the maximum bounding flaw depth is 
less than 1.24 inches, and this is supported by the boat sample metallography results. 
The maximum allowable beginning-of-cycle allowable flaw depth is established by 
calculating an amount of crack growth based on operating cycle length and an 
assumed crack growth rate (CGR), and subtracting that from the maximum allowable 
end-of-cycle flaw depth,· as established by structural margin assessment. See the 
previously submitted GE H5 evaluations, References (f) & (g). For Dresden's 24 
month operating cycle, assuming _8000 hours/yr of operation, the amount of crack 
growth predicted ranges from: (a) 0.8 inch for the bounding NUREG 0313 CGR of 
5E-5 in/hr, to (b) 0.2 inch for the PLEDGE model predicted CGR of l.24E-5 in/hr, to 
as little as (c) 0.08 inch at the CGR predicted by NUREG 0313 for the 10 KSI-IN-2 

stress intensity predicted by the residual stress analysis (Attachment MS-10-1) for a 
one inch deep flaw. This translates for Dresden to maximum allowable beginning-of
cycle flaw depths ranging from 2.14 inches to 2.86 inches. For Quad Cities, with its 
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Response to the June 23, 1994, NRR RAI on Shroud Cracking 

slightly smaller maximum end-of-cycle flaw depth and 18 month operating cycle, 
allowable beginning-of-cycle flaw depths range from 2.28 to 2.82 inches. 

The operating margin to account for structural assessment uncertainty is the difference 
between the maximum allowable beginning-of-cycle flaw depth and the bounding 
assumed current flaw size of 1.24 inches. The operating margin for Dresden, 
depending on which crack growth rate is used, ranges from 0.9 to 1.62 inches, and for 
Quad Cities Unit 1 it ranges from 1.04 to 1.58 inches (see Attachments MS-18-1 and 
MS-18-2). 

Even using the bounding 5E-5 in/hr CGR, which is at least a factor of 4 higher than 
CGRs believed to be realistic for current plant operating water chemistry conditions, 
there is large operating margin available to account for uncertainty in UT detection 
capability. As was pointed out in Reference (b ), another compensatory factor against 
UT uncertainty is the application of Section XI safety factors for primary pressure 
boundaries in the structural margin assessment, even though the core shroud is not a 
primary pressure boundary. Other compensatory factors include: (1) the confirmation· 
by metallography that actual flaw sizes in the boat samples taken from Dresden 3 and 
Quad Cities 1 are no deeper than .69 inch, and (2) the residual stress and applied 
stress intensity prediction (Attachment MS-10-1) indicate that CGRs will diminish 
significantly with depth based on NUREG 0313. 

The foregoing operating margin assessment may be affected by ComEd technical audit 
activities is the input loads to the Structural Margin Assessment for Dresden. 
However, ComEd has concluded because of work to date that there will be minimal 
impact on operating margins. Our conclusion remains that the observed flaws 
represent no immediate safety concern, and all applicable ASME code safety margins 
will be maintained well beyond the end of the next operating cycle for both Dresden 
Unit 3 and Quad Cities Unit 1. 

Question PR-1: 

Provide the probabilities and basis of the design basis events as well as the data 
sources for the postulated event frequency. Also, provide the contribution to the core 
damage frequency and release frequency for these events • 
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• Response to the June 23, 1994, NRR RAI on Shroud Cracking 

Response PR-I: 

Probabilities of design basis events: 

EVENT DRESDEN 
FREQUENCY 

QUAD CITIES 
FREQUENCY 

1. 
2. 
3. 
4. 
5. 

SSE 
Main Steamline Break 
Recirc Line Break 
#1 and #2 coincedently 
#1 and #3 coincedently 

Bases of above probabilities: 

5.0E-5/yr 
4.IE-8/yr 
3.0E-4/yr 
5.6E-15/yr 
4.IE-11/yr 

2.2E-5/yr 
4.IE-8/yr 
3.0E-4/yr 
2.5E-15/yr 
1.8E-l l/yr 

1. The SSE frequency of exceedance was obtained from updated LLNL curves. 

2. The frequency of an unisolable main steamline break was obtained from the 
IPEs.<1) 

3. The frequency of a large LOCA was obtained from the IPEs. CI) 

4. Derived as follows<2
): 

(5.0E-5)/365 * (4.IE-8)/365 * 365 ==DRESDEN -
(2.2E-5)/365 * (4.IE-8)/365 * 365 =QUAD CITIES 

5. Derived as follows<2>: 
(5.0E-5)/365 * (3.0E-4)/365 * 365 =DRESDEN 
(2.2E-5)/365 * (3.0E-4)/365 * 365 = QUAif CITIES 

(l>section 4.1.1, Initiating Events; Individual Plant Examination 
Submittal, Reference (j) and (k). 

<2)For pU1poses of these responses "coincident" is defined as occurring in the same 24 
hour period. 

Contribution to core damage frequency and release frequency for design basis events: 

The contribution to the core damage frequency and release frequency is presented in 
the IPEs for Dresden and Quad CitiesC3

)_ The values provided in the IPEs are for 
internal (non-seismic) initiators only. ComEd will not be able to address the 
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Response to the June 23, 1994, NRR RAI on Shroud Cracking 

frequency of seismic induced core damage or serious release until completion of the 
IPEEE. Even with completion of IPEEE, coincident seismic events and steamline 
breaks or recirculation line breaks as dual initiators are considered by ComEd to be 
low frequency events. 

C
3)Section 4.6.2, Summary of Results; Individual Plant Examination 
Submittal, Reference (j) and (k). 

Question PR-2: 

Are the shroud cracks in conjunction with die steamline break or recin:ulation pipe 
break events incoiporated in the IPE study? H so, provide the infonnation. 

Response PR-2: 

The shroud cracks are not incorporated in the IPE studies. 

Question ME-1: 

Provide complete structural/mechanical analysis of the core shroud, assuming wo~t
case degradation of the H5 weld up to and including a 360-degree thru wall crack at 
H5 for upset, emergency and faulted plant conditions (e.g., main steam line break 
(MSLB), recin:ulation line break (RCLB), SSE and most severe load combinations). 
Evaluate the effect of three-dimensional shroud movement (e.g., uplift/tilting and 
subsequent dropping, tilting, lateral motion, etc.) on the structural integrity and 
functionality of reactor internal components, equipment and support structures. 

Analysis package should fully describe all analytical assumptions with justifications, 
conseJVatism, methodology (e.g., analytical models and boundary constraints, 
development and application of loads, stress and deflection calculations), and 
conclusions. Also provide infonnation to verify that any computer codes used in the 
analysis have been properly benchmarked. 

Response ME-I: 

The examinations at the Dresden and Quad Cities stations have shown that the flaw at 
the H5_weld.has .. only __ par:tially __ penetrated_the wall of the shroud. Based on the results 
of extensive examinations ComEd has demonstrated through Structural Margin 
Assessments (References (f) and (g)) that the remaining ligaments including crack 
growth over the- next- operating cycle are structurally adequate.--- ComEd has determined 
the minimum required ligament for the shroud under all loading conditions. These 
analyses have included all design basis loads and in addition have considered 
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Response to the June 23, 1994, NRR RAJ on Shroud Cracking 

additional load combinations that are more severe than what is defined in sections 
3.9.3.1.1.2 of the Dresden and Quad Cities UFSAR's. 

In addition to the Structural Margin Assessments, ComEd has assumed the condition 
of a fully severed shroud due to a 360 degree flaw at the H5 location (e.g. no ligament 
is remaining). This postulated shroud condition was analyzed to predict shroud 
behavior during accident conditions and evaluate the postulated loads resulting from 
these conditions. The results of these analyses were provided in References (b) and 
(c). Provided in the following discussions is a summary of the methodology, 
assumptions and judgements made. The detailed calculations, reports and justifications 
are also provided in the attachments. Additional discussion relevant to this question is 
provided in the response to Question RS-3. 

A. Description of the loadings used and applicable load combinations. 

The following loading conditions have been evaluated as part of the ligament 
calculations and for the safety assessment without the ligament: 

Dead Loads - DL 
Buoyancy - B 
Normal Operation Pressure - N (7 psi Dresden, 8 psi Quad Cities) 
Upset Pressure - U (7 psi Dresden, 8 psi Quad Cities) 
Faulted Loads - F 
MSLOCA (12 psi Dresden, 20 psi Quad Cities) 
RRLOCA Pressure (7 psi Dresden, 8 psi Quad Cities) 
RRLOCA Blowdown (17.2 Kip concentrated load) 
RRLOCA Acoustic (175.0 Kip concentrated load) 
Operating Basis Earthquake - OBE (horizontal and vertical) 
Design Basis Earthquake - DBE (horizontal and vertical) 

Provided in Attachment No. ME-1-1 is a copy of the applicable sections of the 
Dresden and Quad Cities UFSAR's defining the applicable design basis pressures, 
loads and load combinations for the shroud. The sections relevant to the shroud have 
been bubbled. Included as Attachment No. ME-1-2 is a free body diagram depicting 
the loads and the points of application on the shroud. Also included as part of this 
attachment are two summary worksheets that define the shroud _section .properties, ___ _ 
loads, stresses and combined stresses in the wall of the shroud (CSSTRES I.XLS and 
CSSTRES2.XLS). Provided in the following section is a description of the methods 
used to calculate the loads used in the evaluations . 
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Response to the June 23, 1994, NRR RAJ on Shroud Cracking 

1. Dead Loads 

The self weight of the shroud and RPV internals have been calculated based on 
the design drawings and are the same as were used for the original design. 

2. Buoyancy Loads 

The buoyancy loads have been calculated based on the relative density of the 
shroud components (0.29 lb./in3

) versus the density of water (0.036 lb./in3
). 

3. Normal Operation Pressure 

4. 

5. 

6. 

The normal operating pressure was taken from the UFSAR (see Attachment 
No. ME-1-1) and was applied as a uniform pressure on the area of the shroud 
head (full inside diameter was used to calculate the total uplift force). 

Upset Pressure 

The upset pressure was taken from the UFSAR (see Attachment No. ME-1-1) 
and was applied as a uniform pressure on the area of the shroud head (full 
inside diameter was used to calculate the total uplift force). 

Faulted Loads 

Faulted pressure loads were taken from the UFSAR and applied as a uniform 
pressure on the area of the shroud head (full inside diameter). In addition to 
the internal pres.sure on the shroud head associated with the main steam (MS) 
and reactor recirculation (RR) LOCA the blowdown and acoustic loads 
associated with the ·RR LOCA have been calculated. The acoustic loads were 
calculated using the time history load profile in the UFSAR (see Attachment 
No. ME-1-1) and by proportioning the total force between the sections of the 
shroud above and below H5. Based on the relative geometry of the shroud 
75% of the total load of 233 Kips has been assumed to act upon the portion of 
the shroud above H5. The blowdown loads have been calculated using a 
potential flow analysis to- determine a net lateral force (17.2 Kips) acting above 
HS. See Attachment No: ME-1-3 for a detailed description of the methodology 
and assumptions used in calculating the blowdown and acoustic loads. 

Seismic ·Loads:: - :· -

The vertical seismic loads were calculated by multiplying the self weight by the 
vertical accelerations (0.133g DBE Dresden and 0.16g DBE Quad Cities). The 
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B. 

. horimntal seismic loads for the limit load evaluation (with a ligament) were 
extracted from the original time history analysis of the RPV and the 
RPV internals. The horimntal seismic movements for the safety assessment 
(postulated 360 degree flaw) were calculated using a parametric time history 
analysis with the original Quad Cities model. See Attachments No. ME-1-3 
and ME-1-4 for a detailed description of the methodology and assumptions 
used in calculating the seismic displacements. 

limit Load Analysis Widi a ligament 

An evaluation was performed which determined allowable flaw depth, since UT 
examinations confirmed that the cracking was not through-wall. The purpose of this 
evaluation was to evaluate the indications found near the H5 weld from a structural 
standpoint. The cracking was as~umed to be 3 60° around the circumference of the 
shroud for the purposes of this evaluation, since the indications discovered were seen 
at all accessible locations. Crack growth estimates were combined with the maximum 
bounding flaw depth of 1.24 inches to determine structural margin. Since the 
irradiation level is low, the fracture toughness is comparable to that of unirradiated 
.material where ductile behavior governs. Therefore, limit load calculations which use 
ASME Code, Section XI safety factors were chosen as the appropriate technique for 
evaluating structural margins for this location. Further discussion of this approach is 
provided in References (f) and (g). 

The limit load approach used was obtained from a net section collapse formulation. 
First, the neutral axis location was determined by equilibrating the force resulting from 
the applied membrane stress, Pm, in the uncracked cross section with the force 
resulting from a stress equal to the flow stress in the remaining ligament (uncracked 
region) at the crack cross section. The faulted load condition provided the limiting 
loads used in this calculation. Per Section XI of the ASME Code, a safety factor of 
1.4 for the faulted condition was also included in these calculations. 

The results showed that a crack depth of at least 96% (i.e., alt = 0.96) of the shroud 
thickness can be tolerated while still maintaining all ASME Code structural margins 
for both the Dresden and Quad Cities Units. These results demonstrate that for Quad 
Cities at le~ a factor of 9. 7 is av-ailable in terms of required area for a 18-morith fuel 
cycle of operatioir'With'-a bounding maximum ·flaw:depth:of+24 inches in-the H5 
weld. These results also demonstrate that-for ·Dresden at least a factor of 16 is 
available for a 24-month operating cycle . 
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C. Safety Assessment For A Postulated Through Wall Flaw At 115 

1. Shroud Movements Under Postulated Loading Conditions 

The shroud lift calculations were performed for the Main Steam and Reactor 
Recirculation Line break and the details are provided in Attachments ME-1-9 
and ME-1-10. These calculations considered the dynamic motion of the shroud 
and have been shown to be conservative (higher) compared to the detailed 
model which considered drag forces, buoyancy force, fluid momentum forces, 
and hydrodynamic masses. 

The lateral movement by seismic excitation, acoustic loads during recirculation 
suction line break (RSLB) and the blowdown loads during RSLB were also 
calculated and the details of the calculation are shown in Attachment No. 
ME-1-3 and in the response to question RS-3. The results of all of the analysis 
are summarized in a table of the movements (see Attachment No. ME-1-8). 

2. Seismic Calculations 

See the response to question RS-3 for a detailed explanation. 

3. Impact Calculation 

Shroud impact calculations were performed using shroud lift values previously 
determined for a postulated main steam line guillotine break event with and 
without a safe shutdown earthquake (SSE) (see Attachments ME-1-5 and 
ME-1-6). A simplified second-order differential equation was used to evaluate 
the shroud impact velocity. Conservation of linear momentum was then 
applied to determine an effective impact velocity of the entire shroud on the 
shroud support legs. This velocity was used as an initial condition to a 
second-order mass-spring differential equation to determine the impact force 
and stress on the shroud and shroud support legs, assuming that the shroud . 
support legs ·take the full dynamic load from the shroud drop and that the load 
is distributed equally. Elastic buckling calculations were also performed for the 
shroud support legs, and the elastic limit of the shroud support leg material-was 
determined .. These values .were compared to the stresses. calculated for·.the. 
shroud and shroud support legs. See Attachment No .. ME-I-7 for a detailed 
description of.the methodology and assumptions.used. 
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4. Functionality of Reactor Internal Components 

See section 7 of Attachment No. ME-1-11 for a detailed description of the 
functionality of the RPV internal components. 

QUestion RS-1: 

What is the total flow value of the LPCI system under accident conditions (i.e., 
WCA, large break and steamline break) with postulated wont-case single failure, and 
what are the limiting single failure assumptions applied and their impacts on injection 
flow! 

Response RS-1: 

The nominal design flows following reactor depressurization ( <20 psig for both 
Dresden and Quad Cities) are approximately 5350 gpm for a single pump and 5000 
gpm for multiple pump injection. With no single failures or equipment out of service · 
conditions, the injecting equipment and flow rates are: 

"A" Core Spray 5350 

"B" Core Spray 5350 

"A" LPCI 5000 

"B" LPCI 5000 

"C" LPCI 5000 

"D" LPCI 5000 

Total 30700 

The normal flow is representative of actual flows without operator intervention. 

The total flow of the ECCS system under accident conditions with postulated limiting 
singl_e_faiJuresis_as_foJlo.w.s. ___________ -----------------------
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Dresden - The ECCS systems consists of 2 trains powered from the unit and the swing 
diesel. Each train has the following: 

l•·••!IY.11••.••••••••••••••• ·•••·········••·•••·::•••:• .... ••-••:·••••·:•:••·••••.· ••••••••••••••••:•l]•••••ll~~~·:·•~·~~····~~~:·•••••• -••••:•••••••·•••••! 

Core Spray (1 pump) 

LPCI (2 pumps) 

4500 gpm at 90 psid 

4500 gpm/pump at 20 
psid 

Quad Cities - The ECCS systems consist of 2 trains powered from the unit and swing 
diesel. Each train has the following: 

Core Spray (1 pump) 

LPCI (2 pumps) 

4500 gpm at 90 psid 

4500 gpm/pump at 20 
psid 

The limiting single failure assumption and the impact of that assumption on injection 
flow is as follows. In the design basis LOCA analysis, the single failures that prove 
most limiting from an injection flow (and resultant PCT) standpoint are: 

1) Failure of a Diesel Generator - this failure can be caused by passive failure 
of the battery, or as a result of active failures in the diesel generator 
mechanical/electrical systems. This failure leads to a single injection train 
being available. (1 core spray plus two LPCI/RHR pumps (3 x 4500 gpm). 
This event is the limiting failure for the Quad Cities plants using GE best 
estimate LOCA methods. 

2) Failure of the LPCI injection valves - prevents LPCI/RHR injection due to 
mechanical/electrical faults. This failure leads to core injection by two core 
spray pumps. (2 x 4500 gpm). This event is the limiting single failure for the 
Dresden -plant using ·-s1-emens-·anatysis··me1hods~ - · -· ··-- - -· · - · 

Question RS-2: 

What is the minimum core water level needed to assure adequate cooling following a 
DBA LOCA? 
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Response RS-2: 

The minimum core height recommended by the NSSS vendor to ensure adequate 
cooling by convection to the steam generated in the lower core regions is the 2/3 core 
height (approximately 8 feet above the core support plate). This condition assumes 
that no core spray is available. With core spray available, adequate cooling is 
expected at levels below 2/3 core height. 

Question RS-3: 

Provide the operating and design basis faulted condition loads for the HS weld. 
Identify the methodologies for detennining the faulted condition loads and justify why 
the methodologies are appropriated (e.g., WHAM, RETRAN, approximate 3-D blow 
down flow analysis). Provide all assumptions with justification conservatism and 
initial and final conditions. In addition, provide all benchmarking and experimental 
data to justify use of all codes. 

Response RS-3: 

A. 

B. 

The design basis loads for all load cases are defined in the response to question ME- I. 
The methodology used to calculate these loads is also provided in the referenced 
response. The justification for the methodology used and a description of the 
applicable computer program validation is provided in the following discussion. 

Acoustic loads due to a RRLOCA 

The asymmetric acoustjc loads applied to the shroud were conservatively calculated 
using a uniform acoustic load distribution. The WHAM code calculation was shown 
to be conservative (higher load magnitudes) in comparison to the experimental results, 
see Attachment No. RS-3-1 for a detailed description .. 

Blowdown loads due to a RRLOCA 

The blowdown load was calculated using the potential flow method, and is described 
in Attachme.n.t NQ~..:.3.-2. In comparison to the blowdo.wn. load. shown in. the. 
UFSAR (reference question ME-1, Attachment No. 1) the calculated loads using the 
potential flow method are higher. The effects of the jet pumps with regard to the 
calculation of the blowdown force is currently being evaluated and will be submitted 
upon completion. This supplemental evaluation will be performed using the following 
two methods: (1) by modifying the potential flow calculation to include the effects of 
the jet pumps in the downcomer annulus, and (2) by performing a three-dimensional 
analysis using the TRACG code. This supplemental evaluation will be performed 
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c. 

within 12 weeks. 

When seismic excitation is not considered, no tipping occurs even if the blowdown 
load stays the same as the maximum acoustic load applied over the entire shroud. 
This indicates that the blowdown load calculated as described in Attachment No. 
RS-3-2 for the portion above HS would have to be increased nearly lS times before 
tipping would occur. By engineering judgement, ComEd has concluded that the 
supplemental evaluations are unlikely to change the conclusion that tipping does not 
occur when seismic excitation is not considered. 

Seismic I.Dads 

The seismic SSE maximum relative displacement between the RPV and the shroud for 
the case of a 360 degree through-wall crack at weld HS was obtained from a base 
support, time history analysis of the Quad Cities primary structure east-west seismic 
model. The primary structure seismic model is a mathematical, center-line model 
comprised of standard beam elements and spring elements. The mathematical 
center-line model is a coupled composite model comprised of : (i) a detailed model of 
the RPV and internals, (ii) the reactor building and drywell, and (iii) the turbine 
building and accounts for the dynamic interaction between--these various structures. 
The analytical model is identical to the original seismic licensing basis model 
contained in the Quad Cities FSAR except for appropriate modifications to account for 
the degraded HS weld condition. A sketch of the analytical model is provided in 
Attachment No. ME-1-4. 

The time history analyses were performed using the Level 2 Engineering Computer 
Program (ECP) SAP4G07 which complies with all requirements of the GE Quality 
Assurance program. 

The primary structure was subjected to the Quad Cities free-field, seismic SSE input 
motion normalized.to a Zero Period Acceleration (ZPA) equal to 0.2Sg. 

Two bounding analyses were performed to account for the 360 degree through-wall 
cracked condition at HS. The shroud was considered to be pin-connected at the weld 
elevation in the first analysis and roller-connected in the second analysis. In the first 
case only shear and not moment could be transferred across the cracked weld. In the 
second case neither shear nor moment could be transferred-a-cross the cracked weld. 
For both cases, very soft springs were added between the RPV and the shroud at both 
the top guide elevation and the core support plate elevation. The addition of the soft 
springs resulted in essentially zero change in the eigendata set for the uncracked 
model. · 
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The soft springs were required to rid the model of the singularities introduced by the 
assumed pinned-connected and roller-connected conditions in the shroud at the H5 
weld elevation. The resulting SSE forces in these springs were also divided by the 
soft spring stiffness to obtain the relative displacements between the RPV and the 
shroud at the top guide and the core support plate locations. 

Question RS-4: 

Provide unavailability data for the foil owing ECCS scenarios: 

Response RS-4: 

1 core spray out; 
1 LPCI out; 
both core sprays out; 
1 LPCI injection valve unavailable; 
and common mode LPCI loop select logic unavailable. 

The following data are overall failure probabilities from the ComEd plant IPE's 
(References G) and (k)): the data includes contributions from maintenance and testing 
unavailabilities, failures to start and failures to run. The data is 1991 data. 

1 core spray out 
1 LPCI out 
both core spray out 
1 LPCI injection 

Dresden 

l.4E-2 
2.6E-3 
2.2E-4 
l.9E-3 

Quad Cities 

5.2E-2 
3.8E-3 
6.7E-3 
1.5E-3 

The IPE's does not include this common mode LPCI loop unavailability and it could 
not be extracted or created from the existing IPE data. 

Question RQ-1: 

In die May 26, 1994, meeting between the NRC and CECO concerning the core 
shroud, CECo indicated it would reevaluate continued operation after 6 months if the 
unit restm:t without repairing the H5 weld. Please provide the details of the proposed 
reevaluation and all other actions to be taken by CECo • 
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Response RQ-I: 

Since April 26, I994 the ComEd Dresden and Quad Cities Core Shroud Project Teams 
have been pursuing the best right answer for the core shroud cracks at the stations. 
During the last 8 weeks ComEd has performed exhaustive inspections and testing on 
the shrouds and has invented methods for doing so. In the process ComEd has 
learned more about the Dresden-3 and Quad Cities-I core shrouds than is known about 
any other shrouds in the country. Throughout this process ComEd has focused on and 
has achieved uncompromising safety and technical excellence. 

The weld thickness at the most significantly cracked shroud weld (HS) is 3 inches. 
ComEd has measured crack depths at this weld from physical boat samples of 0.69 
inch. ComEd has determined what uncracked weld thickness would be required at the 
end of another full operating cycle to assure safety under all accident conditions 
considered for both Dresden and Quad Cities stations. This is the required weld 
thickness. Additional uncracked weld thickness is considered operating margin over 
and above the required thickness. These terms are illustrated on Figures RQ-I-I and · 
RQ-I-2. We have concluded that the Dresden-3 and Quad Cities-I core shrouds have 
the required uncracked weld thickness to assure safe operation for a full operating 
cycle. Also, both stations have additional operating margin of at least 9.7 (QC) to I6 
(Dr) times greater than the required thickness for a full operating period. For a 6-
month operating period the operating margin is at least 13 (QC) to 26 (Dr) times 
greater than the required weld thickness. 

Although a tremendous amount of work has been done during the past 8 weeks, more 
work also needs to be done. This technical problem has many details that remain to 
be rigorously completed. Additional analysis, testing and investigations by ComEd 
and the BWR Owner's Group will continue during the next 6 months. These 
additional results will not change the assurance of safe operation; however, the results 
may increase or decrease some of the conservatism in calculating operating margin, 
and may change some of our understanding of the detailed behavior of a degraded 
core shroud condition. 

Additional work planned for the next 6 months includes scanning electron microscopic 
analysis of the boat samples from Dresden and Quad Cities to determine if the cracked 
HS ring material has a microsegregated microstructure. ComEd plans to complete a 
technical audit of th_~ _analysis wo.rk performed by_~u!Side cont~-~~tors _in __ su_p_p~~- of the 
shroud resolution process. ComEd plans to perform further study of dynamic effects 
in order to better understand the behavior of degraded core shrouds under design basis 
accident conditions. These plans include supporting three-dimensional modelling of 
the asymmetric flow conditions in the reactor vessel during the design-basis 
recirculation line break and the resulting loads on the shroud. The results of this 
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additional work could increase or decrease the amount of operating margin currently 
available at the shroud H5 welds. These results could also change the understanding 
of the behavior of the shroud under design-basis accidents with a postulated through
wall 360 degree failure of the shrouds at the H5 welds. 

Additional work planned for the next 6 months includes planning and preparation for a 
permanent comprehensive repair for the degraded core shrouds that will be an industry 
standard. Also, ComEd will support further analysis and qualification of the core 
shroud ultrasonic testing data and ultrasonic systems utilized to obtain the data. The 
objective of this analysis is to obtain better understanding of the ultrasonic testing 
uncertainties in the Dresden and Quad examinations and to quantify those uncertainties 
for future examinations. The results of this additional work could also increase or 
decrease the amount of operating margin currently available at the H5 welds. 

The results of the fall I 994 industry BWR shroud inspections will also be considered 
by ComEd. These results could impact the priority of repairs or other resolution 
efforts 

Recognizing that the additional work needs to be done, ComEd has established a 
conservative 6-month administrative operating period for both Dresden-3 and Quad 
Cities-I before making any additional inspections or repairs to the shrouds at these 
units. 

The results of the additional analyses and testing and their impact on the degree of 
operating margin or consequences for these units will be reviewed by ComEd as soon 
as the results are available and ComEd may extend the administrative operating 
period for up to 24 months. Alternatively, if the results indicate that the margins are 
reduced to unacceptable levels (see Figure RQ-I-3 for an illustration) then ComEd will 
revise the following resolution priorities and schedules for Dresden and Quad Cities 
Stations; these revisions will be appropriate to the magnitude of changes in operating 
margins, including immediate shutdown of the affected units: 

1. Quad Cities Unit 2-Initially Inspect and/or Repair in Spring 1995. 
2. Dresden Unit 2-Initially Inspect and/or Repair in Spring 1995. 
3. Quad Cities Unit I-Reinspect and/or Repair in Fall I995. 
4. Dresden Unit 3-Reinspect and/or Repair in Spring 1996 . 
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Figure RQ-1-1 
Illustration of Dresden Unit 3 
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Figure RQ-1-2 
Illustration of Quad Cities Unit-1 
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Figure RQ-1-3 
Illustration of Brunswick Unit-1 
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Attachment MS-2-1 Conductivity Trends 
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Attachment MS-3-1 GE UT White Paper e Commonwealth Edison 
Dresden Nuclear Power Station 
6500 North Dresden Road 
Morris, Illinois 60450 
Telephone 815/942-2920 

June 24, 1994 
VPLTR 94-0027 

Mr. William T. Russell, Director 
Off ice of Nuclear Reactor Regulation 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20SSS 

Attn: Document Control Desk 

Subject: Dresden Nuclear Power Station Unit 3 
Quad Cities Nuclear Power Station Unit 1 
Clarification of Ultrasonic Examination Methods Used at 
Dresden Unit 3 and Quad Cities Unit 1 to Address Core 
Shroud Cracking at the HS Weld 
NRC Docket No. 50-249 and 50-254 

Reference: Meeting between Commonwealth Edison (J. Williams, 
P.Piet, et. al.) and the NRC Staff (R. Capra, T. 
Sullivan, et. al.), dated June 21, 1994. 

Dear Mr. Russell: 

In the referenced meeting, ComEd met with the NRC staff to 
discuss issues concerning the core shroud cracking at Dresden and 
Quad Cities Stations. During the meeting, ComEd discussed 
specific issues regarding the ultrasonic (UT) examination methods 
used to establish the depth of uncracked material in the core 
shrouds. The purpose of this letter is to supplement material 
presented during the referenced meeting and to present ComEd's 
exclusion zone approach (attached) . 

ComEd's approach is based upon the receipt of consistent 
geometry signals when examining the HS fillet weld with UT. If a 
flaw were to penetrate the sound path of the transducer during 
the examination of the inner diameter (ID) of the fillet weld 
region, recognizable responses would be detected. The exclusion 
zone approach is similar to that utilized by the EPRI NDE center 
to detect Intergrariular Stress Corrosion Cracking (IGSCC). 
ComEd's approach is discussed in more detail in the attachment to 
this letter. 

The NRC staff expressed concerns regarding the potential 
transparency of a flaw using ComEd's approach near a crack tip. 
It was noted that this phenomenon may have occurred during the 
qualification of other plants' core shroud UT techniques. 
ComEd's methodology detected shallow crack indications along with 
the ID fillet weld using 45° shear wave UT. These flaws were 
determined by boat sample evaluation to be IGSCC, demonstrating 
the detectability of IGSCC with 45° shear wave UT. Because the 
ID fillet weld was observed in each of the more than 2000 stepped 

iL:\VPLTR\0027.94) 



• Mr. Russell - 2 - June 24, 1994 

transducer scans performed on the HS weld, it is unlikely that a 
crack-like defect intersecting the central beam path.would remain 
transparent along the entire inspected length. 

The exclusion zone approach requires that no significant 
cracking be present at the inside surface of the HS weld. ComEd 
did not identify any indications of cracking during the UT 
examinations of the HS welds at Dresden Unit 3 or Quad Cities 
Unit 1. 

Therefore, ComEd concludes that the exclusion zone approach 
is a valid and conservative technique for determining a bounding 
crack depth for the HS weld, because: the ID fillet weld was 
consistently identified during the UT examinations; the 
metallography results show the cracks to be relatively open and 
exhibit grain encirclement, and the technique is very sensitive 
to grain boundaries; the bounding flaw represents the largest 
flaw that could possibly exist; and flaws shadowing the root is 
an established flaw detection method. 

To the best of my knowledge and belief, the statements 
contained in this response are true and correct. In some 
respects, these statements are not based on_my personal 
knowledge, but obtained information furnished by other ComEd 
employees, contractor employees, and consultants. Such 
information has been reviewed in accordance with company 
practice, and I believe it to be reliable. 

Please direct any questions you may have concerning this 
response to this office. 

Attachment: 

Sincerely, 

~£~ 
Site Vice-President 
Dresden Station 

Ultrasonic Examination Methods ...: Dresden Unit 3 
and Quad Cities Unit 1 

cc: J.B. Martin, Regional Administrator - RIII 
C. Miller, Senior Resident Inspector - Quad Cities 
M.N. Leach, Senior Resident Inspector - Dresden 
C.P. Patel, Project Manager - NRR 
J. F. Stang, Project Manager - NRR . .·_ 
R. Hermann, NRR 
Off ice of Nuclear Facility Safety - IDNS 

(L:IVPLTR\0027. 94) 
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Mr. Joe D. Williams, Project Manager 
Dresden Shroud Project 
Dresden Nuclear Power Station 
Com Ed 

GE Nuclear Energy 

- --- -· --- --- ··- -·------- -------

June 24, 1994 

Subject: Ultrasonic Examination Methods Report, Dresden 3 and Quad Cities 1. 

Dear Mr. Williams, 

Attached please find the Subject Report, as authored by Mr. Tony R. Jaschke, 
GE Nuclear Energy UT Level Ill. 

The report describes an alternate approach to establishing with certainty the 
depth of uncracked material in the Core Shroud HS Weld of the subject reactors. 

n E.Nash 
, - E Site Services Manager 

~- Dresden Station 
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GE Nuclear Energy 

ULTRASONIC EXAMINATION METHODS 

As used at Dresden 3 and Quad Cities 1 

Introduction 
An inconsistency between the depth of flaws determined by UT sizing techniques 
versus the actual measured depths determined by examination of boat sample cross
sections was discovered at the HS weld location during the recent ultrasonic examination 
of the Dresden 3 and Quad Cities 1 shrouds. An alternate approach was developed to 
establish with certainty the depth of uncracked material in the shroud. This alternate 
approach is identified as the exclusion zone approach and is the subject of this report. 

45° shear wave exclusion zone 

The examination recorded fillet weld geometry with both the 4S 0 shear (as well as 60° 
RL) transducer, because of the shroud geometry at the HS weld (see Figure 1). The 
geometry signals were from the fillet weld on the ID surface. This weld geometry gave an 
excellent benchmark indication on the system C-scan using both 4S 0 shear and 60° RL 
search units. It is the 4S 0 shear that is used as the primary exclusion zone transducer. 

Figure 2 shows the 4S 0 sound pattern including beam spread and how it can insonify the 
entire ID fillet weld region. The technical basis for establishing an exclusion zone is the 
fact that during normal examination of the weld, geometric signals were consistently 
recorded from the fillet weld. If a flaw were to penetrate the sound path of the 4S 0 

transducer while the transducer was insonifying the ID fillet weld region, 2 responses 
would be recorded on the acquisition system: 

1. The response amplitude from the ID fillet weld region would be noticeably reduced 
by the flaw. 

2. An indication response of the shorter metal path to the flaw, than to the ID 
fillet weld, would be observed. 

During acquisition and analysis of these data, the examiner and analyst would recognize 
these indication responses and record them as part of the final data package. 

This detection method is directly analogous to techniques taught at the EPRI NOE center 
for IGSCC detection. For example, when an operator finds a signal that obscures the 
response from the weld root geometry, he can be confident that the signal is a crack. 
Conversely, if no signal obscures the response from the weld root geometry, it is 
concluded that no crack is present between the 45-~--shear--wave..lransducer and the weld 
root. This premise is fundamental to IGSCC crack detection using a 4S 0 shear wave. 
Figure 3 below displays this concept for the HS weld configuration. In this case a flaw 
intersects the 4S 0 sound beam at its mid point, obscuring - SO% of the sound energy, 
which-would both reduce the ampLitude_re.sponseJcomJheJQ fillet weld,-i!od produce a 
response from the flaw at a shorter metal path. 
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Transmiss·lon of sound through flaws 

A note of concern for the exclusion zone approach has been raised based on the notion 
that the crack would be transparent to the sound beam near the crack tip. It was noted 
that this phenomenon may have occurred during the qualification of Time of Flight 
Diffraction (TOFD} techniques for the Brunswick shroud UT. Through conversations with 
the team members involved with this TOFD qualification, including EPRI NOE Center 
personnel, it was detennined that the sound transmission through cracks referred to was 
observed with the lateral wave produced using the TOFD technique. This lateral wave is 
a longitudinal wave, whereas the 45° search unit discussed for this applicatic:m is a shear 
wave. Shear waves reflect sound energy from multifaceted flaws more strongly than 
longitudinal waves. Additionally, the crack morphology, as evidenced in the Dresden and 
Quad Cities boat samples, show these cracks to be open, with some grain encirclement 
from corrosion, enhancing sound reflection. Figures 5 through 8 show example cracks 
from each of the 4 boat samples taken at Dresden 3 and Quad Cities 1. 

Empirical data supporting the 45° shear wave crack detection is available in shroud 
exams performed to date with the OD Tracker system. Shallow crack indications 
(determined to be IGSCC by evaluation of boat samples at Dresden 3 and Quad Cities.1} 
were detected with the 45° shear wave transducer, with the response from the ID fil,let 
weld also present. Since the ID fillet weld was observed in each of the more than 2000 
stepped transducer scans, it is unlikely that any crack-like defect intersecting the central 
beam path would not have been seen. Therefore, the 1.24 inch bounding limit on crack 
size is assured. 

Detection of flaws at the inside surface of the HS weld lower toe 
Assurance of the depth of uncracked material established by the exclusion zone requires 
that no significant cracking be present at the inside surface of the HS weld lower toe. 
The 45° shear wave scans the entire fillet weld region including the intersection with the 
Core Support Plate Ring. This intersection is readily apparent in the recorded data, as 
are reflections from minor surface irregularities such as machining marks on the ring. This 
establishes a high sensitivity for detection of cracking and it is the judgment of the Level 
Ill analysts that cracks would be reliably detected. No indications of cracking from the 
inside surface were noted during the UT examinations of the HS welds at Dresden Unit 3 
or Quad Cities Unit 1. 

Conclusion 
The 45° shear wave technique for determining a zone of sound metal is a valid 
technique. The technical justification behind this opinion is as follows: 

• The 45° shear wave search unit consistently recorded the ID fillet weld during the 
examination. 

• The 60° RL also recorded this fillet weld geometry. 

• The metallography results show that these cracks are relatively open and exhibit 
grain encirclement. The flaw branches extensively in several instances . 

• The 45° shear wave is very sensitive to grain boundaries. Crack morphology as 
seen in figures 5 through 8 show grain encirclement, and multifaceted flaws. The 

6 
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45° shear wave would reflect sound energy from the multifaceted flaws, which 
would then._ be. recorded by the system as crack tip reflections and/or as 
interference with the fillet weld reflection. Empirical data from boat sample 
evaluations indicates that the shallow flaws detected by 45~ shear wave were 
IGSCC. 

• The 1.24"flaw exclusion is based conservatively on the center of the beam. The 
previous figures show that approximately 50% of the sound energy, including 
beam spread, would be blocked from the fillet weld for a 1.24" flaw. This 
dimension represents the largest flaw that could possibly exist and still see the 
fillet intersection with the vertical cylinder. 

• Sound transmission through a crack (if it occurred) would be further attenuated in 
this application because of the two-way transmission through the crack to the fillet 
weld and back to the transducer. 

• Flaws shadowing the root is an established flaw detection method . 

7 



Attachment MS-10-1 GE FEM, GLS-94-12 

GLS 94-12 
June 17, 1994 

TO: Tom Spry, ComEd 

FROM: 

FAX: (8111.942-2920, X-2922 

Gary L./s':tns -- GE San Jose 

GE Nuclear Energy 

Structural Mechanics Projects 
175 Curtner Avenue MIC 747 
San Jose, CA 95125 
Phone: (408) 925-5382 
FAX: (408) 925-1150 

cc: S. Ranganath 
H. Mehta 
ORF 137-0010-7 

(GE-NE-523-A69~594) 

SUBJECT: Stress Intensity Factor Distribution at the Shroud H5 Weld 

--------------------------------------------------------------------------------------------------------------------

This letter documents the results of an evaluation to determine stress intensity 
factor as a function of crack depth in the vicinity of the shroud HS weld. 

Weld Residual Stress Distribution 

Based on prior finite element model analysis for the shroud H3 weld location, the 
weld residual stress distribution shown in Figure 1 was utilized for this evaluation 
applicable to weld HS. The stress distribution shown in Figure 1, although derived for 
the H3 weld location, was considered to be a reasonable approximation of the stress· 
pattern for the HS location because of the geometric similarities between the two 
locations (i.e., full penetration butt weld backed by a fillet weld, shroud cylinder 
attached to a support ring, etc.). The H~ and HS welds are in fact mirror images of 
each other, each possessing identical dimensions. Therefore, it is reasonable to 
assume that the residual stress patterns obtained by finite element analysis for either 
weld would be similar. 

The prior analysis which determined the residual stress distribution for the H3 
weld region utilized techniques similar to those described in Reference 1. The nugget 
area heating method was employed to the full-penetration and fillet welds (using 
multiple passes) on a two-dimensional, axisymmetric finite element model using 
ANSYS (Reference 2) of the H3 weld region to determine the temperature distribution 
resulting from the simulated welding process. This was followed by an elastic-plastic 
stress analysis to obtain the final residual stress pattern resulting from the welding 
process. The resulting vertical (or shroud axial) stress pattern is shown in Figure 1. 

Page 1 
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TOP OF SHROUD 

1.0" FILLET WELD 
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ESTIMATED WELD RESIDUAL STRESS 

PATTERN 111" BELOW WELD HI 

(Streu In shroud vertical direction) 

Figure 1: Estimated Weld Residual Stress. Distribution for Weld HS 
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Only sustained stresses are considered for determining · the stress intensity 
factor profile for this evaluation; as a result, seismic stresses are not included. The 
axial pressure stress of 0.178 ksi (Reference 3) applicable to the HS weld location for 
normal/upset conditions was superimposed on the residual stress profile shown in 
Figure 1. Deadweight stresses were neglected since they are compressive in nature. 
The Buchalet-Bamford method (Reference 4) was employed for calculating stress 
intensity factor as a function of crack depth for the resulting stress profile. The 
resulting stress intensity factor profile as a function of crack depth is shown in Figure 2. 

REFERENCES 

[1] EPRI Report No. NP-3479-LD,. "Last-Pass Heat Sink Welding," Project T109-3, 
Electric Power Research Institute, Palo Alto, CA, March 1984. 

[2] G. J. DeSalvo and R. W. Gorman, ANSYS Engineering Analysis System User's 
Manual, Swanson Analysis Systems, Inc., Houston, PA, Revision 4.4a, 
May 1, 1989 . 

[3] GE Report GENE-523-05-0194, Revision 0, "Evaluation and Screening Criteria for 
the Dresden 2 and 3 Shrouds," W.F. Weitze, GE Nuclear Energy, March 1994. 

[4] C. B. Buchalet and W. H. Bamford, "Stress Intensity Factor Solutions for 
Continuous Surface Flaws in Reactor Pressure Vessels," Mechanics of Crack 
Growth, ASTM STP 590, American Society for Testing and Materials, 1976, pp. 
385-402. 
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Figure 3: Stress Intensity as a Function of Crack Depth 
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June 11, 1994 

Attachment MS-10-2 Estimate of Ferrite Content 
To: Tom Spry 

From: nick smittfPf i.1 

Subject: Estimate of Ferrite Content for Dresden Unit 3 Core Shroud Welds 

The ferrite contents for the subject welds have been estimated from the Delta Ferrite Content 
diagram given in Figure NB-2433.1-1 of the 1989 Edition of ASME B&PV Code Section III, 
Division 1. Compositions of the weldments are taken from available CMTR's from 
Willamette Iron and Steel records for Job No. 660510. The process is Submerged Arc 
Welding using 1..i5 inch diameter wire. Three heats were identified with this job although ,. 
individual heats could not be associated with individual welds. All welding consumable 
materials identified were from Sandvik Steel Inc. and were designated as ASTM 3 71-62 
(Type 308-L). This also called Sandvik 3Rl 7. Wire was spooled on 60# reels. It is assumed 
that these heats represent the filler used in the HS weld. 

Heat No. c Si Mn f £ Cr Ni NiEQuI. CrEQUI 

7-06635 .020 .50 1.62 .006 .010 20.5 9.7 12.91 21.25 
7-06278 .023 .35 1.70 .008 .011 20.4 9.8 13.14 20.925 
7-06601 .021 .41 1.66 .012 .008 20.4 9.3 12.56 21.015 

The equivalents were plotted on the attached diagram (referenced above) and a range of 
ferrite contents determined to represent what might be expected for the welds in the core 
shroud. The range is 9.0% to 10.75% ferrite (FN 10 - 12) . 
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Aus1eni1e 

Aus1en11e t Ferule 
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• 

26 27 

'° OD 

'° VI 

g 
0 z --!"'" 
0 
< -ti.I 
0 
z 

z 
t:tl 



.• _.:. . • - - '" l - ~ . ff. • ............ • :i' •- \~ ._. I .• ' • / 
-- ..... "\ .·:-.. , ..... , '!\ .~ '. • •• 

~ ·'·~··.: .. •••"'" ;. "1:~ ~· _,_..... • • •• , 'l::1 ~ 
• 11.allllY',. ...... ~... ·.~ -

• 9 
0 
L 
c 
"!' 
0 

r; S."';;l:S ~!~E..?J t:~ P?.·:,t·:i~·rs , 
1' • :::! • -~i; ·~ ~"; 2!;.: 
n;.:i':·. L·,;1u, (f:~ .. ~-::~~~ 

..r. 
. -~~-....... 

c 
; ll 3~ 52 0 

:-------u··-u· .... ":'~)- -- ---- -··--n·-,1·3- r;~--. 
. 1 o~u1:11,.;;. '" "-•-' · -::••r .o.J.. - !•JV 

··-··----· . ·-·---.·!,•.,:·~~'"'!r- . -· --·. ·--- _ .. -12/-:-"·r /. ,..,:--,--·-
.,.. ...... ,.:1 ."'"'"" ...... .J'-''-··· C,..\~£ ,.Jc..,,, ... ., 

T 

0 
w 
I: 
~ ...... Cot.ts. ~ .... ~-~.a 
J . 

--- .'.',-...!~-----' ........ --·-- ----·~·~ -··· -·-· - .. -- ----
TE'n:~s ,;,: .. 1 J. •• -.<..• ~· r" .-"'J w .... , ,!.T 

di~ •. ~= tj-.j lb. 
~--~·j ril.&gs 

:.-..·:--:.·-:-. ":'.--- .. ~- ~ --=-~·. 

- -~J'·• 1· .......... , .J'\.. _.., 

-· 

·1 •• st 
'·.:. 

" ~-~-~~.., 
~ ..:.•:--.:;,,. !"•\."· - ~- •• , 

Ct S'.''""~L· ~Nt-~~-:•1:._~~~ -•·'"···• - -• &. _..,.. ~I.••· .... .:.~~[iW&"• 

s~-.: -· ... 
... "''· \,o#, 

-·.l . 
I 
I 

I 
! 

~· 

6(r;OSIO 

--r-/'. .. 
I • ~ • .;· 

!!~"-~ ~ki. C Si ;~ _P_._._· ... -..... :_·_-! .. • _. _,·-.s.· .. •. ~.:-___ .. _;-s;;;··.t;.... 
--·---------------------.... - _ _.,.__ 'F' ... 

·-·.:. J •..:.·•.,:-: -==-~ 

. ·.::-

-. 
:.~~., ~ ... ; 
-- -· 

.:.- ..... ·, 

.. ;. - .... ~ ... 
. -.. ·-·'· '··· .... ,_. 

I ·•· "' •.. '•' 

• 50 

... 

l 
,., 

.:..1.1. 

. ... 

-· -~ 

... 

.O!O 

· .............. _ 

. ·"'--

, .•.. ~; .. 

9.7 
. · 

• .. 
'MArL. CERTS. CHECKED CD 

: ~:: ;: . . , 
•' I 

•.•;•.,•••I .... ··~ '!• Iii, ·~•o I, 1, ..•. . ... ~-

• • • • .!! .................... ,;1 '": ..••.. 
• -.-""' -' I ··-· •1··~ .• ' t I ' 



..., .... _ .. __.,,. . --- - ----
. _/ 

Will&l:lette_ .:.Iron fr'· - '~el 
22QO tJ fz;sl' ·iront ~"erwc 
Portl~~d, O~egon 

•• 
Typ<? 303-L (S~!1DVI!~ 3Rl7) \·~eldinr; Hire 

Material: cm 60§ Reels, to }.Sui 371-62. 

2.356.6 Lbs. 

Cut No. 

-06~35 .020 

.... -.. 

........... ;\Q. 

Our Order .............. No . 

Our Invoice ............ No. 

er Ni 

" "' :.!O.Y9.1...---

15169-L 

555443 
.11/30/66 

SAllDVI::t S'IEE!.., Inc. 

B. A. Fernci~~.ls 

• ··--'l --'--~ 



. SANDVIJI STEE-r ll1JC. 

• Willnmette Iron & Steel 
2800 H. West Front Avenue 
Portland, Oregon 

---.. --··-- ----· 

Materfal: Type 303-L (SA!r!>VI~ 3Rl7) '·:elding Wir~ 
.on 60:.i Reel:;, To '"'lST!·I 371-62. 
353. 0 Lbs l/S" di~. 

Cast No. 

" ·•OW' UNO/a' ·--··-- ~o. 21773 

Your SpeciAc11.Lion No,'"· 5000 Lb~. 

Our Order .............. No. 15169-L 

Our Invoice ............ No. 58777 l/13/ 

7-05278 .023~35/i.107.ooa ,.,,.0117zo.~9.s_.../" 

• 
... 

l .. '\'3·. C?:"'.11"' • C!.,1:;''''=n @'' u!J I. """\ ;) • • -· , . .;.JJ C ,,-- . • . . -t::· 

• 

R E. C E f v ~· :--....... :_1 

MAR 16 1527 
.Will3m~U!? n c o~ 

· -·· -'<· • ~Pt • 

MATl • CEHTS • CHECi® © 

SAllDVI'.: S'l'EE.L. Inc. 



!~ . ~ r.,.· • .:J \,/ .:.~.~ IW -~.....-. 'J ............. 
. ,· 

-----
. ·--- -- - .. 

·u111~~ette Iron & Steel 
2800 tl. West Front Avenue 
Portland, Creson 

Material: 'type 30J-L (S/~!DVIl'- 3Rl7) Welding Wire 
on 60~ reels. To 1'.S'n·i 3 71- 62. 
2313. 5 Lbs. 1/8 11 dia. 

Our Order .............. No. 

Our Invoice ............ No. 

15169-L 

555.443 
11/30/66 

c. Sl Mn P s er ru. 

" " " "' ~ " '· Cast No. 

7-06635 
.... 

·7-06601 
\. .· 
~-·-

• 

. . . •• 

M.4R 1 6 1557 

. Willam.=ue Q. c D":""t • •iJ • 

SA:1DVI!t STEEL, Inc. 

B. A. Fernaeu~ 



· s.r.t.NDVIK STEEL. INC. 

Willamette Iran & Steel 
2800 N.West Front Avenue 
Portland, Oregon. 

Yoar- Order ............ No. 

Your Speci.Acatioa No. 

Our Order .............. No. 

Our IaYoice ........... No. 

21773 

5000 Lb11 

15169-L 

555.443 
11/30/66 

CERTIFICATE OF ANALYSIS 

Materi&l: Type 308-L (SANDVIK "3Rl7) Weldin; Wire 
on 60# reels. ~nt 371-62. 
2313. 5 Lbs. (11_.}/ dia. 

C Sl !dn P S Cr 
Cut No. ~ ~ % ~ ~ ~ 

7-06601 

• 

1 I ' .... 
1. 

-. . : · ... 
'· • .:· :";! . . . ~ . . .. .. 

.. 

S.AHDVIX STEEL, Inc . 
... 

B. A. Fernaeua 
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MEMORANDUM 

June 19, 1994 
Attachment MS-15-1 Short Transverse Tensile Properties 

To: Core Shroud Team File 

From: Richard Smith fi? e~ 
Subject: Short Transverse Tensile Properties for ASTM A-240 Heavy Plate Austenitic 

Stainless Steel 

This memorandum documents my telephone conversation with Mr. Robert Swinderman of 
Oak Ridge National Laboratory regarding my request for information on tensile properties of 
austenitic stainless steel plate in the through-thickness orientation. Bob indicated that he had 
properties developed for the Breeder Program and that a report could be made available to 
support us. Unfortunately, it will take some time to locate the report. His recollection was 
that very little difference, if any, exists for the highly ductile austenitic stainless steel, and 
that directional property differences are within the scatterband for measurement. 

In the meantime, he reported to me some test data he had measured for a 2 inch plate of 
annealed material. This plate had been formed into a hemispherical head for a pressure 
vessel. ·The head required the use of several penetrations and through-thickness properties 
had been required. The plate material was ASME SA-240 in the annealed condition delivered 
with CMTR's and prolongations for testing. The following properties are tabulated based 
upon the telephone conversation: 

Measured Property 

Ultimate Tensile Strength 
a. CMTR 
b. Prolongation 
c. Anneal@ 1093°C 
d. Test Piece 

Reduction In Area 
Elongation 
Hardness 
Grain Size 

Test Orientation Test Value 

Longitudinal 
Longitudinal. 
Longitudinal 
Short Transverse 
Short Transverse 
Short Transverse 

n.4 ksi 
85.4 ksi 
78.3 ksi 
81.6 ksi 
66.14% 
102% 
Rs 55-69 
1 to 2 

Bob was going out of town for a few days, but when he returned he would search for the test 
data. He does have a few test pieces left of the short transverse orientation. Interestingly, 
GE had called this week for information on the same topic. This test result was pulled for 
him. I believe his last name was Hampton . I will pursue this issue further next week. 

- ------------·-· 



Attachment MS-1s.:.1 Operating Margin for Dresden 

Margin for Dresden Unit -• Operating 
Core Shroud (HS Weld) 

+ 
+ + 

+ + + ... 
+ ... + 

+ + + + 
+ + + + 

+ + + + + + 
+ + + + + + 

+ + ... + 
++ + + + + + + + 

+ + + + + 
+ + + + + + ++ + + + 

... + ... ... 
+ + ... + ......... ++ + 

+ ++ + + + ++ + 
+ + + + + + + + + + ... 

+ + + + + ... + + + 
+ +· + + + + + + + + + + + ... 

+ + ... + + ... + ... + + 
... + ++ ... + + + + + ... 

+"'" ++ ++ ... + ++ +.;. + +-4- ++ ++ ++ ++ ++ ++ 
++ + + + + ... 

Exclusion Zone 

,j -E:: -- l 2 4 II ------'>~!<~- 0, 8" ~ t:o.oi" ~" 

3 

Crock Growth Minimum Ligament 

Projectionx for Structural Margin 

0 .8" = 5E-5 in/hr Crack Growth Rate 

0.2" = 1.24E-5 in/hr Crack Growth Rate 
-------·--

0.08" = 5.2E-6 in/hr Crack Growth Rate 

x Assumptions_ 
a. 24 month operation cycle. 

---·····--·---------------------~ 



Attachment MS-18-2 · Operating Margin for Quad Cities 

Operating Margin for Quad Cities Unit-1 
Core Shroud CHS Weld) 

i..E-------- 2 I I ---------=::;;.+.E-,--- 111-------=~ 

0.06 11 ~~~; 

Exclusion Zone 

~1.04 11 

k-0.12 11 

'· 

~-- 1. 2 4 II ----3>.+E'I~- 0. 6 ,,_j 
Minimum Ligament Crack Growth 

Projectionx. 

0.6" · = 5E-5 inlhr. Crack Growth Rate 

0.16" = 1.32E-5 in/hr Crack Growth Rate 

0.06" = 5.2E-6 in/hr Crack Growth Rate 

:.: As sumptio-ns 
a. 18 month operation cycle . 

for Structural Margin 

... ---- ··- --·------------------------' 
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Sections of Dresden and Quad Cities FSAR 

DRESDEN - UFSAR 

3.9.3.1.1 Reactor Pressure Vessel and Supports 

The reactor vessel is described in Section 5.3. The reactor vessel is supported by a 
steel skirt. The top of the skirt is welded to the bottom 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. 

Stabilizer brackets, located below the vessel flange, are connected to tension bars 
with flexible couplings (see Figure 3.9-1). The bars are then connected through the 
drywell to the concrete structure outside the d.rywell to limit horizontal vibration 
and to resist seismic and jet reaction forces. The bars are designed to permit axial 
expansion. 

3.9.3.1.1.1 Acceptance Criteria 

The Dresden reactor pressure vessels were designed according to ASME Section Ill, 
1963 Edition, including the Summer 1964 Addenda, plus code case interpretations 
pertaining to primary nuclear reactor vessels applicable on February 8, 1965 (see 
Appendix 5A). Applicable code cases and exceptions are described in Section 3.2. 

Design of the primary reactor vessel supports was governed by the ASME Code, 
the American Institute for Steel Construction (AISC) Structural Steel Code, the 
American Concrete Institute (ACI) Code. 

Design Loadings 

Information regarding the design transients and fatigue evaluation of the reactor 
pressure vessel is presented in Section 3:9.l.l. 

This subsection describes the loads and load combinations applicable to the design 
of the reactor pressure vessel internals and supports. 

The applicable loads for the reactor vessel internals and supports, and for the 
emergency core cooling system equipment and piping covered in Section 3.9.3.1.2.2, 
are defined as follows: 

D---=--.,·Dead~loaaof 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 loss-of-coolant accident (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. 

3.9-6 
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E = Operating basis earthquake (OBE) load, ground horizontal g = 0.12. 
vertical g = 0.08. 

T = Thermal loads on containment due to LOCA. 

E1 = Safe shutdown earthquake (SSE) load, ground horizontal g = 0.24, 
vertical g = 0.16. 

Following are the load combinations used for the reactor vessel and vessel supports. 

Reactor Primary Internals 

D+E 

D + E1 

P+D 

Stresses which occur as a result of the maximum possible 
combination of loadings encountered in operational conditions; 
they are within the stress criteria of ASME Section III, Class A 
Vessel. 

The primary stresses and primary plus secondary stresses are 
examined on a rational basis taking into account elastic and 
plastic strains. These strains are limited to preclude failure by 
deformation which would compromise. any of the engineered 
safeguards or prevent safe shutdown of the reactor. 

Primary stresses are within the stress criteria of ASME Section 
III, Class A. The primary stresses and primary plus secondary 
stresses are examined on a rational basis taking into account 
elastic and plastic strains. These strains are limited to preclude 
failure by deformation which would compromise any of the 
engineered safeguards or prevent safe shutdown of the reactor. 

Reactor Primarv Vessel Supports 

D + H + E Stresses remain within Code allowables without the usual 
increase for earthquake loadings (AISC for structural steel; ACI 
for reinforced concrete). 

D + H + R + E Stresses do not exceed: 

• 150o/c of AISC allowables for structural steel 
• 90% of yield stress for reinforcing bars 
• 85% of ultimate stress for concrete 

I D + H + E No functional failure - usually stressef? _d-.9.P.P_t_exceed the yield 
-·- __ point . .of"the material for steero:itne ultnnate strength of the 

concrete. If these limits are exceeded energy absorption capacity 
is determined and compared to the energy in:put from the 
earthquake. The design is such that energy absorption capacity 
exceeds energy input . 

3.9-7 



Table 3.9-18 

RPV IXTER.'."ALS PRESSI:RE DIFFERENTIAL 
DCE TO RECIRCL"LA.TIOX LI~"E RL"PTL"RE 

.4/l,c}/"'1t~/ / 
?A/c o/ 

:\fajor Component Maximum dP <psil Design Capabilitv dP rpsi 1 
1 

Shroud Support 2 25 1initial) 100 

Guide Tube 1 i I initial) 68 

Lower Shroud12
' 25 (initial) 185 

Cpper Shroud12
! 7 (initial) 185 

Core Plate 17 <initial) 50 

Shrnnci Head Assemblv 19i--7 ~ 25 
~ 

/1,; /yl'otf >'4J'll';A / e,., 0 , W~$ /,;_/,/~/ ,.~ 
4-e cAfe.ut/u;~J us.et:/ -r4 111s/ VAive. 

Xotes: 

1. This is the pressure differential consistent with ASME Code allowable stresses. For 
primary loading, considerably higher differentials can be sustained before failure. 

2. Core cooling dependent. 

(Sheet 1 of l l 



• Table 3.9-20 

RPV I~TER.'\ALS PRESSCRE FORCES 

.Ylajor Com12onent Pressure Force 

Shroud Support P 1-P4 

Guide Tube pi.p3 

Core Plate P 1-P3 

Lower Shroud P 1-P4 

Cpper Shroud P3-P4 

Shroud Head Assembly P3-P4 

Jet Pump Diffuser P 1-P4 

Xotes: 

.4~cJ.J;t1E~f' I 
/'~JG o/ 

Initial Value (Qsi 1 

25 

17 

17 

25 

7 

7 

25 

1. Refer to Figure 3.9-5. (BWR Internal Configuration) for location of pressure nodes. 

(Sheet 1 of 1) 
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The following subsections have been organized to provide a discussion of the design for. the 
reactor vessel and vessel supports (Section 3.9.3.1.1), mechanical equipment (Section 
3.9.3.1.2) and piping (Section 3.9.3.1.3). Fatigue evaluation of the reactor vessel was 
discussed previously in Section 3. 9.1.1.1. · 

As defined in Section 3.2, mechanical systems and components which have been 
designated as safety Class I are either vital to safe plant shutdown or systems and 
components whose failure could cause significant release of radioactivity. Throughout this 
section use of the term "Class I" refers to this classification basis and not to ASME Code I 
classifications. See section 3.2 for definition of all safety classifications. · 

3.9.3.1.1 Reactor Pressure Vessel and Supports 

The reactor vessels at Quad Cities Station Unit 1 and 2 are described in Section 5.3. The 
reactor vessel is supported by a steel skirt. The top of the skirt is welded to the bottom 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 . 

.Stabilizer brackets, located below the vessel flange, are connected to tension bars with 
flexible couplings. The bars are then connected through the drywell to the concrete 
structure outside the drywell to liIIl.it horizontal vibration and to resist seismic and jet 
reaction forces. The bars are designed to permit axial expansion. 

3.9.3.1.1.1 Acceptance Criteria 

The Quad Cities reactor pressure vessels were_designed according to the ASME Code, 
Section III, 1965 Edition, including the Summer 1965 Addenda. Applicable code cases and 
exceptions to the Summer 1965 Addenda are described in Section 3.2. 

Design of the primary reactor vessel supports was governed by the ASME Code, the 
American Institute for Steel Construction (AISC) Structural Steel Code, the American 
Concrete Jnstitute (ACI) Code, and by special requirements and standards set forth to
provide safety assurance in the event of specific occurrences not covered by the various 
codes. · 

···---"""-~-, <··- .,. -- - --· -- ----

Information regarding the design transients and fatigue .evaluation of the reactor pressure 
vessel is presented in Section 3.9.1.1. 

This subsection describes the loads and load combinations applicable to the design of the 
reactor pressure vessel and vessel supports. 

The applicable loads for the reactor vessel and supports are defined as follows: 

3.9-9 Revision 1, June 1992 
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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 = 

R = 

H = 

T = 

E = 

E' = 

L = 

Pressure due to loss-of-coolant accident (LOCA). 

Jet force or pressure on structure due to rupture of any one pipe. 

Force on structure due to thermal expansion of pipes under operating 
conditions. 

Thermal load on containment, reactor vessel, and internals due to LOCA. 

Operating basis earthquake (QBE) load, ground horizontal g=0.12. vertical 
g=0.08. 

Design basis earthquake (DBE) load, ground horizontal g=0.24, vertical 
g=0.16. 

Wind live load beyond normal building code requirements. 

Following are the load combinations used for the reactor vessel and vessel supports. 

Reactor Vessel and Primarv Internals 

D+E 

D + E' 

P+D+T 

Stresses which occur as a result of the maximum possible combination of 
loadings encountered in operational conditions are within the stress criteria 
of ASME Code, Section III, Class A Vessel. 

The primary, and primary plus secondary stresses take into account elastic 
and plastic strains. These strains are limited 'to preclude failure by 
deformation which would compromise any of the engineered safeguards or 
prevent safe shutdown of the reactor. 

Primary stresses are within the stress criteria of ASME Code, Section III 
Class A. The primary and primary plus secondary stresses are examined 
and take into account elastic and plastic strains. These strains are limited 
to preclude failure by deformation which would compromise any of the . 
engineered safeguards or prevent safe shutdown of the reactor. 

For the reactor vessel, primary stresses have been limited to 90% of the material yield 
strength. 

D+H+E 

D + H + R+ E 

Stresses remain within Code allowables without the usual increase for 
earthquake loadings (AISC for structural steel, ACI for reinforced 
concrete). 

Stresses do not exceed : 
• 150% of AISC allowables for structural steer·-----~ .. ------.. · -.. 
• 90% of yield stress for reinforcing bars. 
• 85% of ultimate stress for concrete. 

3.9-10 



: .. SRRGENT&LUNDY 21F29 

• 
Component 

Shroud support 
Guide tube 
Core plate 
Lower shroud 
Upper shroud 
Shroud head 
Dryers 
Channel box 

Notes: 

Table a.9-19' 

REACTOR INTERNAL PRESSURE DIFFERENTIALS 

tl PAt 
Turbine-Generator 

Design Power · 

25 
17 
17 
25 
8 
8 
2 
9 

Maximum t:,. P Muimum fl P 
Following A Steam Following a Recirculation 

Llne Break Line Break 

43 
30 
30 
43 
20 
20 

4Not. I 

16 

25 
17 
17 
25 
8 
8 
2 
9 

1. E..-aJuated from the outside steam-line break desaibed in Chapter 15. 

(Sheet 1 of 1) 
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Table 3.9-20 

JUN 17'94 10:29 No.002 P.03 

Af~N~,e:..vf/ 
?Ae)"t: DI' 

PRESSURE FORCES ACTING ON MAJOR REACTOR INTERNAL COMPONENTS 

• 

Notes: 

Ma.jor Component 

Shroud support 

Guide tube 

Core plate 

Lower shroud 

Upper shroud 

Shroud head 

Jet pump diffuser 

P1·P• 
P1-P9 

P1-Pa 

Pi·P, 

P1·P4 

Pg·P4 

P1-P• 

l. Refer to Figure 4.1-2; subscripts refor to mode) nodes shown on Figure 3.9-7. 

(Sheet 1 of 1) 
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Attachment ME-1-2 Free Body Diagram and Summary 

FREE BODY DIAGRAM 
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FREE BODY DIAGRAM 
RR LOCA ACOUSTIC LOADS 
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~resden Core shroud Summary of Loads and Stresses A- Horizontal Weld Location COMEO Oesign Review · • 

Shroud Weld 

Combined 
Stresses 
DL+B+N 

Combined 
Stresses 

DL+B+U+OBE 
(Psi) 

Combined 
Combined Stresses 
Stresses DL + B + F 

DL+B+U+OBE MS LOCA 

Combined 
Stresses 

DL+B+SSE 
(Psi) 

Combined Combined Combined 
Stresses Stresses Stresses 

DL + B +SSE DL + B + F + SSE DL + B + F +SSE 
(Psi) MS LOCA (Psi) MS LOCA (Psi) 

Designation (Psi) Compression (Psi) Tension (Psi) Compression Tension Compression Tension 
H1 -46.673 -13.981 -100.778 -180.434 20S.993 32.399 -11S.034 -288.629 
H2 -28.212 50.491 -131.140 -161.973 316.478 -46.784 -4.549 -367.811 
H3 -6.004 90.285 -128.184 -131.716 362.590 -74.348 60.881 -376.057 
H4 41.751 379.197 -328.860 -83.961 892.666 -523.450 590.957 -825.159 

r;::w.1rnmHjftmrnrn;:rnrn::1:n1:i:~r.1m%mM111t~1~~Eit:11arn:11.11ninrnw1H#.l4i,111rn;:rnirn1§:1:*z~1Im::m:t:11:1.~111:rnmim::1:1:11~1iP.iimirnrn1::1:11~111.1 
H6 120.489 763.791 -567.15S N/A 1577.769 -1084.123 N/A N/A 
H7 133.777 1079.870 -858.682 N/A 2196.641 -1680.463 N/A N/A 
H8 119.298 1017.398 -820.016 N/A 2066.826 -1608.001 N/A N/A 

Prepared By: 

Reviewed By: 

Approved By: 

CSSTRES2.XLS 

References: 

Symbols: 

Inputs: 

GE-NE-S23-05-0194 Dre.-3 Evaluation and Screening Criteria for HS Weld 
GE-NE-S23-A69-0S94 Dre.-3 Evaluation of the Indications for the HS Weld 

DL = Dead Loads 
B = Buoyancy Forces 
U = Upset Loads Due To A 7 psi Dp 
F = Faulted Loads Due To A 12 psi Op (MS LOCAi 
RR LOCA = Lateral Loads And Induced Bending Due To A RR Line Break 

Vertical OBE = 0.0667g 
Vertical DBE = 0.1333g 
Density Water= 0.036 
Density Shroud= 0.290 
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resden Core Shroud Summary of Loads and Stresses At Horizontal Weld Location COMED Design Review • 
Combined Combined Combined Combined 
Stresses Stresses Stresses Stresses 

DL+B+F+SSE DL+B+F+SSE DL+B+F+SSE DL+B+F+SSE 
RR LOCA RR LOCA RR LOCA RR LOCA 

Shroud Weld Blowdown (Psi) Blowdown (Psi) Accoustic (Psi) Accoustic (Psi) 
Designation Compression Tension Compression Tension 

H1 18.727 -154.867 18.727 -154.867 
H2 129.212 -234.050 129.212 -234.050 
H3 186.593 -250.345 186.593 -250.345 
H4 716.669 -699.447 716.669 -699.447 

t~r.t~~1m1rJ~~ttillf~tl~*l}~~~~1~~~rl~~l~11111n1ni1t~11111i111lr~~~~~m~~ii~~[1~111111~~lfili1l11l~~r.~1~~~~11~l111~11~ll~l~ 
H6 N/A N/A N/A N/A 
H7 N/A N/A N/A N/A 
HS N/A N/A N/A N/A 
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.resden Core Shroud Summary of Loads and Stresses A Horizontal Weld Location COMED Design Review • 
RR LOCA RR LOCA 
Moment Moment Shroud Buoyant Vertical Vertical Effective Effective 

Shroud Weld OBE Moment DBE Moment Blowdown Accoustic (In~ · Shear Weight Force OBE Uplift DBE Uplift Weight Weight 
Designation (In-Kips) (In-Kips) (In-Kips) Kips) OBE (Kips) (Kips) (Kips) (Kips) (Kips) OBE (Kips) DBE (Kips) 

H1 3.240E+03 6.480E+03 N/A N/A 25.00 219.87 -27.29 -14.67 -29.31 177.91 163.27 
H2 6.780E+03 1.356E+04 N/A N/A 186.00 248.74 -30.88 -16.59 -33.16 201.27 184.70 
H3 7.220E+03 1.444E+04 N/A N/A 186.00 250.14 -31.05 -16.68 -33.34 202.40 185.74 
H4 2.340E+04 4.680E+04 . N/A N/A 193.00 320.41 -39.78 -21.37 -42.71 259.26 237.92 

l.~it:m:mlHIMMMi\M@lill[~ffilUll§l.l§iftilMMHU~:1:1.:±P:l:::111:~1111:W::eIEEil.ii~O:~:mwr1:1:@11u:rn:m:::;11:1:~1.1::::;:::m1::t:11:11:;::;1.~riM:f:ll~:i1trnti::11~~ili@l\I\ill~io.1\ 
HS 4.140E+04 8.280E+04 1.130E+03 1.949E+04 327.00 415.61 -51.59 -27.72 -55.40 336.30 308.62 
H7. 6.030E + 04 1.206E + 05 2.087E + 03 2.923E + 04 366.00 434.58 -53.95 -28.99 -57 .93 351.65 322. 70 
H8 6.430E+04 1.286E+05 2.275E+03 3.114E+04 366.00 434.58 -53.95 -28.99 -57.93 351.65 322.70 

Prepared By: T. J. Behringer er;.~ Date: 6/21/94 
~ 

~ ~ 
J. A. Dawn ([0a,_.,~ (\ ~ Reviewed By: Date: 6/21/94 

~ 
Approved By: J. o. wmramsJ tJ /() JL Date: 6/24/94 ~~ 
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Druden Cora Shroud Summary of Loads and Stresses Att.. Horizontal Weld Location COMED Design Review 

. Horizontal Horizontal Upset & MS LOCA RRLOCA RRLOCA 
Bending Bending Vertical Vertical Normal(7Psi) Faulted(12Psi) Bending Bending 

QBE DBE Dead load Buoyancy OBE DBE Pressure Pressure Stresses Stresses 
Shroud Weld Pbs Pbs Stresses Stresses Stresses Stresses Stresses Pm Stresses Pm Blowdown Accoustic 

I 
Designation (Psi) (Psi) Pmd (Psi) Pmb (Psi) (Psi) (Psi) (Psi) (Psi) Pbrrl1 (Psi) Pbrrl2 (Psi) 

H' 43.40 86.80 160.520 -19.927 -10.707 -21.397 -187.266 -321.028 N/A N/A 
H? 90.82 181.63 181.597 -22.543 -12.113 -24.207 -187 .266 -321.028 N/A N/A 
H~: 109.23 218.47 194.086 -24.093 -12.946 -25.872 -175.997 -301.709 N/A N/A 
H4 354.03 708.06 248.610 -30.862 -16.582 -33.140 -175.997 -301.709 N/A N/A 

rn:mmu::e~K~;iwirnmnMPl~§t.~filni:l!1:1;'11Mri1:~1~~1~~:ilim@:f1'-J.mrnrni1:11~1:11iilirn:1~:;111::ItMita:11~111:m1:rnmtrna1:~111iimI:i1.~~1IHttf:111~~1111 
HS '665.47 1330.95 332.394 -41.263 -22.171 -44.308 -170.643 N/A 18.165 313.297 
HJ '969.28 , 1938.55 347.566 -43.146 -23.183 -46.330 -170.643 N/A 33.544 469.769 
H$ 918.71 1837.41 308.947 -38.352 -20.607 -41.183 -151.298 N/A 32.511. 444.988 

I·. I . 
I:. 
1 ·1 ,., 
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uad Cities .Cora Shroud Summary of Loads and Stresses a. Horizontal Weld Location COMED Dasign Review • 

Combined Combined Combined Combined Combined Combined 
Combined Stresses Combined Stresses Stresses Stresses Stresses Stresses 
Stresses DL + B + U +QBE Stresses DL + B + F DL + B +SSE DL + B +SSE DL + B + F +SSE DL + B + F +SSE 

Shroud Weld · DL + B + N (Psi) DL + B + U +QBE MS LQCA (Psi) (Psi) MS LQCA (Psi) MS LQCA (Psi) 
Desig~~tion, [ (Psi) Compression (Psi) Tension (Psi) Compression Tension Compression Tension 

Hl I i: -73.425 -16.748 -155.785 -394.452 253.947 -24.126 -281.099 -559.172 
H2 !·: > , -54.964 85.886 -224.870 -375.992 440. 754 -180. 757 -94.292 -715.803 
H3 !: :; -31.147: 140.932 -234.278 -332.856 514.149 -236.271 11.300 -739.120 
H4 t '; i ' 16.608 I 648. 798 -655.359 -285.101 1482.128 -1126.187 979.279 -1629.036 

;;~1mRW\~Hl@l!.fM~UtM:n!llfifilM~~J).\lli1jl1HHlMij\~i:~J.::1r1a:@~Millil.l:11f:t§li@m:mtilll~lij.i\@:m:il.iiRi.i1:iii~\i\i®li\\~\i~m1111~1i.l;]~;1:t:!r~\f:iil«Ei. 
HS ::· ' 96. 111 I 1349.028 -1209.989 N/A 2796.965 -2321.069 N/A N/A 
H7 lOS.399. 1897.982 -1734.794 N/A 3881.584 -3383.966 N/A N/A 
H8 ('. 97.684 1773.218 -1627.283 N/A 3621.664 -3179.337 N/A N/A 

: i, 
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. References: 

r: 
·Symbols: 

GE-NE-523-02-0194 OC-1 Evaluation and Screening Criteria for H5 Weld 
GE-NE-523-A79-0594 OC-1 Evaluation of the Indications for H5 Weld 

DL = Dead Loads 
B = Buoyancy Forces 
U ~ Upset Loads Due To A 8 psi Op 
F = Faulted Loads Due To A 20 psi Op (MS LQCA) 
RR LQCA= Lateral Loads And Induced Bending Due To A RR Line Break 

;: Inputs: Vertical QBE = 0.08g 
Vertical DBE = 0. 16g 

i 

Density Water= 0.036 
Density Shroud= 0.290 

T. J. Behringer #7'j. w~t/\., 

· J. D. Williams 
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-ad Cities Core Shroud Summary of Loads and Stresses .ch Horizontal Weld Location COMEO Design Review 

Combined Combined Combined Combined 
Stresses Stresses Stresses Stresses 

DL+B+F+SSE DL+B+F+SSE DL+B+F +SSE Dl+B+F +SSE 
RR LOCA RR LOCA RR LOCA RR LOCA 

Shroud Weld Blowdown (Psi) Blowdown (Psi) Accoustic (Psi) Accoustic (Psi) 
Designation Compression Tension Compression Tension 

Hl 39.928 -238.144 39.928 -238.144 
H2 226.736 -394.775 226.736 -394.775 
H3 313.010 -437.410 313.010 -437.410 
H4' 1280.988 -1327 .327 1280.98B -1327 .327 

Uiliffaf.BRIIJI@fml!Ii1Mfllli~IR1tff.tWitBll~l'=~Mmmtmlllll~l.llM@I@Wil:f:IJlt,l1 
H6 N/A N/A N/A . N/A 
H7 N/A N/A N/A N/A 
HS N/A N/A N/A N/A 

Prepared By: T. J. Behringer ~/-~ Date: 6/21 /94 

J.A.Dawn~~ 
J. D. WilliamrJ-/) Id~ 

Reviewed By: 

Approved By: 

Date: 6/21 /94 

Dat,e: 6/24/94 
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ad Cities Core Shroud Summary of Loads and Stresses ch Horizontal Weld Location COMED Design Review 

Shroud 
Centerline 

Weld Shroud Shroud Shroud Shroud Section 
Shroud Weld Elevation Outside Inside Thickness Area Modulus 
Designation (Inches) Radius (In.) Radius (In.I (In.) (In. - 21 (In.· 31 

H1 391.375 110.000 108.000 2.000 1369.734 7.466E+04 
H2 357.875 110.000 108.000 2.000 1369.734 7.466E+04 
H3 3S5.375 103.560 101.560 2.000 1288.807 6.610E+04 
H4 2G6.375 103.560 101.560 2.000 1288.807 6.610E+04 

w@@@.ili\BIMtfM@III@l:l\~j\j§fal@l§j]Mi§\[i\IKi:lt~llg@MMWf\jj\g~-t::u:1.1.1.:;11:i@::1~11:11::1:11::: 
H6 187.125 100.500 98.500 ·2.000 1250.354 6.221E+04 
H7 131.500 100.500 98.500 2.000 1250.354 6.221E+04 
HS 120.531 100.625 98.375 2.250 1406.648 6.999E+04 

Prepared By: T. J. Behringer ~/-~Lr 

Reviewed By' J. A. Dawn ~,_...,,,__. 
Approved By' J. D. Williams f t>ffe ~ 
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Date: 
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uad Cities Core Shroud Summary of Loads and Stresses -ch Horizontal Weld Location COMEci Design Revlaw 

RR LOCA RR LOCA 
Moment Moment Shroud Buoyant Vertical Vertical Effective Effective 

Shroud Weld QBE Moment DBE Moment Blowdown Accoustic (In- Shear Weight Force OBE Uplift DBE Uplift Weight Weight 
Designation (In-Kips) (In-Kips) (In-Kips) Kips) QBE (Kips) (Kips) (Kips) (Kips) (Kips) OBE (Kips) DBE (Kips) 

H1 5.190~+03 1.038E+04 N/A N/A 43.00 219.87 -27.29 -17.59 -35.18 174.99 157.40 
H2· 1.160E+04 2.320E+04 N/A N/A 338.00 248.74 -30.88 -19.90 -39.80 197.96 178.06 
H3 : 1.240E+04 2.480E+04 N/A. N/A 338.00 250.14 -31.05 -20.01 -40.02 199.08 179.07 
H4 ! . 4.31OE+04 8.620E + 04 N/A. N/A 415.00 320.41 -39. 78 -25.63 -51.27 255.00 229.37 

til@Il:HimfMlf11m!~i!Ziili.oi¥;1111H1:1m£@i:m1:~t11:1:¥:§l#llU~lilliiBMlilijij.j~iitI1K::si~~;11::1Itmm:U@§:IMt.rnma:1::m@tliijMiiliiMlil.l.~l§@(@i'-l~\l:ji 
H6: 7.960E+04 1.592E+05 1.130E+03 1.949E+04 604.00 415.61 -51.59 -33.25 -66.50 330.77 297.52 
H7: 1.130E+05 2.260E+05 2.087E+03 2.923E+04 592.00 434.58 -53.95 -34.77 -69.53 345.87 311.10 
H8, 1.190E + 05 2.380E + 05 2.275E + 03 3.114E + 04 592.00 434.58 -53.95 -34. 77 -69.53 345.87 311.10 

'l 
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uad Cities Cora Shroud Summary of Loads and Strasseach Horizontal Weld Location COMED Dasign Review 

. Horizontal Horizontal Upset & MS LOCA RRLOCA 
Bending Bending Vertical Vertical Normal(8Psi) Faulted(20Psi) Bending 

OBE DBE Dead Load Buoyancy QBE DBE Pressure Pressure Stresses 
Shroud Weld Pbs Pbs Stresses Stresses Stresses Stresses Stresses Pm Stresses Pm Blowdown 
Designation (Psi) (Psi) Pmd (Psi) Pmb (Psi) (Psi) (Psi) (Psi) (Psi) Pbrrl1 (Psi) 

H1 69.52 139.04 160.520 -19.927 -12.842 -25.683 -214.018 -535.046 N/A 
H2 155.38 310.76 181.597 -22.543 -14.528 -29.056 -214.018 -535.046 N/A 
H3 187.61 , 375.21 194.086 -24.093 -15.527 -31.054 -201.140 -502.849 N/A 
H4 652.08 ! 1304.16 248.610 -30.862 -19.889 -39.778 -201.140 -502.849 N/A 

rnK1t:1m:e1.:iiu:m1Mtt~1:;i11~11W:B!lm1~•&w.:i11.~111m~1~:f11;.mm1:m;f.11~111IIt::rn1::1::~111itt:mrn1g,n:1~11t:1i;rn:m:1;~111~111::1:ii:[r1:1~61:; 
H6; 1279.51 ;) 2559.02 332.394 -41.263 -26.592 -53.183 -195.020 N/A 18.165 

. H7 1816.39 , ;: 3632. 78 34 7 .566 -43.146 -27 .805 -55.610 -195.020 N/A 33.544 
HS 1700.25 : 3400.50 308.947 -38.352 -24.716 -49.432 -172.912 N/A 32.511 

'! 
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Pbrrl2 (Psi) 
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ENGINEERING ANALYSIS VERIFICATION COVER SHEET 

Attachment ME-1-3 Calculation DRF A00-05652 

GE Nuclear Energy (ReferenceEOP42-6.00andEOP25-6.00) Sheet. 1 of J-
- .· .~ .. --

DRF NoJSection: A00-05652. Section 15 
Subject As'U'®8tric Load Analysis for Core Shroud Assembly without HS weld 

1 
lA 

VERIFICATION STATEMENTS Designated Verifier: _.-D .... ~H-e_n .... r1_· e..._ __ _ 

APPLICATION. (System/Project/Program) 

Asymmetric Load Analysis to show the extent of the shroud motion during LOCA with 
SSE and acoutic load (recirculation suction line break only) for Dresden and Quad 
Cities Plants 

1B METHOD OF VERIFICATION. Checkinii. Alternate Cale., lndiv. Design Review*, Team Design Re~iew, Test 
(underline as needed); Other ( descn'be) 

1 C SCOPE. Identify what is to be verified (e.g., level of detail). 
Verify by the method described in lB, that the output (lE) has been correctly 
generated in accordance with the referenced inputs (lD) and that the results (lE) 
are reasonable and adequate for the application described in lA above. 

1D INPUTS Identify any GE and external interfaces and requirements, assumptions, input documents, test analyses, reasons for 

lF 

2 

2A 

2B 

changes. · 

l.Dresden UFSAR, Section 3-9, 3. Ccvnp~~ur\S : 
2.GE Drawing, 104R861 

OUTPUTS. Identify output document(s) or analysis to be verified. 

The attached write-up 

Case ii = (O+cn\.> C"-Sc:12. = ~" 
ea&e i& .:: 211" u ..1 Oas.e..j4 .:: e1~ I.( 
C.oscj&.: '2S~VJ Ciue..:16.= 'aSIO'-V 

Date: 6/7/94 Comp. ___ _ 

INDEPENDENT VERIFICATION __/ iU. - ~ ~ ~ ~~~~ 

Comments: •No -~ _(SeeAtlached) ~rf u~ o/'J.J 
VERIFICATION STATEMENT. The method and scope of verification are appropriate and the same as stated in 1B and lC. 
The inputs are appropriate and are the same as identified in lD. All comments and technical issues are resolved. The 
verification establishes that the analysis output identified in lE is correct and is adequate for its intended application as 
identified in lA 

Independent Verifier: D. Hemji ~ 
• t name and sign) 

Date: c;,/s [er+ Comp. s23 

j) j<:.P, ~'el j ff._,_ W-~'f . 6)1 /'If? 

3 APPROV~L OF VERIFICATION 

3A MANAGER'S APPROVAL: All design requirements have been identified and all technical issues are adequately resolved. 
The verification described in the above Sectio~is sufficient to ~sue/apply the results 

3B Resp. Manager:-or Delegate S. Raopnatb ~O.U~9 .. t -_Date: c..J Cf/ 94- Comp. 523 
· (print name and sign) _; _,,.L) j } 

'JI'-. G:. _/3_<=/(f 
~.~!!'.-.~_beds~ for lA,lB,lC,lD,lE,2A~A?·-(circle asjipplicable) 

This does not constitute a desi review r the uirements of Procedure 40-7 .00 
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SUPPLEMENT 3 CRey. 1l TO GE-NE-A00-05652-03 

Asymmetrjc Loads on Core shroud Assembly wjtb a 360° Tbroua:h-Wall Crack at 
HS Weld Location · 

As part of safety assessment regarding the crack indications found near H5 weld in Dresden 3 and 
Quad Cities 1, asymmetric loads and the resulting motions of the core shroud assembly are 
evaluated. The following loads are considered: differential pressure between the inside and the 
outside of the shroud during LOCA, seismic acceleration during SSE, blowdown load (only for 
recirculation suction line break), and acoustic load (only for recirculation suction line break). This 
evaluation also assumes that a 360 • through-wall crack exists at the H5 weld location. The 
analysis has been performed using the bounding conditions for Quad Cities 1 and Dresden 3. 

The main contributor for the lateral motion or rotational (tipping) motion is caused by the seismic 
acceleration. The blowdown load caused by break flow through the recirculation suction line is 
primarily confined over the projected recirculation line are,a and is approximately 20,000 lbf 
(Reference 6 of GE-NE-A00-05652-03), and has nearly no effect on the shroud assembly above 
the H5 weld. Therefore, the blowdown load will not be discussed in this evaluation. The two 
main discussion items are: Shroud motion due to acoustic loads during recirculation suction line 
break LOCA, and Shroud motion due to seismic loads during recirculation line break LOCA or 
main steam line break LOCA. In addition, ability of the control rods to insert is discussed. 

1. Acoustic Load and Shroud Motion 

This load is due to an instantaneous break of the recirculation suction line. Such a load is 
unrealistic in the sense that it takes a finite time for the break to occur, at least 100 milliseconds. · 
However, a hypothetical instantaneous break is considered as the source of a bounding load. The 
asymmetric load is caused by the fact that the sound wave takes finite time to travel from the 
broken suction line side to the unbroken suction line side of the annulus. The duration of the load 
is extremely short, about 5 milliseconds, as shown in Figure 3.9-6 of the Dresden UFSAR 
(Reference 6). The acoustic load has a higher load distribution on the lower portion of the shroud. 
However, the acoustic load distribution is assumed to be uniform between the jet pump base plate 
and the top of the shroud head. Above the shroud head, there is almost no acoustic load due to the 
large cross sectional area that attenuates the acoustic wave .. Therefore, the assumption made 
provides a bounding lateral force and a bounding overturning moment to the shroud assembly 
above the H5 weld. · 

The result of this evaluation on the acoustic load indicates that the force acting on the shroud 
assembly above H5 is less ·than 75 % of the total force calculated for the shroud. The total force on 
the shroud is provided as a function of time in Figure 3.9-6 of Reference 6. The point of 
application of the resultant horizontal acoustic load is less than 107 inches above the H5 weld. 
During the recirculation suction line break, the core shroud assembly does not lift and retains 
substantial downward load, approximately 75 kips for Dresden and 37 kips for Quad Cities, even 
after the pressure difference across the shroud under the SSE load has been considered. 
Substantial resisting forces exist with the downward load due to the irregQ].ar mating surfaces along 
the crack both in radial and circumferential directions. Therefore, the shroud assembly is 
constrained from lateral movement. More likely motion of the shroud assembly is rotating 
(tipping) motion of the assembly pivoted on one side of the H5 weld crack area. The resulting 
lateral motion. near the top of the shroud assembly associated with this rotating motion is very 
small, approximately twenty thousandth of an inch,-because_fue duration of the load is very_ short, 
and hence small impulse. The restoring moment by the downward load sets back the shroud 
assembly in the vertical position. In conclusion, the lateral motion of the shroud assembly due to 
the acoustic load is essentially zero even if a 360" through-wall crack is present at H5. Practically, 

1 of3 



the addition of the acoustic load to seismic and other LOCA loads does not change the shroud 
motion. 

Furthermore, it can be concluded that the acoustic load does not result in any plastic deformation 
of the shroud assembly. 

The main steam line break LOCA is not discussed for this load because the asymmetric acoustic 
loading of the shroud occurs only with the recirculation line break LOCA. 

2. Sejsmjc Load apd Shroud Motjop 

The core shroud pressure drop during the recirculation suction line break under SSE seismic 
excitation does not lift the core shroud assembly above H5 and allows substantial downward load, 
approximately 75 kips for Dresden and 37 kips for Quad Cities, even after the peak pressure 
difference across the shroud during SSE has been considered. Substantial resisting forces exist 
with the downward load due to the irregular mating surfaces along the crack both in radial and 
circumferential directions. Therefore, the shroud assembly is not likely to move laterally. More 
likely motion of the shroud assembly is rotating (tipping) motion of the assembly pivoted on one 
side of the H5 weld crack area. The lateral motion near the top of the shroud assembly due to this 
rotating motion is calculated to be less than 3/4 inch. The displacement of this magnitude does not 
interfere with any reactor internals. 

When the main steam line break is considered with the SSE excitation, the shroud assembly lifts, 
less than 2 inches for Dresden 3 and less than 8 inches for Quad Cities 1. The seismic acceleration 
is transmitted to the shroud assembly before the lift, but is no longer applicable once it is lifted. 
One evaluation has been done with the shroud assembly mounted on a frictionless roller. This 
analysis shows less than 0.6 inch lateral movement. Based on this analysis, the maximum 
velocities of the shroud assembly, and engineering judgment, the lateral displacement is expected 
to be less than 3/4 inch. The displacement of this magnitude does not interfere with any reactor 
internals. 

3. Insertion of Control Rods 

The control rods insert fully because the core geometj is maintained and the lateral relative 
displacement between the shroud and the reactor pressure vessel is small, less than 3/4 inch. Even 
with 8 inches of lift anticipated during the main steam line break concurrent with SSE, fuel bundles 
and the top guides stay engaged and the core lattice is maintained. The height of the top guide is 
over 14 inches and any lift less than this retains the fuel bundles within the top guide cavity. The 
fuel bundles are not expected to be lifted by the top guide because the friction between the top 
guide and the fuel channel is not high and the fuel bundles stay within the top guide cavity by 
gravity alone. The core geometry is maintained during this event 

Also a summary of various safety functions for several postulated scenarios are provided in the 
attached table. This table.has been-created in cooperation with CECo ... 

Prepared By ~~~fl V"'.'tied By 

Approved By 

2of3 



• CORE SHROUD LOSS-5 WELD • 
Design Basis Anticpated Movement Rod Core Core SBLC 
Accidents Lateral Vertical Moment(Tip) Insertion Reflood Spray 

Design Basis Earthquake None at the H5 None 314• maximum Rods Insert After Floodable Volume System Function Not No Boron 
(SSE) weld location. dis pl ace ment Tipping, Timing Not Maintained, ECCS Affected Density 

314" at the top (laterally) Signifcantly Affected Systems Available Change 
I of the shroud. 

Main Steam Line Break None 4" Quad Cities None Insertion Completed Floodable Volume Dre. CS not Affected, No Boron 
o• Dresden After Shroud Comes Maintained QC Potential Failure OF Density 

Down, Timing Not CS Riser Or Sparger, Change 
Significantly Affected Injection Into RPV 

Allows Long Term 

I 
Cooling 

Recirculation Line Break None None None Rods Insert, Timing Very Small Gap 1-2 Core Spray Not NIA 
Not Affected Mils, 40GPM Bypass Affected 

Analysis Unaffected 

l, 
Additional Scenarios Anticoated Movement Rod Core Core SBLC 

Considered Lateral Vertical Moment(Tip) Insertion Reflood Spray 

Main Steam Line Bre&k 314" maximum 8" Quad Cities 314" maximum Rod Insertion Floodable Volume Dresden CS Function No Boron 
Plus DBE displacement. 2" Dresden displacement Complete After and Maintained Not Affected, QC Density 

" (laterally) While Shroud Comes Potential Failure Of CS Change ! ' , I 

l Down, Oscillitory Riser Or Sparger, 
! Velocity Profile, Timing Injection Into RPV Will 

·I I. 

,, Affected Allow Long Term 
I Cooling 

Recirc. Un~ Break Plus None at the H5 None 3/4" maximum Rods Insert After Bounded By Cale. Core Spray Function NIA 
DBE (Low PAA Without weld location. displacement Tipping, Timing Not Assuming 114" Open Not Affected 
Adding Single Failure 314" at thl[I top (laterally) Significanly Affected All Around (Bypass 

Criteria) of the shroud. Flow Small) 

619194 Page 3 of 3 H5LREV.XLS 
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"ODE CIRCULAR "A)( ftODAL NODE DE8 OF ftA>< DYN NODE DEG OF ftA)( DYN CJ\S£ i_ 
'JIHSER FREQUENCY FREQUENCY PERIOD AftPLITUDE NUftlER FREE DO" DISPLACEftT NUftlER FREEDOft ROTATION 

C RAD.IT I ftf) C HERTZ» CT I ftE) 
k. I :::: 0 

1 1. H63E 01 3. 0110E 00 3.3135E-01 1. 9449E-01 29 3.9537E-02 19 5 1.1065E-05 .5 'I 
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3 2.6114E 01 4. 1674£ 00 2.3996£-01 I .6311£-01 11 4. 6212£-02 19 5 5.5007£-03 ~~c-~rnark) 4 3.4011E 01 I. 4130E 00 1. 1474E-01 7.6171E-01 31 1.0162£-02 24 I 1.1427£-03 
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I •.2457E 01 l.9404E 00 1. OOGOE-01 S.H&3E-03 11 7.0311E-04 17 s I .1321E-04 
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10 l.ISl7E 01 1.42511 01 7.0131£-02 1.7H2E-02 1 3.9470E-03 24 5 l.9710E-04 
11 t.•HIE 01 1.1418£ 01 l.4HIE-02 3. IHIE-02 I I. 3177£-03 " I 7.0294£-01 
II 1. Ol40E 01 1.97711 01 1.11131!-0I 1.11211-04 21 7.4142E-OI 20 I I. 1331 E-01 
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ii 1.37111 01 2.11411 01 4.llHl-02 3.03111-04 H I. 1721E-o4 11 I 4. llOH-07 
17 l.HIH 02 l.20IOI 01 4.14341-0Z 1.17111!-04 11 I. 20171-04 11 I 1 .91311-01 
11 I.HOH DI 2.43HIE 01 4. IOllE-02 l.•4HE-03 21 I. IOllE-04 24 I I. 2903E-04 
11 1. 71171 01 1.73011 01 3.••211-02 I. lllOE-01 13 1.01121-01 24 I 2.13HE-OI 
IO I .HOH DI I.Hiii 01 3.37111-01 3. IHH-04 31 1.70211-04 24 I l.77IOl-07 
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2 I. 1963E 01 3. OllOE 00 3.3135E-OI l.9447E-OI 3.9532E-02 17 5 l.3141E-05 
3 2.H21E 01 4.12HE 00 2.4233£-01 l.0103E-OI 24 7.05HE-02 24 5 ·1. 11 IOE-03 
4 3.0H6E 01 4.IHIE 00 2.0297E-01 4.0632E-OI II I. 2131E-OI 17 5 2.3162E-02 
5 3.4159E 01 5. 4366E 00 I .1394E-01 l.OlllE-01 31 I. 5116E-02 17 5 I . I 710E-02 
6 4.0017E 01 6.3IOIE 00 l.5674E-OI 4. 2656E-OI 31 4.4231E-02 17 5 3.5226E-03 
7 5.HOIE 01 l.7H4E 00 1 . I 312E-OI 4.1427E-02 30 l.2311E-02 17 5 I. 1741E-04 

• 6. 1774E 01 9.1316E 00 l.0171E-OI 4.3202E-03 15 5.2169E-04 17 5 I. 0706E-04 
I 7.1421E 01 I. 1367E 01 l.7174E-OZ 3.4139E-03 11 6.3166E-04 19 5 7.94177E-05 

10 7.IGOIE 01 1. 2193E 01 l.2017E-02 Z.1427E-03 40 l.2955E-04 24 s 2.7444E-07 
11 l.HHE 01 l.4HOE 01 7 .Ol21E-02 1.9230E-02 I 4.2H4E-03 24 5 2. I 332E-04 
12 l.H61E 01 1. 8411£ 01 6.4161£-02 3.1006E-02 1 1. 33HE-03 11 6 7. &ZOIE-05 
13 I .HUE 02 1 .H51E 01 5.1343E-02 1 .1641E-04 21 5.9HIE-05 20 5 l.4309E-06 ... 1 .2011E 02 1. H07E 01 &.2064E-02 3.3044E-05 19 1 .OllSE-OS II s 4.5364E-06 
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17 1. 37HE 02 2.194H 01 4.SH&E-02 2.H54E-04 39 1. 1070E-04 20 s 4.2231E-07 
II 1. 5302E oz 2.4354E 01 4.1061£-02 l.&461E-03 21 5.SHOE-04 24 5 1. 1966E-04 
II 1.70711! 02 2.7112E 01 3.&7HE-02 9.4143E-05 23 4.7045E-05 24 5 2.467&E-05 
20 1 .1107E 02 2.H14E 01 3. 3761E-02 3.HIOE-04 31 1.7341E-04 11 5 6.1771E-07 
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6 3. 4161E 01 15.0IOE 00 1.1319E-01 7.3037E-01 31 7.7567E-02 17 15 1 . I 053E-02 
7 4.0092E 01 6.3101E 00 1.5672E-01 5.13IOE-01 31 5.3232E-02 17 15 4.3625E-03 
I 5.5201E 01 l.7154E 00 1. I 312E-01 4.2025E-02 30 1.061-tE-02 17 15 1.0263E-04 
9 6. 1171E 01 9. 1412E 00 1. 015-tE-01 4.7916E-03 11 6.4961E-04 17 15 1. 1562E-04 

10 7.6601E 01 1.2193E 01 l.2017E-02 2.1"'94E-03 40 9.3174E-04 24 15 2.9334E-07 
11 I. 15215E 01 1. 2975E 01 7.7071E-02 l.3019E-03 15 1.4493E-03 19 15 2.4562E-04 
12 9.0340E 01 1.4371E 01 6.915151E-02 1.1247E-02 1 4.2731E-03 11 15 2.12IOE-04 
13 9.6197E 01 I . 5422E 01 6.4144E-02 2.941515E-02 1 1. 5265E-03 11 15 1.0650E-04 

"" 1.0711E 02 1 . 70151E 01 5.1622E-02 9.91554E-05 21 3. 5319E-05 20 15 <t. 5519E-06 
15 1.2195E 02 1. 9409E 01 5. 1523E-02 1. 5122E-05 19 4.1092E-06 11 15 2.0252E-06 
16 1. 2249E 02 1. 9495E 01 5. 1296E-02 2.1267E-03 21 1.2042E-04 11 5 2.15174E-05 
17 I. 3716E 02 2. 1942E 01 4.5576£-02 9.1115£-04 39 3.2009E-04 20 15 3.6136E-05 

" I. 3102E 02 2. 1966E 01 4.ss25E-02 1. 2545E-03 21 I. 4011E-04 20 15 l.0350E-04 
19 l.5313E 02 2.4371E 01 4. I 033E-02 7.9067E-03 21 6.9704£-04 24 5 1.5746£-04 
20 1.7207E 02 2.7316E 01 3.61515E-02 1.0141E-04 23 15.4462E-05 24 5 2.1562E-05 
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02 TIPPING MOTION 

I Ocasdaa UESAB Oata 

t (m sec) F (kips) a v * E +3 theta* E +6 

12.8 105 0.02048837 0 0 
13.7 179 0.16949176 0.08549106 0.03847098 
14.3 209 0.22989854 0.20530815 0.12571074 
14.8 225 0.26211549 0.32831165 0.25911569 
15.2 231 0.27419684 0.43557412 0.41189284 
16.1 233 0.27822396 0.68416348 0.91577476 
16.7 231 0.27419684 0.84988972 1.37599072 
17 221 0.25406125 0.92912844 1.64284345 

17.6 196 0.20372227 1.06646349 2.24152103 
17.8 164 0.13928837 1.10076456 2.45824383 
18.5 135 0.08089515 1.17782879 3.2557515 
19.6 105 0.02048837 1.23358972 4.58203168 
21.7 72 -0.04595909 1.20684547 7.14448863 
24.4 57 -0.07616248 1.04198135 10.1804048 
28.9 46 -0.09831163 0.6494146 13.9860457 
35 43 -0 .1 0435231 0.03128958 16.0621935 

a = 1.1050·co.15·F1M-o.1122) M = 413 kips 

B~B-6£23a Oata 

t (m sec) F (kips) a v *E +3 theta *E+6 
1.5 105 0.02048837 0 0 
1.6 170 0.15136972 0.0085929 0.00042965 
1.7 240 0.29231888 0.03077733 0.00239816 
1.8 280 0.37286125 0.06403634 0.00713884 
1.9 310 0.43326803 0.10434281 0.0155578 
2 320 0.45340362 0.14867639 0.02820876 

2.1 330 0.47353922 0.19502353 0.04539375 
2.2 360 0.533946 0.24539779 0.06741482 
2.3 390 0.59435278 0.30181273 0.09477535 
2.4 440 0.69503074 0.3662819 0.12818008 
2.5 530 0.87625108 0.444846 0.16873647 
2.6 620 1.05747142 0.54153212 0.21805538 
2.7 650 1.1178782 0.6502996 0.27764696 
2.-8 570 0.95679345 0.75403318 0.3478636 
2.9 450 0. 71516633 0.83763117 0.42744682 
3 290 0.39299684 0.89303933 0.51398035 

• 3.1 180 0.17150532 0.92126444 0.60469554 
3.2 11 0 0.03055617 0.93136752 0.69732713 
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QC TIPPING M0·1 flir • 

• Cuac Cities UESAB Cata 

t (m sec) F (kips) a v • E +3 theta• E +6 
12.65 60 0.02656556 0 0 
12.8 105 0.11717573 0.0107806 0.00080854 
13.7 179 0.26617912 0.18329028 0.08814044 
14.3 209 0.3265859 0.36111978 0.25146346 
14.8 225 0.35880285 0.53246697 0.47486014 
15.2 231 0.3708842 0.67840438 0.71703441 
16.1 233 0.37491132 1.01401237 1.47862195 
16.7 231 0.3708842 1.23775102 2.15415097 
17 221 0.35074861 1.34599595 2.54171301 

17.6 196 0.30040963 1.54134342 3.40791482 
17.8 164 0.23597573 1.59498195 3.72154736 
18.5 135 0.17758251 1.73972734 4.88869561 
19.6 105 0.11717573 1.90184437 6.89156005 
21.7 72 0.05072827 2.07814357 11.0705474 
24.4 57 0.02052488 2.17433532 16.8113939 
28.9 46 -0.00162427 2.21686169 26.6915872 
40 41 -0.01169207 2.14295601 50.8885754 

• 50 34 -0.02578698 1.95556076 71.3811593 
60 28 -0.03786834 1.63728415 89.3453838 
70 24 -0.04592258 1.21832957 103.623452 
8,0 21.6 -0.05075512 0.7349411 113.389806 
90 20.8 -0.05236597 0.21933567 118.16119 

100 20 -0.05397681 -0.31237822 117.695977 

a = 1.1000·(0.15•f:1M-o.0051 M = 413 kips 
I 
I 

' 
--

• 
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. QC TIPPIN(: ;~ 1 ... : 1 • ·;N 

• 
SWB-6L2Ja Oala CQ Qasa usiag awB-6l23a caia 

t (m sec) F (kips) a v *E +3 theta *E+6 
1.4 40 -0.01370563 0 0 
1.5 105 0.11717573 0.00517351 0.00025868 
1.6 170 0.24805708 0.02343515 0.00168911 
1. 7 240 0.38900624 0;05528831 0.00562528 
1. 8 280 0.46954861 ·0.09821605 0.0133005 
1 .9 310 0.52995539 0.14819125 0.02562086 
2 320 0.55009098 0.20219357 0.04314011 

2.1 330 0.57022658 0.25820945 0.06616026 
2.2 360 0.63063336 0.31825245 0.09498335 
2.3 390 0.69104014 0.38433612 0.13011278 
2.4 440 0.7917181 . 0.45847403 0.17225329 
2.5 530 0.97293844 0.54670686 0.22251233 
2.6 620 1.15415878 0.65306172 0.28250076 
2.7 650 1.21456556 0.77149794 0.35372875 
2.8 570 1.05348081 0.88490026 0.43654865 
2.9 450 - 0.81185369 0.97816698 0.52970202 
3 290 0.4896842 1.04324388 0.63077256 

3.1 180 0.26819268 1.08113772 0.73699164 
3.2 110 0.12724353 1.10090953 0.846094 
3.3 60 0.02656556 1.10859999 0.95656948 
3.4 40 -0.01370563 1.10924298 1.06746163 
1 0 35 -0.02377342 0.98556212 7.98031845 
20 30 -0.03384122 0.69748889 16.3955735 
30 25 -0.04390902 0.30873771 21.4267065 
40 22 ·· .. -0.04.994969 -0.16055585 22.1676158 
50 21 -0.05196325 -0.6701206 18.0142336 
60 20 -0.05397681 -1 .19982094 8.66452591 
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IMPORTANT NOTICE REGARDING 
CONTENTSOFTIIlSREPORT 

The only undertakings of the General Electric Company (GE) respecting 
information in this document are contained in the contract between Commonwealth Edison 
Company (CECo) and GE for this work, and nothing contained in this document shall be 
construed as changing the contract. The use of this information by anyone other than 
CECo, or for any purpose other than that for which it is intended, is not authorized; and 
with respect to such unauthorized use, GE makes no representation or warranty, and 
assumes no liability as to the completeness, accuracy, or usefulness of the information 
contained in this document, or that its use may not infringe privately owned rights . 
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1. 0 Introduction 

Circumferential crack indications have been observed in the Dresden 3 core shroud 
assembly during the current refueling outage. The visual inspections performed have 
indicated that crack indications are found near the H3, H4, and H5 welds. The most severe 
indications are in the core support ring joined to the core shroud near the H5 weld and 
appear to be 360° circumferential cracking (Reference 1). Initial ultrasonic (UT) 
inspections performed near H5 weld has confirmed these indications. Reference 2 
indicates that the UT inspections were done at six locations of the H5 area, using manually 
manipulated 60° and 70° probes. Reference 2 inspection is preliminary in nature in this 
sense. The concern addressed in this assessment is for potentially similar crack indications 
in the Dresden 2 core shroud because the design of the Dresden 2 reactor internals is 
identical to that of the Dresden 3 reactor internals. In that there is not adequate inspection 
data available pertaining to the condition of the welds in the shroud of Dresden 2, an 
engineering evaluation is sought by the Commonwealth Edison Company (CECo) to justify 
operation of Dresden 2 until planned shroud inspection will be done during the next 
r~fueling outage. 

Preliminary safety assessment for the Dresden 2 core shroud in this report provides the 
engineering rationale for continued plant operation for the remainder of the current Dresden 
2 fuel cycle. This preliminary safety ass~ssment should be revised when the Dresden 2 core 
shroud is inspected during the next planned outage, and an updated safety assessment 
should be provided. The update of this report is not included in this contract. 

This report uses the following approach. The Dresden 2 core shroud structural integrity is 
demonstrated with the assumption that crack indications are essentially identical at Dresden 
2 and Dresden 3. The technical bases for this assumption and the differences at Dresden 2 
are provided by comparing the plant water chemistry and operating histories between 
Dresden 2 and Dresden 3. This repon also qualitatively addresses the potential situation 
during normal operation, anticipated operational events, and design basis accidents, if 
unexpected significant crack growth occurs during plant operation. This assessment 
describes the symptoms and consequences expected if the shroud has degraded to the point 
that through-wall cracking has occurred in the core support ring in the H5 weld area, which 
was the most extensively cracked area on the Dresden 3 shroud. A qualitative assessment 
is provided for other welds on the core shroud. 

GE Rapid Information Communication Services Information Letter (RICSIL) 068 has been 
issued (Reference 3) to assist CECo and other utilities in the on-going evaluation of this 
situation. Previous communications about core shroud crack indications have included GE 
SIL 572 (Reference 4) and the US-NRC Information Notice 93-79. 

1 
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2. O Summary and Conclusions 

The core shroud/core support ring cracking associated with the HS weld at Dresden Unit 2, 
postulated to be similar to that observed at Dresden Unit 3, which was the most extensively 
cracked weld area in Dresden 3, does not represent a threat to the safe operation of Unit 2 
for the remainder of the present cycle: 

1. The combination of high ductility, high toughness and low stresses makes the shroud 
extremely flaw tolerant Even for this situation with the indications of 360 degree 
circumferential cracking, crack depths of up to an average of 90% (2. 7 inches) of the 
available material can be tolerated while maintaining the structural integrity for normal 
operation and postulated design basis accident conditions, including ASME Code safety 
factors. The available material considers the extra one inch of ligament provided by the 
weldment in addition to the two inch shroud wall thickness. 

2. The maximum crack depth observed by ultrasonic examinations in Dresden 3 is 
approximately 1.55 inches, and is within the allowable crack depth of 2.7 inches. The 
plant water chemistry history indicates that Dresden 2 should be significantly better than 
Dresden 3. Even if the postulated cracking in Dresden 2 is equal to that in Dresden 3, 
Dresden 2 core shroud maintains the structural integrity for normal operation and 
postulated design basis accident conditions including the seismic load. 

3. The realistic crack growth rate associated with the H5 weld area of the Dresden 2 core 
shroud was calculated by PLEDGE model, and is approximately 1/30 of that of the 
Dresden 3 core shroud because of hydrogen water chemistry implemented in Dresden 
2, and is approximately 0.003 inch per year. With the realistic crack growth rate, the 
allowable crack depth is calculated not to be exceeded within one year if the maximum 
crack depth is 1.55 inches. Even using the bounding crack growth rate of 5 E-5 inch/hr' 
(0.44 inch per year) for the BWR plant with normal water chemistry, it appears that the 
allowable crack depth is not expected to be exceeded within one year based on the 
assumptions made and the information provided by CECo. No BWR inspection to date 
has found through-wall cracking. 

4. If the shroud assembly is postulated to have 360° through-wall crack, it would not lift 
because the weight of the core shroud above H5 is sufficient to hold the shroud in 
place. The leakage flow is small, is not detectable because the leakage flow temperature 
near H5 weld is almost the same as the downcomer annulus temperature, and does not 
impact plant operations. 

5. In the unlikely occurrence of a design basis accident, safe reactor shutdown will be 
achieved, and no change in emergency core cooling function is anticipated, even with 
concurrent design basis earthquake. 

2 
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3. O Shroud and Top Guide Functions 

The shroud support, shroud, core support, and top guide make up a stainless steel 
cylindrical assembly that provides lateral support for the core, vertical support for 
peripheral fuel bundles, and a partition between the core region and the downcomer 
annulus to separate the upward flow of coolant through the core from the downward 
recirculation flow. The shroud also provides (in conjunction with other components) a 
floodable region following a postulated recirculation line break. The shroud is not a 
primary pressure boundary component. 

The top guide consists of a circular grid plate having square openings, lateral support and 
guidance for fuel assemblies. The majority of the fuel rests on fuel support castings that 
are supported by the control rod guide tubes. The fuel support castings are aligned by 
holes in the core support plate. The core support plate rests on the core support ring, 
which is welded to the shroud at the circumferential locations identified as H5 and H6 . 

3 
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4. 0 Shroud Structural Eyaluatjon 

While the extent of the cracking that has been reported at Dresden 3 and assumed for 
Dresden 2 is not insignificant, there remains sufficient structural strength in the shroud to 
meet all of its design functions (Reference 5). This amount of cracking is considered to be 
a conservative estimate of the conditions at Dresden 2 as discussed in Section 5. The 
shroud is made of ductile material with high toughness properties even after accounting for 
any effects due to neutron fluence. The applied loading on the shroud is mainly from the 
differential pressure during normal operation, the transient differential pressure increase 
due to design basis accident loading, and design basis seismic loads. These loads are 
generally small and well within the remaining structural integrity of the shroud. 

The applied loads during normal operation, anticipated operational events, and the transient 
differential pressure loading due to design basis accident are in the downward direction. 
The applied load is in the upward direction only when the main steam line break accident is 
assumed to occur simultaneously with a design basis earthquake. Reference 6 documents 
the design pressure drop loads of 7 psi on the upper part of the core shroud at normal, rated 
power conditions, and 12 psi during the main steam line break accident. 

The combination of high ductility and low applied stresses make the shroud extremely flaw 
tolerant It has been calculated that 360" circumferential cracking of greater than 90% of the 
3.0 inch available material can be tolerated while maintaining the industry accepted AS1\.1E 
Code allowable safety factors based on limit load method for the H5 area (Reference 5) . 
The available material considers the extra one inch of ligament provided by the weldment in 
addition to the two inch shroud wall thickness. The deepest observed cracking indication is • 
1.55 inches or 52% of the 3.0 inch available material at Dresden 3 (Reference 2). 

The low stresses and high material ductility under relatively low neutron fluence level make 
unrealistic the postulation of the separation of the core shroud assembly at H5 weld area 
during the present cycle. The realistic crack growth rate under the Dresden 2 reactor water 
chemistry condition is very low, 0.003 inch per year, and discussed in the next section. 
With the realistic crack growth rate, the allowable crack depth is calculated not to be 
exceeded within one year if the maximum crack depth is 1.55 inches. Even using the upper 
bound crack growth rate of 5 E-5 inch/hr (0.44 inch per year) for the BWR plant with 
normal water chemistry, it appears that the allowable crack depth is not expected to be 
exceeded within one year based on the assumptions made and the information provided by 
CECo (References 1 and 2). 

4 
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5. O Comparison of Water Chemistry. Operatim: Histories. and Crack 
Growth Rates Between Dresden 2 and Dresden 3 

5 .1 Background 

It is well documented that the BWR oxidizing environment is more than sufficient to provide the 
electrochemical driving force for intergranular stress corrosion cracking (IGSCC) of BWR 
structural materials. In BWR piping, a 200 ppb concentration of dissolved oxygen generates an 
electrochemical potential (ECP) for austenitic stainless steel of approximately+ 100 m V (SHE). 
The more oxidizing core of the BWR is characterized by a maximum measured austenitic stainless 
steel ECP of approximately +250 m V (SHE). Also, the conductivity of the BWR coolant is 
sufficiently high to allow this corrosion reaction to occur (References 3, 7, 8). 

Over a decade of laboratory and in-reactor investigations have revealed that lowering the ECP of 
sensitized stainless steel to less than -230 mV(SHE) by injecting hydrogen gas into the BWR 
feedwater and reducing coolant conductivity to less than 0.3 µS/cm by better BWR water 
c~emistry operational practices would mitigate IGSCC of BWR piping (Reference 7). For 
irradiation assisted stress corrosion cracking (IASCC) of non-thermally sensitized stainless steel, 
the threshold ECP is approximately-140 mV(SHE) (Reference 8). However, IASCC is not 
expected to be a significant factor in the area near H5. This process, hydrogen water chemistry 
(HWC), reduces the "corrosiveness" of the entire BWR c90lant. The results of extensive testing 
have clearly demonstrated that HWC mitigates environmental cracking in numerous BWR 
structural materials and has no insuperable deleterious effect on materials (Reference 7). 

Dresden-2 was the first domestic BWR to operate on HWC and has continuously operated on 
HWC since the middle of 1983. Dresden-3 is a non-HWC BWR. The level of hydrogen injected 
into Dresden-2 has ranged from 1.0 to 1.5 ppm (cycles 9 to 14) at approximately 90% availability. 
While this amount is not sufficiently high to completely protect reactor internals from IGSCC or 
IASCC, it still significantly retards crack propagation. Therefore, Dresden 2 should have a lower 
susceptibility to IGSCC than Dresden 3 and the crack growth rates for the existing defects should 
be also lower. 

5.2 Crack Growth Rate 

Figure 1 presents a schematic estimation ofDresden-2 and Dresden-3 crack growth rates as a 
function of conductivity using PLEDGE prediction model (Reference 9). This estimate considers 
the difference in ECP between Dresden 2 and Dresden 3. Crack growth rates based on actual 
conductivity averages for the first five cycles are compared to those based on the average 
conductivity for the last five cycles. The last five cycle average for conductivity has been less than 
0.1 µS/cm, and the last five cycle average prediction is made at the conductivity value of 0.1 
µS/cm, which is also the model limit. As noted in Figure 1, a reduction in crack growth rate by a 
factor of approximately 32 is obtained for the Dresden 2 H5 weld area because of the decrease in 
ECP. 

The ECP of the H-5 stainless steel shroud location at Dresden-2 is estimated to be approximately 
-100 mV(SHE) based on ECP measurements at Quad Cities-2 (Reference 10), while at the non
HWC Dresden-3 the stainless steel at the same location is estimated to be characterized by an ECP 
of approximately +150 mV(SHE) (Reference 10).While the beneficial effect ofHWC on crack 
growth rates at other weld locations can not be as well quantified, the process will have the effect 
of lowering crack growth rate compared to that achieved with normal water chemistry. Degrees of 
weld sensitization of 15 C/cm2 (no effects of irradiation) and a stress intensity of 20 ksi"in (no 
effects of irradiation relaxation) for H-5 are assumed to represent residual stress. This estimated 
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250 m V difference in stainless steel ECP is the main factor which reduces the crack growth rate 
(l.24E-5 vs. 3.92E-7 in/h [108 vs 3 mpy]). 

It is clear that an increase in sulfate/conductivity results in an acceleration in crack initiation as 
measured by the constant extension rate test (CERT). The examination of Figure 1 shows that 
lower conductivity at Dresden 2 during the first 5 cycles (0.3 µS/cm) reduced the predicted crack 
growth rate by a factor of approximately 1.6 compared to Dresden 3 (0.4 µS/cm) at the same ECP 
of+ 150 m V(SHE). This high conductivity crack initiation and propagation acceleration factor is 
consistent with the relatively high incidence of IGSCC in creviced Alloy 600 shroud head bolts and 
Alloy X750 jet pump beam bolts at Dresden 3. 

BWR water chemistry transients are reviewed with only limited data obtained after 1983. This 
reveals that although Dresden 2 has more documented transients than Dresden 3 all of the Dresden 
2 transients are relatively minor and are not expected to alter the relative difference between 
Dresden 2 and Dresden 3 in this evaluation . 

6 
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6 . 0 Normal Operation 

As discussed in the preceding sections, the postulation of significant through-wall 
cracking, leakage, or separation of the core shroud assembly at H5 weld area is extremely 
improbable. The more likely but still improbable scenario would be for some bypass flow 
to occur from the core bypass region to the reactor downcomer annulus. 

Even if the postulated cracking or separation were to occur, the weight of the core shroud 
above H5 weld is sufficiently high to hold the core shroud assembly in place during all 
normal operating conditions. The postulated leakage would occur through a gap much less 
than 0.001 to 0.002 inch. The estimated leakage flow is less than 30 gpm, assuming that 
a 0.002 inch gap exists around the entire circumference at 7 psid differential pressure. 
Leakage flow of this magnitude has no consequence upon the plant operation. It also would 
not be detectable by the plant operator because the leakage flow is small and the leakage 
temperature at this location is the same as the downcomer temperature. 

7.0 Anticinated Operational Events Related to Increased Shroud Head 
Pressure Loads 

The previous sections demonstrate that cracks that grow through the shroud wall or cause 
complete separation of the shroud assembly at H5 area from the lower shroud are 
improbable. This section discusses anticipated operational occurrences that could increase 
shroud loads above those experienced during normal operation: pressure regulator failure -
open, recirculation flow control failure - increasing to maximum flow, and inadvertent 
actuation of the Automatic Depressurization System. The normal operating pressure drop 
across the upper shroud is 7 psid (Reference 6) . 

7 .1 Pressure Re1rulator Failure - Qpen 

This postulated Safety Analysis Report (SAR) event involves a failure in the pressure 
controls such that the turbine control valves and the turbine bypass valves are opened as far 
as the Maximum Combined Flow Limiter (MCFL) allows. For the Dresden units, with a 
bypass capacity of 40% ofrated steam flow, the worst case involves inadvertently 
increasing the steam flow to about 150% of rated. This would not happen because the 
steam flow limit is set at 105%. A depressurization and cooldown occurs which is isolated 
by Main Steamline Isolation Valve (MSN) closure. This steam flow increase is small 
enough that the increased force on the shroud head (approximately 50% above the normal 
pressure drop) is less than the pressure differential of 12 psid due to the main steam line 
break (Reference 6). The weight of the core shroud above H5 weld is sufficiently high to 
hold the core shroud assembly in place at 12 psid load. Any leakage postulated may occur 
through a gap much less than 0.001to0.002 inch. The postulated leakage flow is 
approximately less than 40 gpm, with the assumption that a 0.002 inch gap exists around 
the entire circumference at 12 psid pressure differential. The leakage flow of this 
magnitude has no consequence for the plant operation. 

7 .2 Recirculation Flow Control Failure 

This postulated event involves a recirculation control failure that causes both recirculation 
loops to increase to maximum flow. In this type of case, the pressure drop could change 
from a pan-load condition to the high/maximum flow condition over a time period of 
several seconds, but it should not significantly exceed the pressure drop expected for 
normal full power, high core flow operating conditions (7 psid). Normal operating 
procedures are considered sufficient to minimize the consequences of this potential 
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transient, and the force on the shroud head is within the inspected shroud capability (12 
psid in Section 7.1). 

7. 3 Inadvenent Actuation of ADS 

Inadvertent actuation of the Automatic Depressurization System (ADS) valves is another 
postulated event that could put an increased load on the upper shroud. The maximum 
steam flow and the depressurization rate are significantly smaller than for the postulated 
main steamline break, causing a short-term increase in steam flow of approximately 30% of 
rated steam flow. The increase in the shroud Af' resulting from the opening of the ADS 
valves would occur over a period of about one second, spreading the effect of the change in 
load. 
Inadvertent ADS is also a very low probability event; it is considered to be in the ASME 
Emergency category in the vessel thermal duty design. It has been used as the design basis 
Emergency event for the Dresden shroud. The effect of this event is bounded by Section 
7.1. 
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8. 0 Deshm Basjs Accidents 

Although the previous sections demonstrate that the probability of the postulated separation 
of the core shroud assembly at H5 weld area is extremely low, an accident occurring with 
a separated core shroud is addressed in this section. 

The Main Steamline Break Accident imposes the largest potential lifting loads on the shroud 
head. Liquid breaks (e.g., recirculation line breaks) do not impose large pressure drops on 
the shroud head, and, in fact, the shroud pressure drop decreases from its initial value. 

8 .1 Main Steamline Break 

The main steamline break inside primary containment is the postulated worst case because it 
results in the largest depressurization rate. During this SAR event, the reactor is rapidly 
depressurized as a result of a postulated instantaneous, double-ended break of the largest 
steamline. Thus a larger than normal pressure difference could develop across the shroud 
as fluid flow is drawn from the core region toward the break. For Dresden 2, the design 
basis pressure difference is 12 psid for the guillotine break of a main steam line (Reference 
6). 

The weight of the core shroud above H5 weld is sufficiently high to hold the core shroud 
assembly in place during the main steam line break, and the core shroud does not lift 
(Reference 5). The leakage may occur through a gap much less than 0.001to0.002 inch. 
The postulated leakage flow is approximately less than 40 gpm, with the assumption that a 
0.002 inch gap exists around the entire circumference at 12 psid pressure differential. The 
leakage flow of this magnitude has no consequence for the emergency core cooling 
performance. 

If the main steam line break occurs simultaneously with the design basis earthquake, and 
360° complete through-wall crack is postulated, this added load might cause separation of 
the upper shroud assembly near the H5 indications, leading to an upward displacement of 
this structure and the associated top guide. The amount of lifting and the potential effect of 
these postulated occurrences on emergency operation are described below. 

One of the key considerations of this postulated accident case is the ability of the control 
rods to insert before or during the postulated accident Specifically, sufficient lifting of the 
top guide prior to control rod insertion could cause reorientation of the fuel bundles and 
thus impede the insertion of control rods. 

The shroud head pressure drop characteristics calculated for the instantaneous, double
ended steamline break accident were evaluated for a typical BWR (Reference 11). The 
initial shroud head pressure drop loading is a result of the decompression wave which 
reduces system pressure overall, but would increase differential pressure across the shroud 
in the short term . 
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The pressure loading increase is short-lived (less than two seconds) and decreases to below 
normal steady state loads. Even ifthe remaining shroud ligament is small (see Section 4), 
the structural integrity of the shroud will remain intact for this postulated limiting event If 
it is even further postulated that the initial load pulse causes the shroud to separate, the last 
part of the pressure loading could cause the shroud assembly to lift. The flow path created 
by any separation reduces the upward lifting forces. For this postulated scenario the core 
shroud assembly would not lift with the main stem line break alone, but would lift less than 
2 inches if the main steam line break occurs simultaneously with the design basis 
earthquake. 

Scram is initiated during the main steamline break (inside containment) accident by the high 
drywell pressure trip signal. Drywell pressure exceeds the setpoint almost instantaneously, 
so the only delays in the rod insertion come from the sensors, the Reactor Protection 
System, and rod motion. For the main steamline break outside containment, shroud loads 
are reduced, MSN closure is initiated by high steam flow, and scram is initiated from the 
MSN closure. 

For either postulated steamline break scenario, the insertion of all control rods will occur 
within the required time. With the main steam line break alone, the core shroud assembly 
would not lift or move laterally, and no degradation of scram performance is expected. If 
the main steam line break occurs simultaneously with the design basis earthquake, the 
shroud assembly would lift less than 2 inches, and the lateral movement is limited to 2 
inches by the clearance between the core shroud inner wall and the core support (Reference 
12). Normal CRD alignment from the bottom end of the fuel bundles to CRD flange will 
be maintained and no binding. within the CRD mechanisms is anticipated during a scram. 
However, during the design basis earthquake, the shroud assembly, if separated at H5, 
could shift laterally up to 2 inches. With the random displacement anticipated during 
seismic events, the CRD alignment in the core region would undergo intermittent periods of' 
misalignment. Hence, the CRD scram speed would assume an oscillatory velocity profile, 
such as typically expected under seismic events. Minimal scram performance degradation 
is expected. Even under the worst condition, the control rods fully insert, and reactor 
shutdown would thus be achieved. 

Movement of the upper shroud assembly (in the very unlikely case that it occurs) could 
affect the core spray system if it impacts the core spray line connection. The 2 inch lift can 
be easily accommodated by 1.69 inch vertical clearance in the core spray line brackets and 
the compliance in the core spray line itself (Reference 13). The coolant flow to the two 
core spray spargers is ensured. Therefore, no change is predicted in the emergency core 
cooling function. 

The main steamline break has also been evaluated for radiological release consequences in 
the SAR. For a main steamline break inside of containment, the radiological consequences 
are bounded by the Loss of Coolant Accident For the main steamline break outside of 
containment, the magnitude of the pressure loads that potentially could lead to separation of 
the upper shroud are less than that for breaks inside the containment, due to attenuation of 
the depressurization wave along the steamline. MSN closure is initiated before any 
potentially increased radiological release outside containment from such a scenario could 
occur. The radiological consequences of this main steamline break scenario are thus still 
bounded by the plant SAR results. 

8. 2 Recirculation Line Break 

For the design basis recirculation line break, the differential pressure across the upper 
shroud decreases from the initial value as the reactor depressurizes, upward forces are 
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reduced, and thus there is no significant threat to core shroud integrity. With the shroud 
integrity maintained, a floodable core region is also preserved. Even if the entire 
circumference is postulated to be cracked as done in the previous sections, the shroud 
assembly does not lift, and the calculated leakage flow is very small compared to the 
emergency core cooling system flow capacity, and there is no significant decrease in 
coolant to the core. Therefore, the recirculation line break analysis results are unchanged. 

9. 0 Emen:ency Operator Actions 

The Emergency Procedure Guidelines (EPGs) are the basis for plant specific Emergency 
Operating Procedures (EOPs). The EPGs are symptomatic in that they respond to detected 
symptoms and do not require diagnosis of the event by the operator. They address a very 
wide range of events, both less severe and more severe than the design basis accidents. 

The worst postulated event discussed above could result in separation of the shroud 
~ssembly from the lower shroud, which has minimal impact to scram performance. 
Therefore, no further consideration is necessary for the impact of this postulated event on 
the EPGs. 

The EPGs provide instructions for reactor pressure, water level, and power control, as well 
as control of key primary containment parameters. Actions specified in the EPGs for 
reactor power control are to (1) insert control rods using a variety of methods, and (2) 
initiate the Standby Liquid Control System (SLCS) before pool temperature increases to the 
allowable value (typically 110 F). EPG instructions are for water level to be controlled 
below the high water level setpoint; thus there would not be dilution of the liquid boron by 
flooding to the steamline elevation or loss of vessel inventory out the break in case SLCS 
injection were to occur. 

Water level would be controlled after the postulated event because the break is high in the 
vessel and a large compliment of water injection systems would be available. 

12 



GE-NE-A00-05652-03, REV 1 

10.0 References 

1. Telecons between Dave Rogowski and Dean Legler (CECo) and G. L. Stevens, 
Hwang Choe, Gene Eckert, and John Nash (GE), April 27 and 28,1994 · 

2. Ultrasonic Examination of Dresden Unit #3 Shroud Weld# H5, CECo inspection 
report prepared by Brian F. Wilson, April 27, 1994 

3. GE Rapid Information Communication Services Information Letter (RICSIL) 068, 
Update on Core Shroud Cracking, April 8, 1994. 

4. GE Services Information Letter (SIL) 572, Revision 1, Core Shroud Cracks, 
October 4, 1993. 

5. Limit Load Analysis on Allowable Crack Depth, Dresden 3 Shroud Circ Flaw at 
HS, GE Design Record File, DRF-137-0010-7, Report Number GE-NE-523-05-
0194. This reference shows also the core shroud cumulative weights, and effective 
weights for OBE and DBE at various elevations of core shroud. 

6. Updated Final Safety Analysis Report, Dresden 2 and Dresden 3, Tables 3 .9-19, 
and 3.9-20, and Figure 3.9-5 · 

7. B. M. Gordon et al, "Hydrogen Water Chemistry for BWRs-Materials Behavior-Final 
Report," EPRI TR-100304, Palo Alto, CA, February 1992. 

8. M. E. Indig et al, "Investigation of the Protection Potential Against IASCC," paper #71 
presented at Corrosion 92, NACE, Nashville, April 1992. • 

9. F. P. Ford et al, "Prediction and Control of Stress Corrosion Cracking in the 
Sensitized Stainless Steel/Water System," paper 352 presented at Corrosion 85, 
Boston, MA, NACE, March 1985 

10. M. E. Indig, "Quad Cities-2 Hydrogen Ramping Test," February 21, 1994 (Draft) 
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Lateral Loads op the Core Shroud Durio& LOCA Due to Nop-symmetrjc 
Depressurjzatjon lg the Downcomer Annulus 

This load is due to an instantaneous break of the recirculation suction line. Such a load is 
unrealistic in the sense that it takes a finite time for the break to occur, at least 100 
milliseconds. However, a hypothetical instantaneous break is considered as the source of a 
bounding load. The asymmetric load is caused by the fact that the sound wave takes finite 
time to travel from the broken. suction line side to the unbroken suction line side of the 
annulus. The duration of the load is extremely short, about 5 milliseconds, as shown in 
Figure 3.9-6 of the UFSAR (Reference 6). The accoustic load has a stronger effect on the 
lower portion of the shroud, including the H5 weld area (near the recirculation line suction 
nozzle). This load has little effect on the upper shroud areas (e.g., near H2 and H3). 

Three areas that the accoustic load could impact are examined: allowable crack length, 
allowable crack depth, and lateral motion of the shroud assembly during a recirculation line 
break. Short duration loads of this type do not lead to any significant deformation and are 
generally not included in the analysis of the allowable flaw sizes. Pressure associated .with 
the main steam line break exceeds that of the recirculation line suction break. Thus even 
with any effects of the acoustic loads from the recirculation line suction break, the main 
steam line break still bounds. Therefore, The allowable crack depth is still bounded by the 
combination of the main stream line break with the design basis earthquake. The lateral 
motion of the shroud assembly is limited to a very small magnitude due to the short 
duration of the accoustic load. In conclusion, this load does not affect the evaluations 
performed for the H5 weld area . 
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TITLE: Dresden 3 Shroud Circ Flaw at HS, Limit Load 

FLOW STRESS FACTOR ON SM = 3.000 
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DradenS 
DyMmlc l.oMs Md 1tres .. : 

Purpose: Determine the bending stresses in the shroud due to the seismic load 

Refemace: See ORF Reference List. 

Dl1cuulom: The relative elevations foc the dynamic loads were taken from Rd: 1. The section modulus Z 
was calculated at ach weld location. Linear interpolation was used to determine the 
moments foc ach weld; the aiiTesponding weld elevations were dctennincd from Refs. 3b, 
Jc, Jc, and 3f. The beadin& ltreacs were calculated for OBE and DBE conditions using 
standard strmgth of materials equations (stress= M/Z}. 

The maximum seismic moments for the shroud summarized below in Table 2 are taken from 
RefercDce 1. ~DBE (SSE) loads in Table 2 are two times the OBE loads, from Ref. l. 

Table I below shows the seismic loads applied to each weld for OBE and DBE conditions. 

TABLE t SEISMIC LOADS AHO STRESSES FOR EACH WELD LOCATION 

Wiid Dnignlltion Elev. Oublde llllide Thick. Section OBE OBE 
(In) R8dlul R8dka ~ Moment Pb 

H1 391.375 110.00 108.00 2.00 7.47E+04 3.24E+03 6.48E+03 0.04 
H2 357.975 110.00 108.00 2.00 7.47E+04 8.79E+03 1.38E+04 0.08 

'' H3 355.375 103.58 101.58 2.00 8.81E+04 7.22E+03 1.44E+04 0.11 ' 
H4 286.375 103.58 101.58 2.00 S.81E+04 2.34E+04 4.87E+04 0.315 
HS 181.1 103.58 101.58 2.00 l.81E+04 4.01E+04 9.02E+04 0.11 
H8 iat.125 100.50 88.50 2.00 B.22E+04 4.14E+04 9.29E+04 0.87 
H7 131.500 100.50 88.50 2.00 9.22E+04 8.03E+04 1.21E+o5 0.17 
HI 120.531 100.50 88.50 2.00 8.22E+04 8.43E+04 1.29E+o5 1.0S 

i 
I 

),, 
TABLE 2 REFERENCE t LOADS 

NOT USED 

Hodel Cumullltlv9 Eh:llw Ellc:tiw Moment Mlrnent 8hMr ·.! !: /: 

DBE Etrec:tive 
Pb Wt. (ldp) 

OISE 

0.09 177.77 
0.19 201.10 
0.22 202.24 
0.71 B.08 
1.21 334.48 
1.33 331.02 
.1.14 311.36 
2.07 311.38 

!" 
I 

Elevation 
from VB 

(In) 
Wt. (lclp) Wt. (ldp) Wt. (lclp) {in-ldp9) (In-kips) (ldp9) Vertical Acceleration (g'a) 

: ) OBE DBE OBE DBE OBE OBE DBE 
I) I 

/ 
12 133.87 108.23 ........ 88.27 1.44E+o3 2.87E+03 25 

! : 
0.067 0.134 

13 238.79 113.06 177.05 3.64E+03 7.28E+03 11S8 

En.ctive 
Wt. (kip) 

DBE 

113.04 
114.43 
115.48 
237.59 
301.76 
30l.18 
322.24 
322.M 

Density (lbfjnAJ) 
StMI Water 

0.290 0.036 463.49 
375.53 
288.77 
208.01 
147.53 
120.53 

14 
.15 

287.73 
405.62 

232.82 213.35 
327.14 300.76 

1.91E+04 3.81E+04 
3.46E+04 6.91E+04 

193 
327 

Buoyancy: subtract weight of watur displaced 
• l'Mtal wt .• -t• demity/metal density 

16 434.59 351.38 322.24 . 434.59 3151.38 ...-322.24 
• Shroud Support Plate 

OBE to DBE Factor: 2 

DR3SHROD.XLS 

5.43E+04 1.09E+05 
6.43E+04 1.29E+05 

Page7/7 

388 
386 

EtTectlve Wt• Cum. Wt. • (1-Dens. Ratio-Vert. Acc.) 
stalnlaa steel density from Y1002A002 rev. 4 

,. 

./ 
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CIRCUMFERENTIAL FLAW 
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In summary, the design of the TAP supports is adequate for the loads, load 
combinations, and acceptance criteria limits specified in NUREG-0661i 51 and 
substantiates the piping analysis results. 

3.9.4 Control Rod Drive Svstems 

The design of the CRD system is discussed in Section 4.6. Control rod drive 
materials are addressed in Section 4.5. 

3.9.5 Reactor Pressure Vessel Internals 

The following sections provide descriptions of the physical layout of the reactor 
pressure vessel internals (Section 3.9.5. lJ, ofloading conditions applicable to their 
structural and functional integrity (Section 3.9.5.2), and of their design evaluation 
1 Section 3.9.5.3). Design of the control rods is described in Section 4.6. 
Information on the reactor internals materials is provided in Section 4.5.2. 

:3.9.5.1 Design Arrangements 

In addition to the fuel and control rods, reactor vessel internals include the 
following components: 

A. Shroud, 

B. Baille plate (shroud support platei, 

C. Baille plate supports, 

D. Fuel support piece, 

E. Control rod guide tubes, 

F. Core top grid, 

G. Core bottom grid, 

H. Jet pumps, 

I. Feedwater sparger, 

J. Core spray spargers, 

K. Standby liquid confrOlsyst_em ~p~ger, -

L. Steam separa~~! assembly,----

M. Steam dryer assembly, and 
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~. Incore nuclear instrumentation tubes. 

The shroud is a stainless steel cvlinder which surrounds the reactor core and 
provides a barrier to separate the upward flow of coolant through the reactor core 
from the downward recirculation flow. Bolted on top of the shroud is the steam 
separator assembly which forms the top of the core discharge plenum. This 
provides a mixing chamber before the steam-water mixture enters the steam 
separator. Refer to Figure 3.9-4 for the reactor vessel cut away isometric for 
illustration of parts arrangement. 

The recirculation outlet and inlet plenum are separated by the baflle plate joining 
the bottom of the shroud to the vessel wall. The jet pump diffuser sits on and is 
welded to the bafile plate. making the jet pump diffuser section an integral part of 
the bafile plate. 

The bafile plate and inner rim are made of Inconel to allow for welding to the , 
ferritic base metal of the reactor vessel. The bottom of the shroud is welded on top 
of the rim, which provides for the differential expansion between the ferritic, 
Inconel, and stainless steel components. Inconel legs welded at intervals around 
the bafile plate support it from the vessel bottom head. 

The bafile plate supports carry all the vertical weight of the shroud, steam 
separator and dryer assembly, top and bottom core grids, peripheral fuel 
assemblies. core plugs not carried on guide tubes, and jet pump components carried 
on the shroud. In addition" the supports must withstand the differential pressures 
of normal operations and blowdown accidents (either upward or downward), and for 
the vertical and horizontal thrust of the seismic design. 

The reactor fuel supports are the 4-lobed, Type 304 stainless steel fuel support 
pieces mounted on top of the control rod guide tubes. Each support piece holds four 
fuel assemblies and is designed to hold the orifice plates used for core flow 
distribution. There are two types of orifices, one for peripheral assemblies ~done 
for nonperipheral assemblies. The control rods pass through slots in the center of 
the support piece. Each fuel support piece is removed to take out the control rod 
with attached velocity limiter. 

The control rod guide tubes extend up from the control rod drive housing through 
holes in the core bottom grid. Each tube is designed as a lateral guide for the 
control rod and as the vertical support for the fuel support piece which holds the 
four fuel assemblies surrounding the control rod. The guide tubes are fabricated 
from stainless steel with 0.165-inch nominal and 0.134-inch minimum wall 
thickness which results in a safety factor of 4 during the maximum applied loading. 
This maximum loading occurs at the end of control rod insertion so that even if the 
tube were to-buckle-the control rod would remain inserted. The bottom of the 
guide tube is inserted and locked into a sleeve in the control rod drive housing. 

The core top grid appears as a series of beams at right_angles forming square 
openings, each for four fuel assemblies. The grid provides lateral support and 
guidance for the assemblies. Holes in the beams are provided to receive the top 
hooks of the temporary control curtains, which are then prevented from unhooking 
by the-.adjacent fuel assemblies. The top grid is attached to the reactor core 
shroud. 
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The core bottom grid consists of a perforated stainless steel plate supported on a 
grid beam structure, which is in turn supported on the reactor core shroud. The 
fuel support pieces are held laterally in the grid openings. Sixteen fuel assemblies 
or core plugs at the periphery of the core, which are not adjacent to control rods, 
are directly supported by the bottom grid. Proper orificing for coolant flow is 
provided in the grid for these 16 assemblies. Smaller perforations in the core plate 
provide guidance for the incore neutron monitor guide tubes, between fuel assembly 
locations. 

The 20 jet pumps are of stainless steel construction and consist of a driving nozzle, 
suction inlet, throat or mixing section, and diffuser. The jet pumps are arranged in 
two symmetric groups around the reactor core shroud in the downcomer annulus. 
Each of the 10 supply lines from the recirculation pumps supply high-pressure 
water to a pair of jet pumps. Each supply line is welded to a nozzle on the outside 
of the reactor vessel. On the inside of the vessel a stainless steel riser pipe 
terminates at the pair of jets. The riser is held in position by support arms welded 
to the vessel wall. 

The jet nozzle, contoured inlet. and throat are joined together as a removable unit, 
clamped to the top piece of the riser by nut-locking system. The joint between the 
throat and the diffuser is a slip fit. The throat section is supported by a clamp ring 
attached to the riser. 

The jet pump diffuser is a gradual conical section changing to a straight cylindrical 
section and flange at the lower end. The diffuser is inserted up through the hole in 
the bafile plate, and is supported by brackets from the vessel wall. A water seal is 
formed by a preloaded Belleville washer between the diffuser flange and the bafile 
plate and by a bellows seal welded at the top to the diffuser and down to the bafile 
plate. 

The hydraulic and operational effects of the jet pump design are discussed in 
Section 5.4.1. 

Feedwater sparger integrity is discussed in Section II.3.2 of Amendment No. 5 for 
the Dresden Unit 3 Plant Design and Analysis Report,i 111 which also includes a . 
discussion of the core spray sparger integrity. The following paragraphs, however, 
cover some of the features unique to the feedwater sparger. · ·· 

Four feedwater spargers are utilized in the reactor. Each sparger is approximately 
70 inches in length and mounted to the inside reactor vessel surface. The thermal 
sleeve is attached to the sparger midpoint; however, the sleeve is not welded to the 
vessel nozzle. Therefore the feedwater sparger is removable. The spargers are 
mounted in the vessel .at one elevation to distribute the feedwater in a symmetric 
pattern about.the vessel axis. Vibration consideration.forfe-edwater.spargers is the 
same as thaf'discussed-0n page II.3.3-10-Am.enclin-enLNo:5-Jort1i~:Dres'den Unit 3 
Plant Design and Analysis Report. 1111 Each sparger is supported by the thermal 
sleeve and a bracket mounted to- each end of_~~e-s~~ge;:: --~ -

The feedwater nozzle inner bore, the thermal sleeves, and the feedwater spargers 
were modified (Januarv 1981 on Unit 2 and January .1982"on Unit 3). This 
modification .consl.sted -of removing (by ma~h(ning)c clad from the fe~dwater nozzle, 
boring the i.Iiside diameter of.the safe-end to-accommoCfafidlie.:ne·w-::re-edwater 
sparger seal surfaces and finally 'installiri.g_the rie-v.idesign Sparger. The modified 
thermal sleeve is a double seal/triple thermal sleeve which gives a dual seal. 
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interference fit (piston ring typeJ. 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 and will limit the number of mandatory in-vessel dye penetrant 
examinations in the future. This modification is in compliance with 
~cREG-0619t 121 which required a "final fix." 

The reactqr 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. 

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 (rom the dryer assembly 
into the water to form a seal 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 re:actor 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. · 
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Twelve of the tubes are dosed at the top end and are designed for the same 
pressure as the reactor vessel to prevent leakage of reactor water. Four of these 12. 
tubes are for the source range monitor detectors and 8 for the intermediate range 
monitor detectors. 

The other 41 each contain 4 local power range monitor (LPRM) incore detector 
strings and a guide tube for the traversing incore probe. Each of the 41 stainless 
steel tubes is approximately 1 inch in diameter, is open at the top for water cooling, 
and has a pressure seal at the bottom where the coaxial cables leave the reactor. 

3.9.5.2 Loading Conditions 

The reactor internals are designed mechanically to: 

1. Provide an adequate distribution of coolant flow within the reactor, and 

2. :vlaintain structural integrity during normal operations, seismic 
disturbances, and design basis accident conditions. 

The specific design requirements for each internal component may vary due to . 
differences in material, and location. Each component must be able to withstand 
the combined loadings from differential pressures and temperature, dead weight, 
fluid movement, control rod motion, seismic acceleration, and vibration. Allowable 
stresses as defined by the ASME Code will not be exceeded. Allowances must be 
made for thermal expansion, corrosion, and crud buildup. 

The reactor core structural components are designed to accommodate the loadings 
applied during normal operation and maneuvering transients. Deflections are 
limited so that the normal functioning of the components under these conditions 
will not be impaired. Where deflections are not the limiting factor, ASME Section 
III is used as a guide to determine limiting stress intensities and cyclic loadings for 
the core internal structure. 

The loading conditions which occur during excursions or loss-of-coolant accidents 
have been examined. The reactor core shroud, shroud support, and jet pump body, 
which comprise the inner vessel around the core within the reactor vessel, are 
designed to maintain a reflooding capability following a design basis loss-of-coolant 
accident. Reflooding the reactor core to the top of the jet pump inlets will provide 
adequate cooling of the fuel. 

The design of the jet pump parts takes into account_ the pressure loading both in 
normal and accident conditions and the reactions at the supporting .brackets due to 
differential thermal expansion of the pump and reactor primary vessel. 

- .. 

The reactor internals are designed to preclude failure which would result in any 
part being discharged through the main steam line, in the event of a steam line 
break, which might block a main steam line isolation valve . 

The structural components· which guide-the.£ont:r:ol rods .are analyzed to det.ermine 
the loadings which .would occur in a design basis loss-of-coolant accident. ··,The 
reactor core structural components are designed so that deformations produced by 
accident loading will not prevent insertion of the control rods. 
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Pressure differentials, jet reactions. and earthquake loadings have been considered 
in the analysis of the feedwater sparger. These stresses were all within the 
requirements of ASME Section III for Class A Vessels. The sparger was analyzed 
assuming the thermal sleeve is welded into the nozzle. The resultant bracket loads 
were then given to the vessel manufacturer so that properly sized vessels brackets 
could be sized to meet the Section III criteria. 

3.9.5.3 Design Bases 

This section presents the details of key evaluations performed for the reactor vessel 
internals. A discussion of the jet pump assembly and its relationship to the vessel 
and to the other reactor internal components during steady-state and transient 
operation is included in the jet pump topical report APED-5460. 1131 Section 4.3.2.2 
of the report describes the stress analysis that was performed to demonstrate the 
adequacy of the structural design of the jet pump assembly and the core shroud 
during operation of the emergency core cooling system, which is the condition of 
maximum stress for the jet pump core shroud assemblies. · 

The reactor internals which must maintain their functional integrity to assure safe 
shutdown following the various postulated accidents are the following: 

A. Reactivity Control Systems 

1. Control Rod and Control Rod Drive Systems 

a. Fuel channel-core support complex. 

b. Contror rod control assemblies. 

2. Stand-by Liquid Control 

B. Emergency Core Cooling Systems 

1. LPCI System 

a. Core shroud and bafile, relative to the ability to maintain water 
level in the core. 

b. Jet pump structure relative to the ability to introduce and 
maintain a water level in the core. 

2. HPCI System; with components corresponding to those above. 

3. Core Spray System- -

a. Core spray piping and sparger in the reactor pressure vessel. 

b. Arrangement of the c6re-support complex~ relative to its ability to 
a~_cep~ water from the core -~pray: · -

---- ~----·~·· 
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Based on analyses of the reactor internals during both normal and accident 
conditions, it was determined that stresses in the individual components are 
limiting, except in the following areas where deformation is the controlling 
parameter: 

A. Deflection of the fuel channels under accident pressure conditions is 
limited to an amount substantially less than that which would prevent 
control rod drive insertion. The maximum frictional force exerted on the 
fuel channel by the control rod (as a result of interference), during a 
design basis accident, is less than 100 pounds. The minimum force 
exerted by the control rod drive on a control blade is 3000 pounds. 
Therefore, control blades can be fully inserted against the forces of fuel 
channel deflection under the most severe accident conditions. Under the 
above control rod insert conditions, the fuel bundles which weigh about 
700 pounds will not be lifted due to the resisting insertion forces of 100 
pounds friction from the deflection of its members. 

B. Horizontal deflection of the control rod drive housings is limited to a 
value which through test has been demonstrated not to impede control 
rod insertion. 

C. Deflection of the core plate and lower grid assembly is limited under 
normal operation to preclude taking up vertical clearance between the 
core plate and control rod guide tubes so that the core bypass leak.age 
flow can be predicted. This results in stresses that are below yield even 
during accident conditions. The maximum deflection of the core plate 
under accident conditions is limited to 0.125 inches, which represents a 
considerable factor of safety below the deflection at which the core plate 
and guide tube could come into contact. 

The maximum value of primary stress in reactor internal components generally 
results from the large pressure difference created when either the recirculation line 
or the steam line are completely severed. A discussion of these two accidents is 
given in Sections 3.9.5.3.1.2 and 3.9.5.3.1.3, respectively. 

The sensitive point within the reactor pressure vessel which is most affected by 
operation of the emergency core cooling systems (HPCI and LPCI) is in the area of 
the jet pump to bafile plate joint. The stress and fatigue evaluation of this location 
is discussed in Section 3.9.5.3.2. 

3.9.5.3.1 Pressure Loadings 

Values of calculated pressure difference versus design pressure capability for major 
reactor internal components are included in Tables 3.9-18 and 3.9-19 to show the 
margin of safety that exists below ASME Section III limits. The margin of safety 
for these components which actually exist, based upon the GE Atomic Power 
Equipment Department (APED) design criteria for reactor internals, is equal to or 
greater than the margin specified in the tables. The loading combinations, and 
stress and deformation limits for reactor internal components are also discussed in 
these criteria. -
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3.9.5.3.1.1 Thermal-Hvdraulic Model 

In this section, the internal pressure forces which would be imposed across the 
internal reactor components during rapid depressurizations associated with pipe 
breaks are discussed in detail. 

Internal reactor pressure forces are calculated for two postulated break conditions. 
a steam line rupture and recirculation line rupture. The steam line break is . 
assumed to be a guillotine line severance which is located upstream of the flow 
limiter. This break gives the maximum break steam flow and maximum pressure 
forces. The conclusion of the event is complete blowdown to the drywell. The 
recirculation line break is assumed to be a guillotine line severance at the pressure 
vessel outlet. This places the break in the downcomer and the conclusion of this 
event is again to have a complete blowdown to the drywell. In both cases, 
reflooding of the reactor is accomplished by the emergency core cooling system. 
The break is assumed, in each case, to occur while the plant is operating at 2527 
:VfWt with 98 x 106 lb/hr core recirculation flow. 

\Vhen calculating internal pressure loading due to a blowdown accident, an 
analytical model is employed in which the pressure vessel is divided into five major 
chambers or nodes. Each node is connected to adjoining nodes by a flow resistance 
as shown in Figure 3.9-5. The five nodes are: (1) subcooled lower plenum, (2) ' 
saturated core, (3) saturated upper plenum, (4) saturated mixing plenum, and (5) 
saturated steam dome. --

The lower plenum to core resistance includes the inlet orifice, acceleration, local, 
and flow losses to the core midplane. The core to upper plenum resistance consists 
of the remaining core local losses and flow losses. The separator resistance is 
between· the upper plenum and mixing plenum and steam dome. In the 
recirculation line break, one additional resistance is included - the resistance 
between the downcomer and the lower plenum through the open jet pumps of the 
broken line. Jet pumps are described in Section 5.4.1. 

Referring to Figure 3:9-5, the pressure forces acting on major components are as 
shown in Table 3.9-20: 

The two design basis breaks will be discussed individually. 

3. 9.5.3.1.2 Recirculation Line Rupture 

The instantaneous-recir.culation .line rupture (double-ended) causes high flowrate 
from the downcmner ancfplenum regions. Initially, supercritical flow Chigh
single-phase flow) exists in the blowdown lines prior to flashing of the water. After 
bubbles form in the lines, two-phase critical flow is established and the blowdown 
rate is reduced from the supercritical flow value. No credit is taken for friction 
losses in the broken line . 

Although the flowrate -from the downcomer is high, the pressure change rate in the 
mixing plenum is only about 20 psi/s assuming no turbine control valve action to 
maintain pressure. Because large amounts of saturated-water-are present in the 
mixing plenum, the depressurization rate is low due to the accompanying flashing. 
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·Large pressure forces due to depressurization of the subcooled lower plenum do not 
develop in the BWR plant. The principle reason in this case is that, in the event of 
a line break. the subcooled lower plenum does not discharge directly to the 
atmosphere. ·Instead, it discharges to the downcomer region thro~gh the 
inoperative-jet pump diffusers, and the downcomer pressure is maintained by 
compression of the steam above the mixing plenum. 

Thus, large pressure forces cannot develop across the diffusers and shroud support 
because the inoperative jet pump diffusers are open between the downcomer and· 
lower plenum. Even though the lower plenum is subcooled, its depressurization 
rate is limited by the downcomer and mixing plenum depressurization rate. The 
fact that some water flows through the jet pump nozzles to the atmosphere is not 
serious since the flow will be critical or "choked" in the nozzles, and the total nozzle 
area is only 15% of a 28-inch OD recirculation line. 

Results of the recirculation line break are given in Table 3.9-18 and compared to 
component capabilities. The upper shroud, lower shroud, and shroud support are of 
interest with respect to the emergency core cooling system. The guide tubes and 
core plate are necessary for scram capability. 

The calculated maximum pressure differential across.the core for the recirculation 
line break does not increase above that at rated conditions, (i.e., 18 psi upward); 
well below the 45-psi pressure differential required for fuel bundle lifting. 

The calculated maximum pressure differential across the fuel channel would be 
approximately 9 psi outward (initial value) for the recirculation line break. Core 
inlet flow decreases to about 40% of rated flow resulting in a decrease in channel 
box pressure level. Since the channel deflection is no more than that occurring 
during normal operation, control rod interference cannot occur. 

If the mechanism by which the fluid is actually accelerated to its maximum 
flowrate is specificall·: to be considered, then the effect of the actual break opening 
time must be includ£ ·: since this is a significant factor in the acceleration 
phenomenon. Following a sudden recirculation line break, about 7 - 75 
milliseconds is required to accelerate the fluid to its maximum flow depending on 
the actual pipe length froin the vessel to the break. Since the actual break opening 
time is expected to be 100 milliseconds or. longer, a relatively gradual fluid 
acceleration will occur and the resulting asymmetric loads are low. Therefore, the 
loads discussed above are the maximum loads to be expected following a sudden 
complete pipe line break. 

Pipe rupture studies such as those performed at GE and Battelle Memorial 
Institute investigating fracture mechanics provide some insight into the mechanism 
of break enlargement. Although no specific data is available which would 
quantitatively define break opening times to be ·expected for large systems, it is 
clear from these studies that large amounts of energy·are required to cause sudden 
enlargement .of an~existing flow into a through-wall ·crack and subsequently into a 
large break which would allow unobstructed blowdown flow. 

Since a finite time is required for this· energy to be supplied by the fluid system to 
the crack.location, the postulated large break.cannot occur instantaneously.-· 
Furthermore, the studies have shown that an existing part-through wall flaw 
which is as much as 2 feet long would propagate through the wall and cause a 
detectable leak without propagating into the postulated large break. Therefore, it 
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is expected that at least 100 milliseconds would be realistically required for a crack 
to propagate into a large break. · 

As discuss.ed above, large asymmetric loads are not expected for a realistic break 
. opening time. However, a hypothetical case has been analyzed in which the break 

opening was conservatively assumed to be instantaneous. It is assumed that the 
fluid pressure at the break drops instantaneously from rated pressure to saturation 
pressure and generates a step change in pressure which propagates toward the 
vessel. The analysis was performed for a break just outside the pressure vessel 
nozzle. 

Analytical results showed that for this worst case, the peak load on the shroud is 
about 170,000 pounds (Point b, Figure 3.9-6) and is about 5 milliseconds in 
duration. Thereafter, the load decreases to 20,000 lbs at 8 milliseconds, which 
corresponds to a steady blowdown flow loading. 

Stresses were calculated in the shroud for two asymmetric loading conditions. The 
first case considered a small load, approximately 60,000 pounds (Point a, Figure 
3. 9-6 ), acting over a small area of the shroud (approximately equal to the 
recirculation pipe cross-section). A conservative magnification factor of 2 was 
applied to the force to account for the dynamic effect of sudden application of the 
load. Local stresses in the vicinity of the applied load were calculated using the · 
methods of Bijilaard for radial loads acting on cylindrical shells. The calculated 
stresses were elastic and were well within the limits of ASME Section III which 
was used as a guide for the design of reactor internals. The second case considered 

. the effects of a large load (approximately 233,000 pounds) acting over a large area 
of the shroud (approximately 21,600 square inches). The conservative 
magnification factor of 2 was again applied. The effect of the large laterally applied 
load is to produce an overturning moment which acts on a shroud; however, the 
resultant overturning moment is no larger than that produced by the design or 
operational basis earthquake and the concomitant stresses are quite acceptable. 

3.9.5.3.1.3 Steam Line Rupture 

Following the instantaneous, double-ended, steam line rupture, critical flow is 
established in each broken line. Since the break is postulated to be upstream of 
the flow restrictor, the break area is the sum of one open steam line area plus one 
steam flow restrictor area. As shown in Figure 3.9-7, this break causes the system 
to depressurize at about 35 psi/s, during initial steam blowdown. About 4 seconds 
later the-depress.urization rate .is.reduced to about zero when the two-phase 
mixture at :about 7 %- quality enters the steam line. In .comparison, for a steam line 
break downstream .. of a ·flow-limiter the ·initial .depressurization-:rate is 25 psi/s as 
reported in-Section 15.6.4.6. 

The design break is assumed to have a constant break area· of 2.33 square feet. 
Actually the effective break area will diminish with time since the isolation valves 
are closing in one end of the break. When the isolation valves have been closed, 
the effective break area is reduced to only one steam line. 

·-· - ~-- :_ -.:....;. ''' 

Rapid decompression of the subcooled lower plenum does·not:occur because the 
decompression rate is limited by the saturated upper core regions. · 
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The initial pressure differential increase across the separators and shroud support 
is caused by the momentum effects associated with the accelerating flow into the 
depressurizing mixing plenum. The increased loadings at approximately 2 seconds 
are the result of saturating the previously subcooled lower plenum inventory. The 
high exit mass flowrate is associated with this phenomenon. 

Flashing will decrease as the inventory becomes depleted. As this occurs the 
loadings across the various internal components will be reduced. Subsequently, no 
means exist for sustaining large differentials between any of the vessel regions and 
all pressure differentials drop to low values. For this reason the curves have not 
been extended beyond 10 seconds. 

The shroud loads discussed above are the maximum loads that will occur following 
a main steam line break. The asvmmetric load due to steam line break is small 
due to the compressible effects of steam and the large expansion as the wave enters 
the pressure vessel. and does not alter the design basis loads. Because steam is 
highly compressible. it is not possible to transmit a rarefaction shock similar to the 
one that can be transmitted in water even for an instantaneous break. In the 
event of a sudden complete steam line break, the linear gradient is such that the 
sonic velocity at the back of the wave ! low-pressureJ is much less than at the front 
of the wave (high-pressure J. Therefore. even if the break is hypothetically assumed 
to be instantaneous, the compressible effects of the steam prevent the transmissio!\ 
of a shock wave. 

Compressibility effects will also limit the amplitude of the linear rarefaction wave 
that would be transmitted into the pressure vessel. This is because steam is highly 
compressible and as the ramped rarefaction wave begins to expand into the 
pressure vessel, a relatively small decrease in pressure would result in a rapid 
increase in particle velocity which would quickly establish steady flow at the break. 
This has the effect of limiting the amplitude of the rarefaction wave that can be 
transmitted into the vessel. 

Based on one dimensional plane wave theory, the amplitude of this ramped 
rarefaction wave would be further decreased by expanding to the cross-sectional 
area of the vessel. Since this low-amplitude plane wave would be propagating 
axially down the vessel, the asymmetric load on the shroud would be small and 
does not alter the design basis loads for the shroud. 

The maximum vessel internal loading has been evaluated without any 
consideration of the rise in coolant level that would occur after a steam line break. 
This level rise would in fact cause two-phase blowdown from the vessel and thus 
reduce the depressurization rate and the time when the maximum loadings would 
occur. It is also assumed that the recirculation pumps remain at full speed through 
the transient. Since they help to sustain interregion pressure differentials this is a 
pessimistic assumption. Similarly the assumption of continued injection of full 
feedwater flow is conservative since it would contribute to the depressurization rate 
and thus maximize the internals loadings. 

Besides the internal forces, there are two other concerns related to the postulated 
steam line break accident. The first is the possibility of lifting fuel bundles due to 
the transient pressure differentials imposed across the core. The second is the 
degree of interference that might exist between the control rods and the channel 
walls because the channel walls deflect outward under the pressure differentials 
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existing at the time the blades are being inserted. Both of these concerns are 
alleviated because of the following conditions. 

The calculated maximum pressure differential across the core would be 
considerably less than the 45-psi value required to lift fuel bundles. In fact. as 
shown by Curve 1 of Figure 3.9-8 it is only slightly over rated differential pressure. 
These calculations were based on the assumptions of continued feedwater flow. zero 
steam line resistance and constant break area which all tend to increase the 
depressurization rate and, therefore, cause the lower plenum to flash prematurely. 
Even if any bundles did lift, the bundle would only lift an inch or two before relief 
action would occur at the nose piece and the pressure drop across the core would be 
rapidly reduced. 

The maximum pressure differential tending to bulge th_e channel outward was 
calculated to be approximately 12 psi. Test data from a similar type fuel channel. 
indicated that the deflections followed the elastic equation at room temperatures 
for stresses greater than 2 times the yield stress. 

Therefore, based on this experimental factor and the corresponding yield stresses at 
operating temperatures the best estimate would be that a pressure differential of 
approximately 25 psi could be applied to the channel without causing the sides to 
deflect sufficiently to bind the control rods. 

Even if it were possible for the channel walls to make contact with the control rods, 
the deflection is not sufficient to cause permanent distortion, and the channel 
springs back when the transient pressure decreases. Furthermore, the blades could 
be inserted even if the channel did pinch the blade. Calculations were performed 
assuming that a 20-psi transient peak pressure difference existed as a steady-state 
force on the entire channel. The net normal force acting on each of the control 
blade rollers was then calculated. Assuming only sliding could take place and 
using a coefficient of friction of unity the total upward force required to force the 
walls apart was only 440 pounds per blade. 

The control rod drive mechanism is characterized by high forces when scrammed. 
At zero reactor pressure a drive develops a force of 6000 pounds tending to insert 
the rod, using the energy stored in the accumulator. The effect of the accumulator 
decreases as reactor pressure increases, but is approximately 3000 pounds at a 
reactor pressure of 1000 psi at the beginning of the scram stroke, well in excess of 
the 440 pounds calculated above. The drive is also scrammed by reactor pressure 
alone, the force exerted from this energy source being approximately 1100 pounds. 
Thus, there is no question that the drives are capable of inserting the blades. 

Another study was based on a statistical evaluation of the manufacturing 
tolerances considering three-point contact. The results of this study indicate that 
even with outward pressure differences of 25-psi adequate clearance for the control 
rod movement woula remain. Furthermore-the signal to insert the control rods 
would occur within approximately 1 second after the accident and the rods would 
be inserted before the peak pressure difference across the channel could occur. 

Therefore, it is concluded that the pressure difference across the core is not 
sufficiently higli to lift the bundles; that the control rods will be fully inserted 
before the maximum pressure differences across the channels occur; and that the 
calculated maximum pressure difference across the channel would not be sufficient 
to pinch the control blade. 
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The control rod guide tube dimensions and tube design were derived to provide 
flexural stability during normal operation and collapse resistance during blowdown 
accident conditions; the differential pressure which would result from these 
conditions are tabulated in Table 3.9-18. Based upon a yield stress of 17,300 psi, 
the minimum collapse pressure is 54 psi of pressure differential across the guide 
tube. 

\Vhen the earthquake design reactions of 0.4 g horizontal and 0.08 g vertical 
1 greater than design earthquake [QBE] ground acceleration of 0.1 g horizontal and 
0.067 g vertical) are combined with the pressure differential of 32 psi across the 
lower shroud, the maximum resulting general primary membrane stress in the 
shroud support legs is 15,200 psi. The ASME Code allowable stress is 23,300 psi 
for this category of loading. 

3.9.5.3.2 Thermal Shock Effects on Core Internals 

High-stress or strain points have been analyzed on the internals structure during 
. the LPCI thermal shock transient. Three specific locations are summarized and 
shown on Figure 3.9-9: 

1. Baille plate ligament strains, 

2. Shroud-to-baffle discontinuity strains, and 

3. Inside-shroud highest irradiation zone. 

The baffie plate peak ligament strain analysis results in a peak strain range of 
6.57C. This strain range, while higher than the 5.0% strain range permitted in 
ASME Section III for 10 cycles of loading, corresponds to about 6 allowable cycles of 
an extended type ASME Section III curve which would apply to fewer loading 
cycles than 10. Figure 3.9-10 illustrates both the ASME Section III curve and the 
basic material curves.from which it was established (with the safety factor of 2 on 
strain or 20 on cycles whichever is more conservative). It is seen that extension of 
the ASME Section III curve represents a similar criteria to that used in ASME 
Section III but applied to fewer cycles of loading than 10. For this 304 stainless 
steel material, a 10% peak strain range would correspond to 1 allowable cycle of 
loading. It is emphasized that even 10% strain level for single cycle loading 
represents a very conservative suggested limit becatise this has a large safety 
margin below the point at which even minor cracking would be expected to begin. 
Since the conditions which lead to the calculated peak strain range of 6.5% are not 
expected to occur even once during the entire reactor lifetime, the strain is 
considered quite tolerable. 

The result of the baffie to shroud analysis for strain is as follows: 

Amplitude of alternating stress 

Allowable ASME Section III cycles 

Maxim um strain range 

3.9-36 

180,000 psi 

220 

1.34% 
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The shroud receives the maximum irradiation at the inside surface opposite the 
midpoint of the core where the total integrated neutron flux at end of life is 2. 7 x 
1020 nvt (greater than 1 MeV). The maximum thermal shock stress in this region 
is 155,700 psi or·0.57% strain. All reactor internal structural members located in 
high-flux regions, including the shroud, are constructed of 304 stainless steel which 
does not suffer from irradiation embrittlement. It does experience hardening and 
an apparent loss in uniform elongation but its reduction in area is not changed. 
Since the reduction in area is the property which relates to tolerable local strain, it 
can be concluded that irradiation can generally be ignored. However, even on the 
basis of changes in the total elongation, one would conclude that this material at 
2. 7 x 1020 nvt integrated flux would be capable of about 15 - 20% elongation. 

The strain range of 0.57% was calculated at the midpoint of the shroud which is 
the zone of highest neutron irradiation. The value of 0.57% strain range was 
determined by dividing the calculated stress range of 155, 700 psi (peak surface 
stress J by the modulus of elasticity for Type 304 stainless steel which was assumed 
to be 27 .5 x 106 psi. The calculated strain range of 0.57% represents a considerable 
margin of safety below measured values of percent reduction in area (which is the 
property that relates to tolerable local strain) for annealed Type 304 stainless steel 
irradiated to 1x10:!1 nvt (greater than 1 MeV). The value of percent reduction in. 
area for Type 304 stainless steel reported in Reference 14 is a minimum of 
approximately 38% for a temperature of 550°F and neutron flux of 1 x 1021 nvt 
1 greater than 1 Me V) and in Reference 15 a reduction in area of 52.5% is reported 
for a temperature of 750°F and neutron flux of 6.9 x 1021 nvt (greater than 1 MeV). 
At lower values of temperature or neutron flux, the percent reduction in area is 
generally even higher. Therefore, thermal shock effects on the shroud at the point: 
of highest irradiation level will not jeopardize the proper functioning of the shroud 
following the design basis accident (DBA). 

3.9.5.3.3 Thermal Shock Effects on Reactor Vessel Components 

Several high stress points on the reactor vessel have been analyzed approximately 
and conservatively to determine the effects of LPCI cold water injection. The 
points examined are as follows: 

1. Recirculation inlet nozzle, 

2. Midcore inside of vessel,. and 

3. · Control rod drive penetration. 

The results on the recirculation nozzle are as follows: 

Amplitude of alternating stress 

Allowable ASME Section III cycles 

Maxim um strain range 

Sleeve 

595,000 psi 

12 

4.5% 

Nozzle 

215,000 psi 

130 

1.6% 

The results at midcore inside of vessel are 67 ,500 psi peak stress. More than 1000 
such cycles would be imposed under ASME Section III fatigue criteria. The total 
maximum vessel irradiation (greater than 1 MeV) at this point has been found to 
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be 2.4 x 101
; nvt which is below the threshold level of any nil ductility temperature 

1 ~'DT) shift for the vessel material. Therefore, irradiation effects can be ignored at 
all locations on the vessel. 

The results on the control rod drive penetration are: 

Amplitude of alternating stress 

Allowable A$ME Section III cycles 

:\faxim um strain range 

3.9.5.3.4 Seismic Loading 

560,000 psi 

14 

3.7% 

A d~·namic analysis was performed which determined the seismic responses of the 
Dresden Unit 2 reactor internals. The methods, approximations, and computer 
programs used in this analysis are detailed in a report by GE Atomic Power 
Equipment Department.' 16 : 

The nuclear steam supply system of Dresden Unit 2 was modeled with lumped 
mass configurations. The internals model included the following components: 
shroud. CRD housing, top guide and core plate, fuel, guide tubes, separators, dryer, 
and Yessel head in addition to the flanges, vessel skirt, standpipes, pedestal, shield 
wall. building, foundation, and the vessel itself. Not included in the mathematical 
model were light components such as jet pumps, incore guide tube and housing, 
spargers and their supply headers. Representative damping values used were 
reinforced concrete structure, 5%; reinforced or prestressed concrete primary 
containment structure, 2%; vessel and skirt, 1 %; shroud, 1 %; fuel, 7%; guide tubes, 
lt;C; and control rod drive, lo/c. 

The maximum seismic shears and moments of reactor internals due to their 
respective SSEs were determined. These were used to determine the adequacy of 
the component design. 

3.9.6 Inservice Testing of Pumps and Valves 

Presently, inservice testing (IST) of pumps and valves is governed by the Third 
10-Year Intel"Val 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 -whfr-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 ed.iti911_~d. ~d.denda in~orporated by 
reference in'Paragraph (b)·of 10 CFR 50:-ss-a·-i2·mcfo.tM7prior-~o the· start of the 
10-year inspection·jnterval. -The-current IST program is-based upon the 
requfrements·cifthe-1986 Edition of Section XI, consistent with the requirements of· 
10 CFR 50:55a. 

: ~: -- ·~ .:::. ".: -
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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.l. 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 as Inservice Inspection <ISi) Class 1 while 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(aJ0), 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. Table 5.2-3 provides a listing of the ISi classification for 
various plant systems. 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 for Subsection IWP of Section XI of the ASME Code, 1986 Edition. 
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 
Subsection IWV of Section~XI of the ASME Code, 1986 Edition. Where these 
requirements were determined to be impractical, specific requests for relief have 
been approved by the NRC. 
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The IST program establishes the requirements for IST to assess the operational 
readiness of certain valves and pressure relief devices (and their actuating and 
position indicating systems!. The valves covered are those which are required to 
perform a specific function in shutting down the reactor to the cold shutdown 
condition, in maintaining the cold shutdown condition, or in mitigating the 
consequences of an accident. The pressure relief devices covered are those for 
protecting systems, or portions of systems, which are required to perform a specific 
function in maintaining the cold shutdown condition, or in mitigating the 
consequences of an accident. In addition to ISI Class 1, 2, and 3 valves, some 
safety-related valves and some nonsafety-related valves have been included in the 
IST program at the request of the NRC . 
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Table 3.9-1 

Sl:~1MARY OF DESIGN BASIS. PREDICTED, AND ALLOW ABLE THERMAL CYCLES 
FOR THE REACTOR PRESSURE VESSEL 

l:nits 2 and 3 
Original Unit 2 Unit 3 Units 2 and 3 
Design Cycle Cycle New Design 
Basis Prediction Prediction Basis 

Cvcle Description Allowable11
' Year 40121 Year 40121 Allowable' 3 

· 

Plant cooldown 4
' 119 293 263 293 

Plant heatup 4 · 120 297 266 298 

Safety relief valve 1 3 0 5 blowdown 4 · 

Reduction of power for 119 158 111 159 plant shutdown 4 ' 

Turbine roll with 120 154 107 160 feedwater injection' 4
' 

Head spray injection'"'· 119 15 23 119 

Loss of feedwater 80 9 11 114 heaters - full14
' 

Loss of feedwater 80 16 41 80 heaters - partial' 4
' 

Loss of feedwater 80 10 12 80 flow 4 

Scram 4 200 248 242 294 

Turbine Trip'"'· 40 78 73 NN 6
' 

Batch feedwater 
addition during hot 595 40 72 122 standby or plant 
cooldown141 

.-

Reduced power NA NA NA 10,000151 

operation, 75o/o-100% 

Reduced power NA NA NA 2,000151 

operation, 50%-75% 

Vessel pressure test to NA NA NA 130 1250 psig 
. - --- -· 
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Table 3.9-1 IContinuedJ 

:SC\1:\1ARY OF DESIGN BASIS. PREDICTED, AND ALLOW ABLE THERMAL CYCLES 
FOR THE REACTOR PRESSURE VESSEL 

Units 2 and 3 
Original Unit 2 Unit 3 Uri.its 2 and 3 
Design Cycle Cycle New Design 
Basis Prediction Prediction Basis 

Cvcle Description Allowable' 1' Year 4012 ; Year 40121 Allowable' 3
' 

Improper start of 
shutdown recirculation NA NA NA 10 
loop 

Sudden start of 
XA NA NA 10 recirculation loop 

O\·erpressure up to 
NA NA NA 1 1250 psig 

0Yerpressure up to 
NA NA NA 1 1375 psig 

Bolt-up NA NA NA 123 

Cnbolt NA NA NA 123 

:\otes: 

1. Original cycles formed the original basis for Dresden design. These were the originally 
analyzed values. 

2. Predicted cycles for each unit are based upon extrapolating actual counted cycles through 
October 1989 over the full 40 year plant life and are thus predictions of the actual cycles 
that each unit will experience. 

3. New design b~is_ allowable~ provide new basis for Dresden design and envelop the 
predicted cycles for both units. · 

4. Cycles reviewed by General Electric (GE). 

5. There is no impact on vessel fatigue from reduced power operation cycles. These cycles 
are counted as a means of tracking the impact of economic generation control (EGC) on 
rapid thermal cycling fatigue. 

6. Turbine trip cycles -~are :Counted as either Loss of Feedwater Heater events or scram 
events, so an allowable is not applicable. 

(Sheet 2 of 2) 
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Table 3_g.2 

. REACTOR PRESSURE VESSEL INTERNALS 
VIBRATION MEASUREMENTS LOCATION A..~'D DIRECTION 

Quantity 

Cold Power 
Flow Operation 
Tests Tests 

Four Control Rod Guide Tubes 4 

Measure axial strain in center of span, 
129" level, at 2 points 90° apart ( ±45° ). 

Four Incore Guide Tubes 4 

:\Ieasure axial strain at approximately 
167" level. for 2 points go 0 apart ( ±45° ). 

Four Fuel Channels 8 4'1 · 

Measure axial strain at 2 levels, 288" 
and 327", in the center of the 2 faces 
adjacent to the control rod for each fuel 
channel. 

Core Plate 3 

:\Ieasure acceleration in three directions 
vertical and horizontal at 0° and goo. 
Mount triaxial array of sensors of 
temporary fuel nozzle plugs near the 
center of the core. 

Shroud 4 4 

Measure the horizontal displacement of 
the shroud at the flange, 385" level, at 
the four locations 8°, g8°, 188° and 278°. 
rTangential motion of shroud OD 
preferred.) 

Separators 4 4 

Measure the horizontal displacement of 
the separator assembly at the 557" level 
by measuring the relative displacement 
of the outer ring with respect to the 
vessel wall at 8°, 188°, and 278°. 

Type 

SG 

SG 

SG 

A 

D 

D 

(Tangential motion of the ring ---· ·--.. ~-·------- -·---·---'·------------····-------
preferred.) 
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Table 3.9-2 (Continued) 

REACTOR PRESSURE VESSEL INTERNALS 
VIBRATION MEASUREMENTS LOCATION Al'ID DIRECTION 

Quantity 

Cold Power 
Flow Operation 
Tests Tests Type 

I. Recirculation Loops 6'2' A 

:vfeasure the horizontal motions of the 
following sections in the recirculation 
loops. The motion is to be measured in 
directions radial and tangential to the 
pressure \·essel. 

a. Suction line at -64" level 12121 ]\.fl2' 

b. Pump body at -252" level 12121 M'2' 

c. Top of pump motor at -84" level 1212; M'2' 

d. Inlet manifolds at 3 azimuth 12121 M'21 
locations each and also including 
vertical direction . 

8. . Jet Pumps 

:\1easure the horizontal relative 
displacement at the following locations: 

a. Top of riser pipe to pressure 2 Dor 
vessel at ±45° directions in pipe SG 
\referenced to vessel radial) 

b. Top of jet pump throat to 2 D 
pressure vessel wall. :Make 
measurements on both pumps in 

··',, 
the pair attached to riser in a. 
above 

c. Across slip joint between throat 4 D 
and diffuser at ±45° directions 
<referenced to vessel radial). 
Make measurements on both 
pumps as in the pair of b. above 

d. Top of diffuser to pressure vessel 4 D 
at ±45° directions in diffuser. On 
same diffuser as c. above 

e. One sensor on each of 5 ( 1 riser 5 
·- ·· .... -----------·-·2nT··-·--·--- --···--n··-------···--·----· 

for 2 pumps) assemblies. 

(Sheet 2 of 3) 
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Table 3.9-2 (Continued) 

REACTOR PRESSURE VESSEL INTERNALS 
VIBRATION MEASUREMENTS LOCATION AND DIRECTION 

Differential Pressures (Dvnamic 0 - 100 
Hzi 

.Measure the differential pressures at the 
following locations: 

a. 

b. 

c.· 

= 
= 
= 

Across the jet pump mounting 
ring, 123" level 

Across the core plate by using a 
spare fuel nozzle plug, 207" level 

Across the shroud head, 416" 
level 

strain gauge 
accelerometer 
linear differential transducers 

Quantity 

Cold Power 
Flow Operation 
Tests Tests 

1 1 

1 

1 1 

Type 

1. The measurement points used were selected after a study of the cold-flow test results. 
They were the most active gauges on the two channels. 

2. The 12 points here are locations that were by covered by a manual survey using a 
portable vibration meter "M." The six points-sliown· are selected lOcations from the 
manual surveys and were displayed on the chart recorder. 

(Sheet 3 of 3) 
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Table 3.9-18 

RPV IXTE&"l\J"ALS PRESSURE DIFFERENTIAL 
DUE TO RECIRCl:LATION LINE RUPTURE 

:\1ajor Component Maximum dP (psiJ Design Capabili tv dP (psi r 1 · 

Shroud Support· 2 ' 25 (initial) 100 

Guide Tube 17 (initial) 68 

Lower Shroud':!' 25 (initial) 185 

Cpper Shroud' 2 ' 7 <initial 185 

Core Plate 17 (initial) 50 

Shroud Head Assembly 9 25 

Notes: 

1. This is the pressure differential consistent with ASME Code allowable stresses. For 
primary loading, considerably higher differentials can be sustained before failure. 

2. Core cooling dependent. -----·- ··--

(Sheet 1 of 1) 
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Table 3.9-19 

RPV IXTERNALS PRESSURE DIFFERENTIAL DUE TO STEAM LINE BREAK 

:\fajor Component 

Shroud Support 

Guide Tube 

Lower Shroud 

C§per Shrou~ 
Core Plate 

7 

::vtaximum ~p (psi) 

30 

20 

30 

1~ 
20 -----------Shroud Head Assembly 12 

Notes: 

Design Capabilitv ~p (psi)' 1 ' 

100 

68 

185 

185 

50 

25 

1. Capability within ASME Code allowable stresses. For primary loading, considerably 
higher differentials can--be sustainedbefore failure. 

(Sheet 1 of ll 
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:\lajor Component 

Shroud Support 

Guide Tube 

Core Plate 

Lower Shroud 

l'pper Shroud 

Shroud Head Assembly 

.Jet Pump Diffuser 

Notes: 

DRESDEN - CFSAR 

Table 3.9-20 

RPV INTER.J.~ALS PRESSURE FORCES 

Pressure Force 

P1-P4 

P1-P3 

P1-P3 

P1-P4 

P~-P4 

P:1-P4 

P1-P4 

Initial Value fpsil 

25 

17 

17 

25 

7 

7 

25 

1. Refer to Figure 3.9-5 (BWR Internal Configuration) for location of pressure nodes. 

(Sheet 1 of 1 l 
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Executive Summary 

This document provides information to address for all Boiling Water Reactors the safety 
significance of the circumferential crack indications in the heat-affected zone of the top 
guide support ring weld of the core shroud assembly. The report concludes that the 
observed phenomenon does not represent a threat to the safe operation of the plant. 

The shroud provides a partition between the core region and the downcomer annulus to 
separate the upward flow of core coolant from the downward recirculation flow. The 
shroud is not a primary pressure boundary component. 

The shroud is made of ductile material with high toughness properties even after 
accounting for any effects due to neutron fluence, while the applied loads on the shroud 
are generally small. The combination of ductility and low stresses makes the shroud 
extremely flaw tolerant. 

Assuming 3 60 degree circumferential cracking, and utilizing ASME £ode safety factors, 
crack depths of up to an average of 90% of the shroud thickness can be tolerated while 
maintaining the structural integrity for norm~ operation and postulated acCident 
conditions (the worst observed crack indications are an average of about 60% of the 
shroud thickness). Even with only 10% thickness remaining, the ASME Code safety 
margins are maintained. 

Should significant through-wall cracking occur, it would be detected during normal 
operation using existing instrumentation and normal plant shutdown could be initiated. 
Even under very conservative assumptions, safe reactor shutdown is achieved 
automatically and adequate core cooling is provided, with manual backup available using 
the existing Emergency Operating Procedures. 

Acknowledgment 

This report is the result of the collaborative efforts of the BWR Owners' Group and GE -
Nuclear Energy. The valuable input received from the BWR Owners' Group utility 
members is worth noting . 
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1.0 Introduction 

Circumferential and axial crack indications have been reported at various locations in the 
core shroud assembly of a BWR/4 located in the US. The circumferential crack 
indications located in the inside surface in the heat-affected zone of the top guide support 
ring horizontal weld (referred to as the H3 weld) are of the most interest because they 
appear to extend 360 degrees around the circumference of the shroud. GE Services 
Information Letter 5 72, Revision l has been issued to assist utilities in their individual 
evaluation ofthis situation. The USNRC has also issued Information Notice 93-79. 

This document provides information for all Boiling Water Reactors (B WRs) to address the 
safety significance of the concerns related to crack indications of the H3 weld. A generic 
shroud cracking evaluation procedure, which will describe the process for performing 
detailed plant-specific evaluations of the shroud, is being prepared under the sponsorship 
of the BWR Owners1 Group. 

2.0 Summary and Conclusions 

Crack indications near the H3 weld do not represent a threat to the safe operation of a 
plant: 

l . The combination of ductile material and low stresses makes the shroud extremely flaw 
tolerant. Assuming 3 60 degree circumferential cracking, and utilizing AS:ME Code 
safety factors, crack depths of up to an average of 90% of the shroud thickness can be 
tolerated while maintaining the structural integrity for normal operation and postulated 
accident conditions (the worst observed crack indications are an average of about 60% 
of the shroud thickness). Even with only 10% thickness remaining, the AS:ME Code 
safety margins are maintained. 

2. The probability of postulated separation of the top guide assembly from the shroud is 
negligible. A more likely but still improbable scenario would be that the crack grows 
through the shroud and allows some flow to be bypassed from the core to the 
downcomer. Ifit is postulated that the average crack depth is greater than 90% and 
significant leakage flow occurs, it would be detected during normal operation using 
available instrumentation. The operator would initiate a normal shutdown. 

3. In the unlikely occurrence of a design basis accident or seismic condition with 
undetected 360 degree circumferential cracking up to an average of greater than 90% 
of the shroud thickness, but with the top guide assembly still attached to the shroud, 
safe reactor shutdown is achieved and adequate core cooling is available. In the 
unlikely scenario that the shroud mechanical integrity is severely distorted such that 
complete control rod insertion does not occur, current Emergency Operating 
Procedures adequately direct the operator to use the Standby Liquid Control System 
to shut down the reactor, and to maintain other aspects of safe shutdown. 
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3.0 Shroud and Top Guide Functions 

The shroud support and shroud make up a stainless steel cylindrical assembly that provides 
a panition between the core region and the downcomer annulus to separate the upward 
flow of coolant through the core from the downward recirculation flow. The shroud also 
provides (in conjunction with other components) a floodable region following a postulated 
recirculation line break. The shroud is not a primary pressure boundary component. 

The top guide consists of a circular grid plate with square openings secured to the bottom 
of the top guide cylinder. Each opening provides lateral support and guidance for four 
fuel assemblies or, in the case of peripht;:ral fuel, less than four fuel assemblies. 

4.0 Shroud Structural Evaluation 

Crack indications have been observed in various locations of the shroud. The 
circumferential crack indications located in the inside surface of the heat-affected zone for · 
the top gliide support ring horizontal weld are of the most potential significance because 
they appear to extend 360 degrees around the circumference of the shroud. The vertical 
welds in the top guide support ring are relatively short (on the order of a couple of inches) 
compared to the length of the horizontal weld and therefore are not of concern. 

4.1 Characteristics of the Crack Indications 

While the extent of the crack indications that have been reported at the BWR/4 
plant is significant, there remains sufficient structural strength in the components to 
meet their intended function. Testing demonstrates that the shroud and support 
ring are made of ductile material with high toughness properties even after 
accounting for any effects due to neutron fluence. The applied loading on the 
shroud is mainly from the differential pressure during nonnal operation and the 
transient differential pressure increase due to design basis accident loading and · 
design basis seismic loads. The applied load during nonnal, high power (>- 80%) 
operation is in the upward direction. The accident and seismic loads are generally 
small relative to the Code allowable loads and well within the remaining structural 
integrity of the shroud. 

The combination of high ductility and low applied stresses makes the shroud 
extremely flaw tolerant. In fact, it can be shown that through-wall cracking of 
over 50% of the shroud circumference can be tolerated while maintaining normal 
ASME Code allowable design safety factors. Typical allowable flaw sizes range 
from 7 5 - 110 inches for each 90 degree sector of the shroud (the length of a 90 
degree sector is plant-specific but typically about 150 inches). If 360 degree 
circumferential cracking is postulated, an allowable flaw size of up to an average 
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of 90% of the thickness can be tolerated with sufficient remaining industry
accepted Code margins. Even ifthe crack depth is greater than 90% of the shroud 
thickness (up to the "critical flaw size", with no additional safety factor), the full 
design basis and seismic loads can be accommodated. 

4.2 Potential for Further Structural Degradation 

Even if relatively deep cracks occur, it is important to consider the nonuniformity 
of the crack growth around the circumference. Because of differences in 
sensitization, fluence, cold work and weld residual stresses around the 
circumference, uniform crack growth at different crack locations is not expected. 
This means that any further crack growth will not be uniform and the growth rate 
will be higher at some locations than others. Even if the growth continues until it 
is through-wall, this would only occur at selected locations (similar to the leak 
before break scenario in piping). Under the core internal pressure load, this would 
lead to a crack opening and leakage from the core. Leakage due to significant 
cracking will relieve the differential pressure loading and retard the subsequent 
crack growth rate. While the exact amount of leakage is difficult to predict, the 
fact remains that if leakage occurs (especially when the remaining ligament is 
small) it will eventually lead to detection as described in Section 5.0 . 

In summary, the low stresses and high material ductility make postulation of a 360 
degree crack leading to separation of the top guide assembly from the shroud 
extremely unrealistic. 

Normal Operation 

As discussed in the preceding section. the postulated separation of the top guide assembly 
from the shroud is an extremely low probability event. A more likely but still improbable 
scenario would be for the crack to create some flow from the core region to the 
downcomer. 

If separation of the top guide and shroud assembly did occur during normal operation, the 
upward displacement of the top guide and shroud assembly would be less than a few 
inches, and the core assembly and fuel bundle orientation would be held intact. Moreover, 
flow through the resulting gap would be detected during normal operation by the reactor 
operator using available instrumentation for monitoring reactor performance, as described 
below. 

If the crack and leakage occurred on one side of the shroud only, the indications would be 
asymmetrical which would facilitate detection. The process computer calculations of 
power/flow operating conditions would not match expected conditions. Additionally, for 
example, differences will develop in the relationships between recirculation drive flow to 
core flow and in power level relative to the core flow. If the leakage flow is large enough, 
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those plants With recirculation loop cavitation monitoring instruments will indicate low 
subcooling of recirculation loop fluid, while all plants should indicate higher than normal 
recirculation loop temperature(s). 

After detecting such an anomaly, a normal shutdown would be initiated until the cause of 
the anomaly is found and corrected. 

Analogous situations have previously been observed in BWRs. In 1984, a plant began 
startup with shroud head bolts improperly engaged, resulting in bypass flow paths similar 
to those that would result from through-wall cracking of the shroud. A similar situation 
also occurred at a different plant in 1991. In both cases, anomalies such as those 
described above were detected and the operators shut the plant down. 

6.0 Anticipated Operational Events Related to Increased Shroud Head Pressure 
Loads 

The previous sections demonstrate that postulated cracks that grow ihrough the shroud 
wall or c~use complete separation of the top guide from the shroud are improbable, but 
sh<;>Uld either occur it would be detectable during normal operation. Assuming there are 
no indications of shroud leakage, this section discusses anticipated operational 
occurrences that could increase shroud loads above those experienced during normal 
operation: pressure regulator failure - open, recirculation flow control failure - increasing 
to maximum flow, and inadvertent actuation of the Automatic Depressurization System 
(ADS). 

6.1 Pressure Regulator Failure - Open 

This postulated Safety Analysis Report (SAR) event involves a failure in the 
pressure controls such that the turbine control valves and the turbine bypass valves 
are opened as far as the maximum combined steam flow limit allows. For units 
with standard bypass capacity (about 25% of rated steam flow), the worst case 
involves inadvertently increasing the steam flow to about 130% of rated. This is 
also true for units with larger bypass capacity if the steam flow limit is set at 13 0% 
or less. A depressurization and cooldown occurs which is isolated by Main 
Steamline Isolation Valve (MSIV) closure. This steam flow increase is small 
enough that the increased force on the shroud head (about 50% above the normal 
pressure drop) is within the load capability of the shroud as discussed in Section 
4.0. 

6.2 Recirculation Flow Control Failure 

This postulated event involves a recirculation control failure that causes all 
recirculation loops to increase to maximum flow. In this type of case, the pressure 
drop could change from a part-load condition to the high/maximum flow condition 
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over a time period of about 30 seconds, but it should not significantly exceed the 
pressure drop expected for normal full power, high core flow operating conditions. 
Nonnal operating procedures are considered sufficient to minimize the 
consequences of this potential transient, and the force on the shroud head is within 
the shroud capability as discussed in Section 4.0. 

6.3 Inadvertent Actuation of ADS 

Inadvertent actuation of the ADS valves is another postulated event that could put 
an increased load on the upper shroud. The maximum steam flow and the 
depressurization rate are significantly smaller than for the postulated main 
steamline break, causing a short-term increase in steam flow of about 500/o of rated 
steam flow (plant dependent). The increase in the shroud M> resulting from the 
opening of the ADS valves would occur over a period of about one second, 
spreading the effect of the change in load. This is also a very low probability 
event; it is considered to be in the ASME Emergency category in the vessel 
thermal duty design. The effect of this event is also within the shroud capability as 
discussed in Section 4.0 . 

Design Basis Accidents 

Sections 4.0 and 5.0 demonstrate that cracks that might grow through the shroud wall or 
cause complete separation of the top guide from the shroud are highly improbable, but 
should either occur it would be detectable during normal operation. Although the 
combined probability of an accident occurring when a severe (3 60 degree circumferential 
crack of uniform depth greater than 90% of the shroud thickness) undetected crack exists 
is thus very low, such a postulated event is addressed in this section. 

The Main Steamline Break Accident imposes the largest potential lifting loads on the 
shroud head. Liquid breaks (e.g., recirculation line breaks) do not impose large pressure 
drops on the shroud head, and in fact the shroud pressure drop decreases from its initial 
value. 

7.1 Main Steamline Break 

The main steamline break inside primary containment is the postulated worst case 
because it results in the largest depressurization rate. During this SAR event, the 
reactor is rapidly depressurized as a result of a postulated instantaneous, double
ended break of the largest steamline. Thus a larger than normal pressure difference 
could develop across the shroud as fluid flow is drawn from the core region 
toward the break. If a sufficient M> is developed across the top guide support ring 
weld (H3) area, and sufficient cracking exists, it is postulated that this added 
differential pressure might cause separation of the shroud leading to an upward 
displacement of this structure and the associated top guide. The amount of lifting 
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and the potential effect of these postulated occurrences on emergency operation 
are described below. 

One of the key considerations of this postulated accident case is the ability of the 
control rods to insert before or during the postulated accident. Specifically, 
sufficient lifting of the top guide prior to control rod insertion could cause 
reorientation of the fuel bundles and thus the potential to impede the insertion of 
control rods. 

The shroud head pressure drop characteristics calculated for the instantaneous, 
double-ended steamline break accident were evaluated for a typical BWR. The 
initial shroud head pressure drop loading is a result of the depressurization of the 
steam dome region which reduces system pressure overall, but which increases 
differential pressure across the shroud in the short term. This pressure loading 
increase is short-lived (less than two seconds) and decreases to below normal 
steady state loads. Even ifthe remaining shroud ligament is enough so that 
significant cracking is undetected, but the ligament is less than an average of 10% 
(see Section 4.2), the structural integrity of the shroud will remain intact for this 
postulated limiting event plus seismic loads. Ifit is even further postulated that the · 
initial load pulse causes the shroud to separate, the last part of the pressure loading 
could cause the top guide assembly to lift. The flow path created by any 
separation reduces the upward lifting forces. For this postulated scenario the top 
guide assembly would remain engaged with the fuel channels. 

Scram is initiated during the main steamline break (irlside containment) accident by 
the high drywell pressure trip signal. Drywell pressure exceeds the setpoint almost 
instantaneously, so the only delays in the rod insertion come from the sensors, the 
Reactor Protection System, and rod motion. For the main steamline break 
accident outside containment, shroud loads are reduced, MSIV closure is initiated 
by high steam flow, and scram is initiated from the MSIV closure. 

For either postulated steamline break scenario, the insertion of all control rods will 
occur. Even ifthe first loading pulse causes the upper shroud assembly to break 
free, control rod motion will be started before the upper shroud assembly and top 
guide lift significantly. It is likely that the top guide will remain engaged with the 
tops of the fuel bundles. Any control rods that are partially inserted as part of 
normal operation are already in position to initiate shutdown. Insertion of fully 
withdrawn control rods to 5% of full stroke will occur by 0.9 second, early enough 
for the control rods to be moving up between the bundles before any significant 
lifting of the top guide could take place. The remainder--of the insertion will occur 
because the fuel will remain properly oriented. Reactor shutdown would thus be 
complete with all drives inserted. 
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In the very unlikely case that scram may not be complete, the Standby Liquid 
Control System is available to provide shutdown capability, as discussed in Section 
8.0. 

Movement of the upper shroud assembly (in the very unlikely case that it occurs) 
could affect the core spray system if it impacts the core spray line connections. If 
this were to occur, core spray flow sufficient to provide long term cooling would 
still be expected. Any one Emergency Core Cooling System (ECCS) pump is 
sufficient to provide adequate makeup and maintain reactor water level. 

The main steamline break has also been evaluated for radiological release 
consequences in the SAR. For a main steamline break inside of containment, the 
radiological consequences are bounded by the recirculation line break Loss of 
Coolant Accident. For the main stearnline break outside of containment, the 
magnitude of the pressure loads that potentially could lead to separation of the 
upper shroud are less than that for breaks inside the containment, due to 
attenuation of the depressurization wave along the steamline. Therefore, 
separation and disengagement of the fuel from the top guide_is even more unlikely. 
N~vertheless, if it is further postulated that the top guide assembly is lifted and 
then is repositioned on the fuel assemblies, there is a potential to mechanically 
damage some of the fuel cladding leading to some fission product release within 
the core. However, assuming closure of the MSIVs within the time permitted by 
Technical Specifications (typically three to five seconds), this scenario results in 
MSIV closure before a potential release outside containment from such an 
improbable scenario could occur. The radiological consequences of this very 
conservative main steamline break scenario are thus still bounded by the plant SAR 
results. 

7.2 · Recirculation Line Break 

For the design basis recirculation line break, the differential pressure across the 
upper shroud decreases from the initial value as the reactor depressurizes, upward 
forces are reduced, and thus there is no significant threat to core shroud integrity. 
With the shroud integrity maintained, a fl.oodable core region is also preserved. 
Therefore, the recirculation line break analysis results are unchanged. 

8.0 Opentor Actions 

The Emergency Procedure Guidelines (EPGs) are the basis for plant specific Emergency 
Operating Procedures (EOPs). The EPGs are symptomatic in that they respond to 
detected symptoms and do not require diagnosis of the event by the operator. They 
address a very wide range of events, both less severe and more severe than the design 
basis accidents. 
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The worst postulated event discussed above could result in separation and potential 
disengagement of the top guide from the fuel channels, which is further postulated to 
prevent a full scram. This event (a large steamline break with failure to completely insert 
the control rods) is beyond the design basis of the plant. Nonetheless, it is adequately 
addressed by EOPs. 

The EPGs provide instructions for reactor pressure, water level, and power control, as 
well as control of key primary containment parameters. Actions specified in the EPGs for 
reactor power control are to (1) insert control rods using a variety of methods, and (2) 
initiate the Standby Liquid Control System (SLCS) before pool temperature increases to 
the allowable value (typically 110 °F). The-postulated event would clearly lead to SLCS 
injection within a very few minutes, resulting in safe shutdown. EPG instructions are for 
water level to be controlled below the high water level setpoint; thus, there would not be 
dilution of the liquid boron by flooding to the steamline elevation or loss of vessel 
inventory out the break. 

Water level would be controlled after the postulated event because the break is high in the 
vessel and a large complement of water injection systems would be available. Separation 
of the stu:oud above the top of the fuel channels would not prevent maintaining the core in . 
a flooded condition. 

Even if the core spray delivery system were damaged by the shroud or top guide 
displacement, some core spray flow would be expected. Any one ECCS pump would be 
sufficient to provide adequate makeup. For some plants, SLCS injection occurs through 
the High Pressure Core Spray system. For these plants, boron injection would still occur 
through the spray flow even if the system flow path was changed by the shroud or top 
guide displacement. 
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Dresden 3 Prepared by: 8. J. Branlund 4/29/94 

Calculation of Stress in the Core= s:ray ~is. er. Pipe Due to a lift Min the Shroud 

. 2R"t~:a= < j~:~ :~ ~. t.14-11 b, du_ 
2R sin(theta)= 69.5 in CS' ffiJ, ~_ej'" 

theta/sin(theta)= 1.022 (to fJ. ,t..f61" ~ :i_, '9tl- 1
') 

R theta theta/sin(theta) 2R*theta 2R sin(theta) 
>< 99A· :\().~~?i 1.022 71.0 69.5 

delta = R(1-cos(theta))= 6.3 in 

for 6"SCH 40S 
per Reference 1 

for 304 SS @ 70°F 

pipe ID= 
pipe t = 
pipe OD= 
I= Inertia 
E= 
I= 
a= 112 = 

>· .. s."d6Sin 
··< 0.280in 

6.625 in 
450.27 in"4 

.2.58E+Ot• psi 
·· ·71.0in 

35.5 in 

Pipe Dimensions from Mark's Handbook, 
8th Edition, Page 8-158 

Moment of Inertia = pi/4 (Ro"4-Ri"4) 
89 ASME Code 
Reference 1 - shorter length is conseryative 

W = delta*3El(l+2a)"21(-2(1-a)"2*a"3) = -3.9E+07 lbs Equation from Roark's, 6th Edition, 
Page 101, Reference no. 1 d. 

M =2Wa"211"3 = -275,049 in-lb 

Stress = Mc/I = -2,023 psi 

Reference 1: GE Drawing# 919D906, Rev. 3, "Core Spray Line, Purchase Part," 
GE - APED, San Jose, CA. 
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Dresden 3 Prepared by: B. J. Branlund 4/29/94 

Calculation of Stress in the Core Spray Riser Pipe Due to a lift ~in the Shroud 
Q. /( '--I -

Lift = ··. ··· ·• 3:0 in -t /c /../4- ~ . eM.L 
2R*theta= 71.0.in C-5 _,f,Jut., ~cb,.i 

2R sin(theta)= sa.o in Lenght - lift (.To -/aR L/J~ d 1- (,II//11 

theta/sin(theta)= 1.044 7!' -o fr 

R theta theta/sin(theta) 2R*theta 2R sin(theta) 
. ·10;~;... 0~505< 1.044 11.0 sa.o 

delta= R(1-cos(theta))= 8.8 in 

for 6"SCH 40S 
per Reference 1 

for 304 SS @ 70°F 

pipe ID= '<•·~t065in 
pipe t = < Q.2ao: in 
pipe OD = 6.625 in 
I = Inertia 450.27 in"4 

~ = = ~":.7~~;1~~.fnsi 
a = 112 = 35.5 in 

Pipe Dimensions from Mark's Handbook, 
8th Edition, Page 8-158 

Moment of Inertia = pi/4 (Ro"4-Ri"4) 
'89 ASME Code 
Ref ere nee 1 - shorter length is conseryative 

W = delta*3El(l+2a)"21(-2(1-a)"2*a"3) = -5.5E+07 lbs Equation from Roark's, 6th Edition, 
Page 101, Reference no. 1d. 

M =2Wa"211"3 = -385, 118 in-lb 

Stress = Mc/I = -2,833 psi 

Reference 1: GE Drawing# 919D906, Rev. 3, "Core Spray Line, Purchase Part," 
GE - APED, San Jose, CA. 
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April 30, 1994 

To: H. Choe 

From: E. Y. Gibo 

Subject: Assessment of CRD Scrammability Due to Dresden Shroud Crack 

The following contains my assessment of the CRD scrammability performance in the event of a 
shroud failure. Per your input, the shroud cracks observed at Dresden is at the bottom end (near 
the core plate), the allowable displacement is lc.u 2 inche5 and no lifting occurs during the 
LOCA events. 

Discussion 

The significant shroud cracks observed at Dresden have been at the at the lower end. in the 
vicinity of the core plate. Analysis indicatcS that a completely circumferential cracked shroud 
would not lift and no vertical or lateral displacement is anticipated during a LOCA evenl 
Therefore. the proper CRD driveline alignment would be maintained and the scram performance 
would not be degraded 

During a seismic event, a completely circumferential cracked shroud may lilt Since the lower 
end of the shroud is ill close proximicy of the jct pwnp diffusers, tbc allowable lateral 
displacement is limiced. Since the core plate is attached to the RPV support cylinder, the fuel 
supports are maintained in their proper aligrun.cnc .. Normal CRD drivclinc alignment f'rom the 
bottom end of the fuel bundles to CRD 1lange will be maintained and no bindini within the CRD 
mechanisms is anticipated during a scram. However, during a seismic event, the severed shroud 
assembly may tilt. If the shroud assembly assumes the tilting mode within the confines of the 
lateral displacement. it is likely that it will be only momentary before the shroud upripts itself. 
V{ith the subsequent random displacement, tbe CRD drivelin.e alignment in the core region 
would undergo periods of misalignment. Hence, the CRD scram speed would assume an 
oscillatory velocity profile, such as typically anticipated during seismic events. Minimal scram 
performance degradation is eA1Jccted under most siesmic events. Under the worst case condition, 
the control rods is likely to fully insert in less than 7 seconds and reactor shutdown would thus 
be completed . 
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Justification for continued operation of Dresden-2 

1.0 Introduction 

Recent inspections at Dresden-3 have revealed 360° cracking 

in the.H-6A region of the core shroud. Dresden-3 will require a 

full structural repair prior to restart. The concern now is for 

similar cracking of Dresden-J's sister plant, Dresden-2, i.e., 

should Dresden-2 be prematurely shutdown prior to the next 

scheduled outage for an inspection of this same location. As will 

be documented below, a premature shutdown of Dresden-2 is not 

technically warranted. 

2.0 Justification for Continued Operation 

2.1 Electrochemical Potential 

It is well documented that the BWR oxidizing environment is 

more than sufficient to provide the electrochemical driving force 

for intergranular stress corrosion cracking (IGSCC) of BWR 

structural materials. In the BWR piping, the -200 ppb 

concentration of dissolved oxygen generates an electrochemical 

potential (ECP) for austenitic stainless steel of -+100 mv (SHE). 

The more oxidizing core of the BWR is characterized by an 

austenitic stainless steel ECP of -+250 mV {SHE). Also, the 

conductivity of the BWR coolant is sufficiently high to allow this 

corrosion reaction to occur. 

Over a decade of laboratory and in-reactor investigations 

have revealed that lowering the ECP of sensitized stainless steel 

to <-230 mV(SHE) by injecting hydrogen gas into the BWR feedwater 

and reducing coolant conductivity to <0.3 µs/cm by better BWR 

water chemistry operational practices would.mitigate IGSCC of BWR 
- - - :... .. ;•_ 

piping (1). For irradiation stress corrosion cracking (IASCC) of 

non-thermally sensitized stainless steel, the threshold ECP is 

--140 mV(SHE) (2). Since this process, hydrogen water chemistry 
(HWC), reduces the "corrosiveness" of the entire BWR coolant, it 
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is considered a "blanket" IGSCC mitigation technique. The results 
of extensive testing have clearly demonstrated that HWC mitigates 
environmental cracking in numerous BWR structural materials and 
has no insuperable materials deleterious effects (1). 

Dresden-2 was the first domestic BWR to operate on HWC and 

has continuously operated on HWC since the middle of 1983. 

Dresden-3 is a non-HWC BWR. Although the level of hydrogen 

injected into Dresden-2 ranges from 1.0 to 1.5 ppm (cycles 9 - 14) 

at -90% availability (3) is not sufficiently high to completely 

protect reactor internals from IGSCC or IASCC, it still 

significantly retards crack propagation. For example, based on 

ECP measurements at Quad Cities-2 (4), the ECP of the H-6A 

stainless steel shroud location at Dresden-2 is estimated to be 

--100 mV(SHE) while at the non-HWC Dresden-3 the stainless steel· 

at the same location is estimated to be characterized by an ECP of 

-+150 mV(SHE) (4). Assuming identical water qualities of~ __ l 

µS/cm conductivity, degrees of weld sensitization of 15 C/cm2 (no 

effects of irradiation) and a stress intensity of 20 ksi/in (no 

effects of irradiation) for H-6A, this estimated 250 mV difference 

in stainless steel ECP results in a factor of -32 (l.24E-5 vs. 

3.92E-7 in/h [108 vs 3 mpy]) decrease in crack growth rate as 

calculated by the GE·PLEDGE IGSCC model (5). Therefore, all other 

factors beinq equal, any H-6A crack at Dresden-2 would be 

propagating -32 times slower than any H-6A crack at Dresden-3 and 

thus would be significantly shallower even though Dresden-2 has 

been operating slightly longer than Dresden-3 (April 1970 vs. July 

1971). 

2.2 Conductivity 

An example of the effects of conductivity (sulfate) on crack 

initiation in uncreviced material is presented in Figure 1 (6-9). 

It is clear that an increase in sulfate/conductivity results in an 
acceleration in crack initiation as measured by the constant 

extension rate test {CERT). A specific example of an acceleration 

in crack propagation rate (creviced) with sulfate is shown in 

Figure 2. Figure 2 displays June 1986 Peach Bottom 3 on-line 
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crack monitoring data for sensitized Type 304 stainless steel. 

The results clearly illustrate the change in crack growth observed 
after two closely linked water chemistry transients of 4-5 µS/cm, 
i.e., increases in water conductivity due to intrusions of 
demineralizer resin material (10). This figure demonstrates the 
dramatic increase in crack growth rate (2X) with conductivity. 

Similar on-line crack monitoring results with sulfate have also 

been documented in the laboratory. Other anions such as chloride, 

carbonate, etc. have similar kinetic effects on IGSCC initiation 

and propagation (11-12). 

This high conductivity crack initiation and propagation 

acceleration factor is consistent with the relatively high 

incidence of IGSCC in creviced Alloy 600 shroud head bolts and 

access hole covers. Additional documentation on the strong 

correlation of IGSCC susceptibility with actual BWR plant water 

chemistry history for creviced BWR components has been published 

( 13) . 

Based on available data, over the first five cycles of operation 

Dresden-2 (actually cycles 3 through 7, no information for the 

first two cycles) and Dresden-3 (cycles 1 through 5) have an 

average mean conductivity of 0.299 and 0.399 µS/cm, respectively, 

i.e., Dresden-J's initial average cycle mean conductivity is 0.1 

µS/cm higher than Dresden-2's. The average cycle mean 

conductivity for Dresden-2 (cycles 3 through 14) and Dresden-3 

(cycles 1 through 13) are 0.195 and 0.270 µS/cm, respectively. 

This conductivity comparison clearly suggests that even if no 

credit is taken for Dresden-2's lower ECP, Dresden-2's lower 

average mean conductivity would result in a lower crack 

propagation rate. At a non-HWC environment of -+150 mV(SHE), a GE 

PLEDGE model calculation shows a decrease in crack propagation 
rate of -1.8 (3.59E-5 vs. 2.04E-5 in/h [314 vs 179 mpy]). 

Table 1 presents a summary of BWR water chemistry transients with 

only limited data obtained after 1983. The table reveals that 
although Dresden-2 has more documented transients than Dresden-3, 

all of the Dresden transients are relatively minor and are not 
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expected to alter the relative any of the above evaluations. 

2.3 Hydrogen water Chemistry 

Finally, the synergistic effect of conductivity and ECP (HWC) on 
Dresden-2 and Dresden-3 crack propagation will be compared using 
the GE PLEDGE model. Figure 3 presents a schematic estimation of 

Dresden-2 and Dresden-3 crack growth rates as a function of 

conductivity using PLEDGE. Crack growth rates based on actual 

conductivity averages for the first five cycles as discussed in 

Section 2.2 were compared to those averages for the last five 

cycles (O.l µS/cm model limit). The ECPs were graphically 

estimated between o and 100 mV(SHE). As noted in Figure 3, a 

synergistic factor of approximately 32x decrease in crack growth· 

rate is obtained with the unit's decrease in ECP. 

3.0 Summary 

The above discussion clearly indicates that although the Dresden 2 

HWC coolant does not mitigate IGSCC and IASCC of its reactor 

internals, its long term significantly lower ECP values retard 

~rack propagation by an estimated factor of approximately 30. 

This lower ECP effect suggests that any defect in the Dresden-2 

H-6A weld would be propagating slowly (-3 mpy) and would be 

significantly shallower as compared to the defects identified in 

Dresden 3. Dresden-2's H-6A shallow defects and slow growth 

allows continued operation to the next outage. 
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RANK PLANT 

SEVERE TRANSIENTS IN BWRS 
MAX pH, MAX MAX 

COND. min/ Cl, S04, POWER DATE 
US/cm max ppb ppb LEVEL yr-mo-d 

04/29/94 
DATA 

COMMENTS REFERENCE PT 
=== ============= ====== ===== ====== ====== ===== ======= ================================================== ==============· ==== 

1 AH 
2 AG 
3 AG 
4 AL 
S ND 
6 AG 
7 N 
8 AB 
9 N 

10 AC 
11 ND 
12 B 

13 B 
14 J 

1S ND 
16 w 
17 AG 
18 IC 

., T 

·"' AB 
24 AB 
2S T 
26 Q 

27 0 
28 T 
29 Q 

30 AB 
31 B 

32 AG 
33 AG 
34 Q 

3S DRESDEN 2 
36 B 

37 B 
38 B 
39 c 
40 c 
41 IC 

42 0 

43 AA 

44 B 
B 

DRESDEN 2 
0 

182.0 10.6 12000 10000 p 

9S.O 4.S 100 p 

88.0 p 

84.0 3.2 14SOO p 

72.0 S60 p 

70.0 4.6 
S4.0 3.8 
40.S 3.9 
33.0 4.0 
30.0 
28.S 

198 

2S.6 4. 1 so 
2S.O 2SOO 
23.6 
23.0 3000 
23.0 30 
22.0 
21.0 4.6 2SOO 
20.0 4.S 
17.0 
14.0 
13.8 4.7 100 
13.S 
13.0 
12. 1 
12.0 
12.0 4.8 
11.8 
11.S 4.8 
11.3 4.7 
10.8 4.S 
10.6 4.S 
10.0 
10.0 
9.2 7.4 
8.2 4.3 
8.0 s.o 
7.S 
7. 1 
6.S 
6.2 4.8 
S.8 4.S 
S.6 
S.4 4.7 
S.1 
S.1 
S.1 4.8 

100 

50 

60 

so 
100 

S7 
so 

soo 

100 

20 
so 

so 

68 
so 

p 

p 

p 

p 

p 

p 

p 

p 
p 

p 

p 

p 

p 

p 
p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 
p 

p 

p 
p 

p 

p 

p 

p 
p 

p 

p 

p 

p 

p 

p 
p 

p 

93122S TURBINE BLADE THROUGH CONDENSER, CIRC INTRUSION 
780307 COND DEMIN RESIN BLEEDTHROUGH 
800802 CONDENSATE DEMIN RESIN INTRUSION 
720901 CONDENSER LEAK, DEMIN DEPLETED 
660820 
771116 CRUD & CONDENSATE DEMIN RESIN INTRUSION 
740804 RESIN BEAD INTRUSION * 

BAM QC 6956167 100 
PC&RT 82LDA01 35 
EPRI NP 4134 46 

PC&RT 82LDA01 6 
Pc&RT 82LDA01 
PC&RT 82LDA01 30 
NEDE 13405 13 

740608 AIR/AIR RESIN MIXTURE INJECTED INTO Rx FROM RWCU Pc&RT 82LDA01 11 
740426 RESIN BEAD INTRUSION * NEDE 13405 10 
710903 HIGH CONDUCTIVITY WATER IN CST 
661130 
770601 RESIN INTRUSION 
810412 CONDENSER LEAK 

PC&RT 82LDA01 3 
Pc&RT 82LDA01 2 
PC&RT 82LDA01 28 
PMET 81-688-45 52 

80020S POSSIBLE CONDENSATE DEMIN RESIN INTRUSION EPRI NP 4134 80 
790407 LEAKAGE OF COOLING WATER INTO RPV VIA CORE SPRAY PC&RT 82LDA01 42 
730406 AIR INJECTED INTO Rx FROM RWCU 
771212 COND DEMIN RESIN INTRUSION 
820428 TRICHLOROETHANE VIA CST FROM RADWASTE VIA DRAIN 
821004 POSSIBLE CONDENSATE DEMIN RESIN INTRUSION 
801001 CONDENSER TUBE LEAKS 
75060S RWCU OUT OF SERVICE 

PC&RT 82LDA01 
PC&RT 82LDA01 
PC&RT 82LDA01 
EPRI NP 4134 
PC&RT 82LDA01 
PC&RT 82LDA01 

781110 ORGANIC INTRUSION VIA CONDENSATE, DECON DETER/OILS PC&RT 82LDA01 
740925 HIGH COND WATER PC&RT 82LDA01 

7 

32 
53 
94 
49 
20 
39 
14 

800428 UNKNOWN (LONG SHUTDOWN) 
78022S RWCU RESIN INTRUSION 
750702 CONDENSER TUBE LEAK 
76102~ RWCU RECIN TRAP, RWC:U IN~fRARLE 

800812 ORGANIC INTRUSION 
750127 RWCU RESIN INTRUSION 
830106 POSSIBLE CONDENSATE DEMIN RESIN INTRUSION 
750601 RESIN FROM FLUFFING CONDENSATE DF/D 
730507 RWCU RESIN INTRUSION 
820818 RWCU RESIN INTRUSION 
741208 CONDENSER LEAK 
780211 CONDENSATE DEMIN RESIN INTRUSION 
751210 WASHOUT OF IMPURITIES FROM TURBINE 
790S16 
810411 RWCU RESIN INTRUSION 

EPRI NP 4134 81 . 
PC&RT 82LDA01 34 
PC&RT 82LDA01 21 
PC&RT 82LDA01 2S 
EPRI NP 4134 82 
PC&RT 82LDA01 17 
EPRI NP 4134 95 
PC&RT 82LDA01 19 
PC&RT 82LDA01 8 
EPRI NP 4134 92 
PC&RT 82LDA01 15 
EPRI NP 4134 74 
EPRI NP 4134 63 
PMET 81-688-45 44 
EPRI NP 4134 

811010 DECOMPOSITION OF RADWASTE RESINS DUE TO HOT WATER EPRI NP 4134 
86 
89 

810210 CAUSTIC INTRUSION VIA CONDENSATE STORAGE 
741118 SUSPECTED RESIN INTRUSION 
730812 SUSPECTED RESIN INTRUSION 
700123 RESIN INTRUSION WHEN C/D RETURNED TO SERVICE 
751218 PROBABLE RWCU RESIN INTRUSION 
810220 ORGANIC INTRUSION VIA RADWASTE 
770727-CONDENSATE DEMIN RESIN INTRUSION, ANION RICH 
760806 CONDENSATE DEMIN RESIN INTRUSION 

EPRI NP 4134 84 
EPRI NP 4134 57 
EPRI NP 4134 S4 
JMS QC 930717 98 
EPRI NP 4134 64 
EPRI NP 4134 85 
EPRI NP 4134 70 
EPRI NP 4134 67 



• SEVERE TRANSIENTS IN BWRS 
MAX pH, MAX 04/29/94 

COND.. m;n/ Cl, S04, POWER DATE DATA 
RANK PLANT US/cm max ppb ppb LEVEL yr-mo-d CCMIENTS REFERENCE PT 
=== ============= ====== ===== ====== ====== ===== ======= ================================================== ============== ==== 
48 c 
49 Q 

50 T 
51 Q 

52 IC 

53 c 
54 AL 
55 s 
56 B 
57 DRESDEN 2 
58 B 
59 T 
60 .B 

61 T 
62 T 
63 y 

64 DRESDEN 2 
65 AC 

RESDEN 2 

.w 
71 B 
72 B 
73 AS 
74 DRESDEN 3 
75 B 
76 B 
77 DRESDEN 2 
78 T 
79 B 
80 A 
81 B 
82 T 
83 AL 
84 B 

85 0 
86 F 

87 B 

88 DRESDEN 2 
89 AS 
90 Q 

91 AX 

B 

AY 

5.0 
4.9 4.9 
4.5 5.0 
4.3 4.9 
4.1 5.1 
3.3 5.2 
3.3 5.4 
3.2 4.7 
3.2 
3.0 5.6 
2.9 5.4 
2.8 5.2 
2.7 7.6 
2.3 
2.2 5.S 
1.8 S.4 
1.4 8. 1 
1.4 S.6 
1.4 
1. 1 8.8 
1. 1 s .6 
1.0 
1.0 

100 
so 
so 
48 
80 
38 
so 

49S 

96 
so 
6S 

so 
3SS 
38 
83 

72 
30 

641.0 
423.0 
140.0 

S40 
1200 
72S 
600 

3.S 87000 
3.2 

4S.9 
13.3 

3.8 244 

13.0 
12.9 
12.1 
11.6 
11.2 
11.2 
10.S 
10.S S.6 
10.3 
10.0 
s.o s.s 
4.S S.2 
4.2 S.3 
1.7 
1.0 

1800 

140 

730 
60 

220 
600 

P 750309 POSSIBLE CONDENSATE DEMIN RESIN INTRUSION 
P 760S22 SUSPECTED RESIN INTRUSION 
P 781227 ORGANIC INTRUSION VIA CONDENSATE SYSTEM 
P 760221 SUSPECTED RESIN INTRUSION 
P 74101S RWCU RESIN INTRUSION 
P 750309 POSSIBLE RESIN INTRUSION 
P 770126 IMPROPER RINSE OF CONDENSATE DEMIN 
P 780131 RESIN INTRUSION 
p 81071S RWCU RESIN INTRUSION 
P . 750902 SUSPECTED RESIN INTRUSION 
P 751126 PROBABLE RWCU RESIN INTRUSION 
P 770912 IMPROPER RINSE OF CONDENSATE DEMIN 
p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

750626 RESIN INTRUSION 
800824 ORGANIC INTRUSION 
790108 SUSPECTED ORGANICS IN CONDENSATE STORAGE 
781208 CONDENSATE DEMIN RESIN INTRUSION 
780112 CONDENSATE DEMIN RESIN INTRUSION 
74112S VALVING ERROR DURING RESIN TRANSFER 
750906 SUSPECTED FLOC/FILTER AID/SURFACT FROM RAD WASTE 
780S11 CONDENSATE DEMIN RESIN INTRUSION 
77022S SUSPECTED RESIN INTRUSION 
810622 OIL INTRUSION INTO HOTWELL 
811030 GYLCOL INTRUSION VIA RADWASTE 
780129 
760708 CONDENSATE SYSTEM MOMENTARILY BYPASSED 
711113 HIGH FEEDWATER CONDUCTIVITY 
7'0103 RWCU OUT OF SERVICi 

EPRI NP 4134 79 

EPRI NP 4134 66 
EPRI NP 4134 77 
EPRI NP 4134 6S 
EPRI NP 4134 . S6 
EPRI NP 4134 S9 
EPRI NP 4134 68 
EPRI NP 4134 73 

EPRI NP 4134 88 
EPRI NP 4134 61 
EPRI NP 4134 62 
EPRI NP 4134 71 
EPRI NP 4134 
EPRI NP 4134 

60 

83 
EPRI NP 4134 78 
EPRI NP 4134 76 
EPRI NP 4134 72 
EPRI NP 4134 S8 
JMS QC 930717 99 

EPRI NP 4134 75 
EPRI NP 4134 
EPRI NP 4134 

69 
87 

EPRI NP 4134 90 
PC&RT 82LDA01 33 
PC&RT 82LDA01 24 
PC&RT 82LDA01 4 
PC&RT 82LDA01 "' s 790426 COOLING WATER INGRESS FROM RHR, RPV H20 TO HOTWELL PC&RT 82LDA01 

16 
43 
12 
22 
26 
23 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

232 s 
s 

740801 ACID INTO RPV FROM DEMIN STORAGE TANK PC&RT 82LDA01 
760519 PC&RT 82LDA01 
761103 TORUS WATER PUMPED INTO RPV PRIOR TO STARTUP PC&RT 82LDA01 
760520 PC&RT 82LDA01 
780801 LEAK IN RHR HEAT EXCHANGER 
770917 RWCU OUT OF SERVICE 
80081S 
730603 RWCU.OUT OF SERVICE 
800822 
801219 
820427 POSSIBLE ORGANIC INTRUSION 
780923 RWCU RESIN INTRUSION 
75040S RWCU OUT OF SERVICE 
720604 DEPLETED RWCU DEMIN 
740829 CONDENSATE DEMIN RESIN INTRUSION 
83050S ORGANIC INTRUSION VIA RADWASTE 

PC&RT 82LDA01 36 
PC&RT 82LDA01 29 
PC&RT 82LDA01 47 
PC&RT 82LDA01 9 
PC&RT 82LDA01 48 

PC&RT 82LDA01 S1 
EPRI NP 4134 91 
EPRI NP 4134 37 
PC&RT 82LDA01 
PC&RT 82LDA01 
EPRI NP 4134 
EPRI NP 4134 

18 

781110 ORGANIC INTRUSION VIA CONDENSATE, DECON DETER/OILS PC&RT 82LDA01 
940423 RESIN INTRUSION DURING RESTART 

s 
SS 
97 
38 

820900 GYLCOL INTRUSION VIA RADWASTE EPRI NP 4134 93 

----- - -------



• SEVERE TRANSIENTS IN BWRS 

MAX pH, MAX MAX 04/29/94 

COND. min/ Cl, SOI+, POl.IER DATE DATA 

RANK PLANT uS/cm max ppb ppb LEVEL yr·mo-d COMMENTS REFERENCE PT 

=== ============= ====== ===== ====== ====== ===== ======= ================================================== ============== ==== 
95 B BOO s 771206 RWCU OUT OF SERVICE Pc&RT 82LDA01 31 

96 AC 683 s 770309 Pc&RT 82LDA01 27 

97 T 1200 s 790316 CONDENSER LEAK, CONDENSATE DEPLETED, Cl INTO CST Pc&RT 82LDA01 40 

98 F 700 s 800305 PC&RT 82LDA01 45 

99 T 1300 s 790329 CONDENSER LEAK, CONDENSATE BYPASSED, RWCU OUT PC&RT 82LDA01 41 

100 K s 830213 GYLCOL INTO RADWASTE, DETECTED PRIOR TO COND STOR EPRI NP 4134 96 

101 0 500 s 801017 PC&RT 82LDA01 50 

NOTE: BWRS RANKED IN THE FOLLOWING ORDER: 

1. POWER (P) OR SHUTDOWN (S) 
2. CONDUCTIVITY 

OTHER NOTES: * = RESIN BEADS PROVIDE LONG TERM LOW pH 

• 
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Sulfate IGSCC Initiation Acceleration 

Sensitized Type 304 SS 
Acceleration Factor : 5~~~~~~~~~~~~~~~~~~~~~----, 

. 4 

3 

2 

1 

0 ANL \l ABB/EPRI I 

............ e .. 

Conductivity (JJS/cm) 
0.1 0.2 o.3 o., o.6 0.16 i.o 6.o H+ 

10 

0.1 0.16 i.o 6.o Na+ 

100 

Sulfate (ppb) 
1000 10000 

Crack initiation data based on CERT 
S04WCON 
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Response to Water Chemistry Transient 

BWR Resin Intrusion in NWC 

Crack length, mm 
19.1a.-----~~---,--~~~~~~~~~-,-~~----,-~~~~~~--, 

19.14 

19.12 

19.1 

19.08 

Resin 
lntrusiqn 1 
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• j,• 

• : i 
' ·l • 

,. . ! 

.. 
.. 

.. 

! da/dt • 1.09 mm/y 

J· ·.:. da/dt • 0.55 mrrt/y 
~ • ! 

19.06L--~~-'-~~-"-~~~-"---~~-'-~~---'-~~~-'--~~-' 

2100 2200 2300 2400 2500 2600 2700 2800 
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RESNTRAN 
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PLEDGE Model Prediction for Dresden 2/3 
Sensitized Type 304 Crack Growth Rate 

Crack Growth Rate, in/h 

................. -.............................. -....................... ·····-························•"'" ..... . 200 mV 

1.000E-04 
·········-·········· .. 
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·····FOi 
~32 .. 

;..100 mV 

~soo mV 

1.000E-0 7 '-------'------'------'---'------..__ ___ ..__, 
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Conductivity, µSiem 

• 

PLEDGE: 15 C/cm2, 20ksi./in D23GR20C 
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PROPRIETARY INFORMATION NOTICE 

This document contains proprietary information of the General Electric Company 
(GE) and is furnished to Commonwealth Edison Company (CECo) in confidence 
solely for the purpose or purposes stated in the transmittal letter. No other use, 
direct or indirect, of the document or the information it contains is authorized. 
CECo shall not publish or otherwise disclose it or the information to others 
without written consent of GE. 

IMPORTANT NOTICE REGARDING 
CONTENTS OF THIS REPORT 

The only undertakings of the General Electric Company (GE) respecting 
information in this document are contained in the contract between 
Commonwealth Edison Company (CECo) and GE for this work, and nothing 
contained in this document shall be construed as changing the contract. The use 
of this information by anyone other than CECo, or for any purpose other than 
that for which it is intended, is not authorized; and with respect to such 
unauthorized use, GE makes no representation or warranty, and assumes no 
liability as to the completeness, accuracy, or usefulness of the information 
contained in this document, or that its use may not infringe privately owned 
rights. 
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GE-NE-A00-05652-04, Revision 2 (Non Proprietary) 
GE Proprietary Information 

1. Introduction 

Circumferential and axial crack indications have been reported at various 
locations in the core shroud assemblies ofBWRs. GE Services Information Letter 
572, Revision 1 (SIL-572), has been issued to assist utilities in their individual 
evaluation of this situation. SIL -572 recommends that shroud inspection be 
performed at the next scheduled refueling outage. The USNRC issued 
Information Notice 93-79 on this subject. Based on these recommendations, a 
shroud inspection was performed at Quad Cities Unit 1 during the current 
refueling outage. 

The inspection indicated the presence of circumferential cracks in the Quad Cities 
Unit 1 (QCl) core shroud assembly. The concern addressed in this assessment is 
for potentially similar crack indications in the Quad Cities Unit 2 (QC2) core 
shroud because the design of the QC2 reactor internals is identical to that of the 
QCl reactor internals. The visual inspections performed have shown the presence 
of cracks near the H3, H4, H5 and H6 welds for QCl. Because there is not 
adequate inspection data available pertaining to the condition of the welds in the 
shroud of QC2, an engineering evaluation is sought by the Commonwealth Edison 
Company (CECo) to determine if operation ofQC2 can be justified until shroud 
inspection can be done during the next planned outage (Reference 1). The 
region near the H5 weld showed random indications of cracks in all areas 
inspected for QCl. The most severe indications are in the core support ring 
joined to the core shroud near the H5 weld and appear to be 360° circumferential 
cracking. Therefore, UT inspections were done at six locations of the H5 area 
using 60° dual R-L transmitters (Reference 2). The results used in this report are 
based on the current inspections and the following discussion is based on the 
results of the current inspections. If future inspections indicate that potentially 
larger cracks could exist, this assessment will have to be reviewed and amended 
appropriately. 

The preliminary safety assessment for the QC2 core shroud in this report provides 
the engineering rationale for continued plant operation for the remainder of the 
current QC2 fuel cycle. This safety assessment is preliminary in that it should be 
revised when the QC2 core shroud is inspected during the next planned outage 
and an updated safety assessment should be prepared when inspection results for 
QC2 become available. 

This report uses the following approach. The QC2 core shroud structural 
integrity is demonstrated with the assumption that crack indications are essentially 
identical at QCl and QC2. The technical bases for this assumption are provided 
by comparing the plant water chemistry and operating histories between QCl and 
QC2. This report also qualitatively addresses the potential situation during 
normal operation, anticipated operational events, and design basis accidents, if 
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unexpected significant crack growth occurs during plant operation. This 
assessment describes the symptoms and consequences expected if the shroud has 
degraded to the point that-through-waH cracking has occurred in the core support 
ring in the H5 weld area, which was the most extensively cracked area on the QCl 
shroud. A qualitative assessment is provided for other welds on the core shroud. 
Similar crack indications have been found during inspections at the Dresden 3 
plant and a similar assessment was done to support continued operation of the 
Dresden 2 plant until its next planned outage. The approach used in this 
assessment to justify continued operation of QC2 is similar. 

GE Rapid Information Communication Services Information Letter (RICSIL) 068 
has been issued (Reference 3) to assist CECo and other utilities in the on-going 
evaluation of this situation. Previous communications about core shroud crack 
indications have included GE SIL 572 (Reference 4) and US-NRC Information 
Notice 93-79. Reference 4 states that current understanding of the root cause for 
shroud cracks is Intergranular Stress Corrosion Cracking with apparent 
propagation by Irradiation Assisted Stress Corrosion Cracking. 
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2. Summary and Conclusions 

The core shroud/ core support ring cracking associated with the H5 weld at QC2 
does not represent a threat to the safe operation of QC2 for the remainder of the 
present cycle. The cracking is postulated to be similar to that observed for the H5 
weld at QCl, which was the most extensively cracked weld area in QCl. 

1. The combination of high ductility, high toughness and low stresses makes the 
shroud extremely flaw tolerant. Even for this situation with the indications of 
360 degree circumferential cracking, crack depths of 96% (2.88 inches) of the 
available material can be tolerated while maintaining the structural integrity 
for normal operation and postulated design basis accident conditions, 
including ASME Code safety factors. The available material considers the extra 
one inch ofligament provided by the weldment in addition to the two inch 
shroud wall thickness. The weld detail is shown in Figure 1. 

2. The maximum crack depth observed by ultrasonic examinations in QCl is 
approximately 1.24 inches, and is within the allowable crack depth of 2.88 
inches. The postulated cracking in QC2 is equal to that in QCl and the QC2 
core shroud maintains the structural integrity for normal operation and 
anticipated plant transients. 

3. The crack growth rates associated with the H5 weld area for the QCl and QC2 
will be similar. This is based on the similar water chemistry histories and 
average conductivities for both QCl and QC2. Even discounting Hydrogen 
Water Chemistry (HWC) benefits that QCl and QC2 have had since 1990, and 
using the bounding crack growth rate of 5E-5 inch/hr (0.44 inch/year), as 
established in the BWROG Core Shroud Evaluation report for normal water 
chemistry, the crack depth is not expected to exceed the allowable crack depth 
in one year. 

4. The weight of the core shroud above H5 is sufficient to hold the shroud in 
place even if the shroud assembly is postulated to have a 360° through-wall 
crack at the H5 weld, both under normal operating conditions and during 
anticipated plant transients. The shroud would not lift. Since the crack size is 
on the order of mils, any leakage flow through the crack is small and would not 
impact plant operations. 

5 .. An evaluation of the design basis accident coupled with a seismic condition has 
been done with the shroud assembly postulated to have a 360° through-wall 
crack at the H5 weld. The evaluation was done to investigate the possibility of 
shroud movement. For recirculation line breaks, no shroud lifting occurs. 
Adequate long term cooling of the core will be maintained throughout the 
postulated event. For steamline breaks, shroud lifting is limited. Even if the 
shroud lifting causes the core spray line to fail, core spray water is delivered to 
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the reactor vessel and adequate long term cooling of the core will be 
maintained throughout the postulated event. For both the recirculation and 
main steam line break events, safe reactor shutdown capability and long term 
core coolability is maintained. This conclusion is applicable to both QCl and 
QC2 . 
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Figure 1 Shroud Weld Detail 
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3. Shroud Support, Shroud, and Top Guide Functions 

The shroud support, shroud, core support, and top guide make up a stainless steel 
cylindrical assembly that provides lateral support for the core, vertical support for 
peripheral fuel bundles, and a partition between the core region and the 
downcomer annulus to separate the upward flow of coolant through the core from 
the downward recirculation flow. The shroud also provides (in conjunction with 
other components) a floodable region following a postulated recirculaLion line 
break. The shroud is not a primary pressure boundary component. 

The top guide consists of a circular grid plate having square openings, lateral 
support and guidance for fuel assemblies. The core support plate consists of a 
circular plate with openings and provides lateral support for the control rod guide 
tubes. The core support plate also provides vertical support for peripheral fuel 
assemblies. The majority of the fuel rests on fuel support castings that are 
supported by the control rod guide tubes. The fuel support castings are aligned 
by holes in the core support plate. The core support plate rests on the core 
support ring, which is welded to the shroud at the circumferential locations 
identified as H5 and H6 . 

6 



GE-NE-A00-05652-04, Revision 2 (Non Proprietary) 
GE Proprietary Information 

4. Shroud Structural Evaluation 

4.1 Shroud Loading Considerations 

While the extent of the cracking reported at QCl and assumed for QC2 is not 
insignificant, there remains sufficient structural strength in the shroud to meet all 
of its design functions (Reference 5). The shroud is made of ductile material with 
high toughness properties even after accounting for any effects due to neutron 
fluence. The applied loading on the shroud is mainly from the differential 
pressure during normal operation, the transient differential pressure increase due 
to design basis accident loading, design basis seismic loads, and non-symmetric 
acoustic loads during the recirculation suction line break. These loads are 
generally small and well within the remaining structural integrity of the shroud. 

The applied loads during normal operation, anticipated operational events, and 
the recirculation line break accident are in the downward direction. The applied 
load is in the upward direction when the main steam line break accident is 
assumed to occur alone or simultaneously with a safe shutdown earthquake (SSE). 
Reference 6 documents the design pressure drop loads of 8 psi on the upper part 
of the core shroud at normal, rated power conditions and 20 psi during the main 
steam line break accident. 

The combination of high ductility and low applied stresses make the shroud 
extremely flaw tolerant. It has been calculated that 360° circumferential cracking 
of greater than 96% of the 3.0 inch available material can be tolerated while 
maintaining the industry accepted ASME Code allowable safety factors based on 
limit load method for the H5 area (Reference 16). The analysis that determines 
the 96% criterion conservatively ignores the available material of the extra one 
inch ofligament provided by the weldment in addition to the two inch shroud wall 
thickness. The deepest observed cracking indication is 1.24 inches or less than 
42% of the 3.0 inch available material ,at QCl (Reference 2). 

Lateral loads on the core shroud due to an instantaneous break of the 
recirculation suction line and non-symmetric depressurization of the downcomer 
annulus are considered to be unrealistic in that it takes finite time (about 100 
milliseconds) for the break to occur (Section 3.9.5.3.1.2 of the Quad Cities 
UFSAR). The asymmetric load is due to the time it takes for the pressure wave to 
travel from the broken suction line to the unbroken suction line. This duration is 
extremely short (about 5 milliseconds, as shown in Figure 3.9-12 of the Quad 
Cities UFSAR). This acoustic load affects the lower portion of the shroud (near 
H5) rather than the upper shroud (H2 and H3). Three areas that the acoustic 
load could affect are allowable crack length, crack depth, and lateral motion of 
the shroud assembly. Short duration loads of this type do not lead to significant 
deformation and are not included in the analysis of flaw sizes. The pressures due 
to the ·Main Steam line Break exceed those due to the Recirculation Line Break. 
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Thus, from the standpoint of total loads, the steam line break with Safe Shutdown 
Earthquake is limiting. Lateral movement for the Main Steamline Break with SSE 
and the tipping motion of the shroud pivoted on one side of the H5 weld crack 
area during the Recirculation Suction Line Break are estimated to be less than 3/ 4 
inch and the shroud would then return to its vertical position (Reference 19). 

The low stresses and high material ductility under relatively low neutron fluence 
level (3Xl016 n/cm2, Reference 16) make unrealistic the postulation of the 
separation of the core shroud assembly at H5 weld area during the present cycle 
based on the assumptions made and the information provided by CECo 
(References 1 and 2). 

4.2 Water Chemistry Considerations 

The BWR oxidizing environment can provide the electrochemical driving force 
for intergranular stress corrosion cracking (IGSCC) ofBWR structural materials. 
Also, the conductivity of the BWR coolant is sufficiently high to allow this 
corrosion reaction to occur (References 3, 7, and 8). 

The crack growth rate depends on the water chemistry and the conductivity of 
reactor water. Both QCl and QC2 have been operated on Hydrogen Water 
Chemistry (HWC) continuously since the third quarter of 1990. The levels of 
hydrogen injected into both QCl and QC2 have ranged from 1.4 to 1.5 ppm in 
the feedwater line with a corresponding concentration in the reactor vessel of 
approximately 180 ppb (Reference 9). The HWC system was available for 
approximately 57% (for QCl) and 44% (for QC2) of the time the reactor was 
above 20% power. While this duration and availability is not high enough to 
protect reactor internals from IGSCC or IASCC, it could retard crack propagation. 
A comparison of conductivity measurements for QC2 and QCl shows that the 
average conductivities through Cycle 12 for QCl and QC2 are 0.257 µS/cm and 
0.258 µS/cm, respectively (Reference 10). QCl has been operated for one more 
cycle than QC2 with the number of hours of reactor critical being 151,487 hours 
for QCI and 146,195 hours for QC2. Thus, the total hours above 200 F ("hot 
operational hours") are greater for QCl. In view of the similar conductivities and 
water chemistry histories, both QCl and QC2 should have similar susceptibilities 
to IGSCC. 

Based on the information for QCl inspection findings provided by CECo (i.e., the 
deepest crack indication for QCl is 1.2 inches), and conservatively using the 
bounding crack growth rate of 5E-5 inch/hr (0.44 inch/year), as stated in 
Reference 20 for normal water chemistry BWRs, the crack depth would be 1.64 
inches in one year. Since QC2 is scheduled to be inspected in less than one year, 
the calculated crack depth is within the allowable crack depth of 2.7 inches. 
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Normal Operation 

As discussed in the preceding sections, the postulation of significant through-wall 
cracking, leakage, or separation of the core shroud ass~mbly at H5 weld area is 
extremely improbable. The more likely, but still improbable scenario, would be 
for some bypass flow to occur from the core bypass region to the reactor 
downcomer annulus. 

' Even if the postulated cracking or separation were to occur, the weight of the core 
shroud above H5 weld is sufficiently high to hold the core shroud assembly in 
place during all normal operating conditions. The postulated leakage would 
occur through a gap much less than 0.001to0.002 inch. The estimated leakage 
flow is less than 35 gpm, assuming that a 0.002 inch gap exists around the entire 
circumference at 8 psid differential pressure. Leakage flow of this magnitude has 
no consequence on plant operation. It also would not be detectable by the plant 
operator because the leakage flow is small and the leakage temperature at this 
location is the same as the downcorrier temperature . 
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6. Anticipated Operational Events 

The previous sections demonstrate that cracks that grow through the shroud wall 
or cause complete separation of the shroud assembly at H5 area from the lower 
shroud are improbable. This section discusses anticipated operational 
occurrences that could increase shroud loads above those experienced during 
normal operation. The transients associated with such an occurrence are those 
that tend to depressurize the reactor vessel and those that increase core flow. The 
transients evaluated are: Pressure Regulator Failure - open, Recirculation Flow 
Control Failure - Increasing to Maximum Flow, and Inadvertent Actuation of the 
Automatic Depressurization System. The normal operating pressure drop across 
the upper shroud is 8 psid (Reference 6). 

6.1 Pressure Regulator Failure- Open 

This postulated Safety Analysis Report (SAR) event involves a failure in the 
pressure controls such that the turbine control valves and the turbine bypass valves 
are opened as far as the Maximum Combined Flow Limiter (MCFL) allows. For . 
both QCl and QC2, the bypass capacity is 40% of rated steam flow, the worst case 
involves inadvertently increasing the steam flow. The steam flow increase would 
be limited by the Maximum Combined Flow Limiter (MCFL) to 105% (Reference 
17). A depressurization and cooldown occurs, followed by Main Steamline 
Isolation Valve (MSIV) closure. The steam flow increase is small enough that the 
increased force on the shroud head is offset by the weight of the core shroud 
above the H5 weld. Any leakage postulated may occur through a gap much less 
than 0.001 to 0.002 inch. Even if it is assumed that a momentary 20 psid pressure 
differential exists and that a 0.002 inch gap exists around the entire 
circumference, the postulated leakage flow is less than 60 gpm. A realistic flow, 
corresponding to a pressure differential of 10 psid, is less than 40 gpm. Leakage 
flows of this magnitude have no adverse consequences on plant operation. 

6.2 Recirculation Flow Control Failure - Maximum Flow 

This postulated event involves a recirculation control failure that causes both 
recirculation loops to increase to maximum flow. For this event, the pressure 
drop could change from a part-load condition to the high/maximum flow 
condition over a time period of several seconds, but it should not significantly 
exceed the pressure drop expected for normal full power, high core flow 
operating conditions (8 psid). Normal operating procedures are considered 
sufficient to minimize the consequences of this potential transient. 

6.3 Actuation of ADS 
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Inadvertent actuation of the Automatic Depressurization System (ADS) valves is 
another postulated event that could put an increased load on the upper shroud. 
The maximum steam flow and the depressurization rate occur over a period of 
about one second, spreading the effect of the change in load. There is a short
term increase in steam flow to approximately 130% of rated steam flow. The 
increase in the shroud dP resulting from the opening of the ADS valves is not 
expected to cause lifting of the shroud. Furthermore, inadvertent ADS is a very 
low probability event; it is classified in the ASME Emergency category . 
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Design Basis Accidents 

Although the previous sections demonstrate that the probability of the postulated 
separation of the core shroud assembly at H5 weld area is extremely low, an 
accident occurring with a separated core shroud is addressed in this section. 

The Main Steamline Break Accident imposes the largest potential lifting loads on 
the shroud head. Liquid breaks (up to and including the recirculation line break) 
do not impose significant pressure drops on the shroud head. 

7 .1 Main Steamline Break 

The main steamline break inside primary containment is the postulated worst case 
because it results in the largest depressurization rate. During this SAR event, the 
reactor is rapidly depressurized as a result of a postulated instantaneous, double
ended break of the largest steam line. Thus, a larger than normal pressure 
difference could develop across the shroud as fluid flow is drawn from the core 
region toward the break. For QC2, the design basis pressure difference is 20 psid 
for the guillotine break of a main steam line (Reference 6). 

The weight of the core shroud above H5 weld (Reference 5) is not high enough to 
hold the core shroud assembly in place during the main steam line break, and if 
the presence of the shroud ligament is totally neglected, the core shroud could lift 
momentarily by up to 4 inches while the reactor vessel is depressurizing. If the 
main steam line break occurs simultaneously with the safe shutdown earthquake 
(SSE), and 360° complete through-wall crack is postulated, the core shroud could 
lift momentarily by up to 8 inches while the reactor vessel is depressurizing. The 
estimated displacement is less for the OBE than for the SSE and is not discussed 
further. Since the break is in the main steamline, the core is capable of being 
reflooded up to and above two-third core height. 

One of the key considerations of this postulated accident case is the ability of the 
control rods to insert before or during the postulated accident. Specifically, 
sufficient lifting of the top guide prior to control rod insertion could cause 
reorientation of the fuel bundles and thus impede the insertion of control rods. 

The shroud head pressure drop characteristics calculated for the instantaneous, 
double-ended steam line break accident were evaluated generically (Reference 11). 
The conclusions, as described below, are applicable to QC2. The initial shroud 
head pressure drop loading is a result of the decompression wave which reduces 
system pressure overall, but would increase differential pressure across the shroud 
in the short term. The pressure loading increase is short-lived (less than two 
seconds) and decreases to below normal steady state loads. If it is even further 
postulated that the initial load pulse causes the shroud to separate, the last part of 
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the pressure loading could cause the shroud assembly to lift. The flow path 
created by any separation reduces the upward lifting forces. 

Scram is initiated during the main steamline break (inside containment) accident 
by the high drywell pressure trip signal. Drywell pressure exceeds the setpoint 
almost instantaneously, so the only delays in the rod insertion come from the 
sensors, the Reactor Protection System, and rod motion. For the main steamline 
break outside containment, shroud loads are lower, MSI\T closure is initiated by 
high steam flow, and scram is initiated from the MSIV closure. 

For all of the postulated steam line break scenarios, the insertion of all control rods 
will occur. Ev~n if the first loading pulse causes the upper shroud assembly to 
break free, control rod motion will commence before the upper shroud assembly 
and top guide lift significantly. It is likely that the top guide will remain engaged 
with the tops of the fuel bundles. Any control rods that are partially inserted as 
part of the normal operation are already in position to initiate shutdown. 
Insertion of fully withdrawn control rods will occur by 0.9 second to 5% full stroke, 
which is early enough for the control rods to be moving up between the bundles 
bt;:fore any significant lifting of the top guide can take place. The shroud 
assembly, if separated at H5, could shift laterally up to 3/ 4 inch (Reference 19). 
With the random displacement anticipated during seismic events, the CRD 
alignment in the core region would undergo intermittent periods of 
misalignment. Minimal scram performance degradation is expected. Even with 8 
inches oflift during the main steam line break concurrent with the SSE, the fuel 
bundles and the top guide will stay engaged because the height of the top guide is 
approximately 14 inches (Reference 12) and an 8 inch lift retains the fuel bundles 
within the top guide. Friction between the fuel bundles and top guide is not high 
and the fuel bundles will slide against the top guide and stay within it. Control rod 
insertion will occur because the fuel will remain properly oriented. Reactor 
shutdown would thus be complete with all drives inserted. Even under the worst 
scenario discussed above, the control rods would fully insert and reactor shutdown 
would thus be achieved. In the very unlikely case that scram is not completed, the 
SLCS is available to provide shutdown capability. 

Movement of the upper shroud assembly could affect the performance of the core 
spray system if it impacts the core spray line connection. If the lifting of the core 
shroud causes the core spray sparger or the riser to deflect, the coolant flow to the 
core from the core spray spargers could be affected. However, significant margins 
exist in the LOCA analysis results for QCl and QC2 (Reference 13, Table 5-3) 
even if a large deflection, resulting in a condition up to and including the failure 
of the core spray sparger or riser should occur. The core spray crack analysis 
(Reference 14) has shown that the core spray line crack is approximately 120° of 
the piping circumference. The effect of a deflection would tend to open the crack 
and allow water from the core spray system to enter the downcomer and thence to 
the core region. Such a condition would not prevent the entry of core spray 
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system water into the reactor vessel. Therefore, even if the LPCI should fail to 
deliver water to the reactor vessel (Reference 15), the core spray water would be 
available and adequate long-term cooling would be available. 

The main steamline break has also been evaluated for radiologica~ release 
consequences in the SAR. For a main steam line break inside containment, the 
radiological consequences are bounded by the Loss of Coolant Accident. For the 
main steamline break outside containment, the magnitude of the pressure loads 
that potentially could lead to separation of the upper shroud are less than that for 
breaks inside the containment, due to atten~ation of the depressurization wave 
along the steamline. MSIV closure is initiated before any potentially increased 
radiological release outside containment from such a scenario could occur. The 
radiological consequences of this main steamline break scenario are thus still 
bounded by the plant SAR results. 

7 .2 Recirculation Line Break 

For the design basis recirculation line break combined with the SSE, the 
differential pressure across the upper shroud does not increase from the initial 
value as the reactor depressurizes, upward forces are reduced, and thus there is no 
significant threat to core shroud integrity in the vertical direction. The effect of 
lateral loads due to acoustic phenomena does not cause the shroud to move (see 
Section 4). Lateral movement due to tipping motion of the shroud does not 
exceed 3/ 4 inch and the shroud would then return to the vertical position. As 
described in Section 7.1, reactor shutdown would thus be complete with all drives 
inserted. 

With the shroud integrity maintained, a floodable core region is also preserved. 
Even if the entire circumference is postulated to be cracked as done in the 
previous sections, the shroud assembly does not lift. The calculated leakage flow is 
very small compared to the emergency core cooling system flow capacity and there 
is no significant decrease in coolant to the core. Therefore, the recirculation line 
break analysis results are unchanged . 
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8. Emergency Operator Actions 

The Quad Cities-specific Emergency Procedures (QGAs) are symptomatic in that 
they respond to detected symptoms and do not require diagnosis of the event by 
the operator. They address a wide range of events, both less severe and more 
severe than the design basis accidents. 

The worst postulated event discussed above could. result in separation of the 
shroud assembly from the lower shroud. However, this has minimal impact to 
scram performance because no disengagement of the fuel bundles from the top 
guide occurs. Therefore, no further consideration is necessary for the impact of 
this postulated event on the QGAs. 

The QGAs provide instructions for reactor pressure, water level, and power 
control, as well as control of key primary containment parameters. Actions 
specified in the QGAs for reactor power control are to (1) insert control rods 
using a variety of methods, and (2) initiate the Standby Liquid Control System 
(SLCS) before pool temperature increases to the allowable value of 110 F 
(Reference 18). QGA instructions are for water level to be controlled below the 
high water level setpoint; thus there would not be dilution of the liquid boron by 
flooding to the steamline elevation or loss of vessel inventory out the break in case 
SLCS injection were to occur. 

Water level would be controlled after the postulated event because the most 
challenging break is high in the vessel and water injection systems would be 
available to provide core cooling . 
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.1. " 
PATE OL OPERATIHO PLANT ( s PAGE 

SECTION N POCUMENT • NEDE-21398 Rt. .. 

1 2 3 4 5 6 7 8 9 10 
TURBINE TURBINE STEAM STEAM STEAM RTD SEC NO OF PRIMARY BACKUP OOHE 

ITEH PLANT PROJ MFG BY-PASS FLOW AT FLOW AT FLOW AT STEAM PRESS PRESS PRESS PRESS 
NO. IDENTITY CODE CAPAC TY WARRNTD T-G RTO T-G DSN FLOW REG REG REG AT RTD 

on lMLBIH> lMLBIH> lMLBIH) lHLBIH> TYPE TYPE CPSIG> 

1 DRESDEN 1 EBI BE 100• I .405 I. 57 I .405 1. 35 HPR HPR 1000 
2 HUHBOLDT BAY 3 ED1 OE 100• 0.59 0.59 NIA HPR HPR 1135 
3 GARIGLIANO AB1 ANSALPO 128 1. 544 I. 544 D 1. 544 0.476 HPR HPR 972 D 
4 BIB ROCK POINT EJ1 GE 100• 0.606 0.945 0.606 0 HPR MPR. 1350 
a KRB-A ADI AEG s 100• s 2.25 s 2.25 s 2.25 s 0.99 3 s ASKANIA s ASKANIA s 1000 s 

8 TARAPUR 1 BE1 BE 100• 1. 9 I. 9 1. 9 0.792 3 s EPR HPR 1000 
7 TARAPUR 2 BE2 GE 100• 1. 9 1. 9 1. 9 0.792 3 s EPR MPR 1000 D 
8 OODEWAARDE AE1 STORK s 100• 0.1512 s 0.512 s 0.64 s N/A 3 s ASKANIA s ASKANIA s 1020 s 
9 NINE HILE :POINT EAi GE s 40 s 6.0 s 7.0 7.3 s N/A s 2 s EPR s HPR s 1030 D 
10 OYSTER CRt:;EK 1 EN1 GE 4a a.9 6.9 7.3 N/A 2 EPR HPR 1020 D 

11 DRESDEN 2' EB2 GE 40 8.6 D 9.3 9.8 NIA 2 EHC EHC 1000 D 
12 DRESDEN 3 EB3 GE "40 8.6 D 9.3 8.8 N/A 2 EHC EHC 1000 D 
13 HI LLSTONE . 1 EHi GE 100• 6.74 D 7.6 D 8.0 D NIA 2 s EPR HPR 1035 D 
14 TSURUBA BK1 15 "3.8 4.3 0 4.3 D N/A 2 EPR HPR 1000 D 
1U NUCLENOR BHI GE s 15 4.7 5.5 5.5 N/A 2 s EPR HPR 1000 D 

18 MONTICELLO EK1 BE 15 5.9 6.4 6.8 N/A 2 EPR HPR 1008 D 
17 QUAD CITIES 1 EE1 BE 40 8.6 9.3 8.8 N/A 2 s EHC EHC 10()5 D 
18 QUAD CITIES 2 EE2 GE 40 8.6 9.3 8.8 NIA 2 2 EHC EHC 1005 ·o 
18 FUKUSHIMA I BP1 100• 4.7 5.5 D 5.6 NIA 2 EPR HPR 1005 D 
20 BROWNS FERRY ER1 GE s 30 D 13.33 D 13.33 D 14.05 D N/A s 2 D EHC D EHC s 1005 D 

21 BROWNS FERRY 2 ER2 GE s 30 D 13.33 D 13.36 D 14.05 D NIA s 2 D EHC D EHC s 1oms D 
22 BROWNS FERRY 3 ER3 GE s 30 13.33 D 13,422 D 14.05 D NIA s 2 s EHC s EHC s 1005 D 
23 VERMONT YANKEE HB1 BE s 106 D 6.43 D 6.43 D 6.75 D NIA s 2 s EPR HPR 1005 D 
24 PEACH BOTTOM 2 HE2 GE 30 D 13.4 D 13.4 D 14.0 D N/A 2 D EHC D EHC 1005 D 
25 PEACH BOTTOM 3 HE3 BE s 30 D 13.4 D 13.4 D 14.0 D N/A s 2 D EHC D EHC s 1005 D 

! 

28 · KKH J BN1 BBC 105 D 3.86 D 4.071 D 4. 152 D NIA HYDlBBC HYDlBBC 1005 D 
27 F ITZPA TR I CK EPI GE 30 D 10. 47 D 10.47 D 10.96 D NIA 2 EHC EtlC 10015 D 
28 SHOREHAM KS1 GE A 30 D 10.47 D 10.47 D 10.96 D N/A 2 A EHC EHC 1005 D 
29 COOPER HPI WEST 26 9.55 D 9.55 D 10.04 D N/A 2 DHC DHC 1005 D 
30 PILGRIM HK1 GE 26 7.60 D 7.60 D 7.98 D NIA 2 s EPR HPR 1035 D 

31 FUKUSHIMA 2 BR1 GE 30' D 9.8 9.767 D 10.3 N/A 2 EHC EHC 1005 D 
32 HATCH 1 HT1 GE 30 D 10.03 D 10.03 D 10.96 D N/A 2 EHC EHC 1oms D 
33 HATCH 2 HT2 GE 25 10.47 D 10.47 D 10.96 0 N/A 2 EHC EHC 1005 D 
34 BRUNSWICK 2 KBI BE A 100• 10.47 D 10.47 D 10.96 D N/A 2 EHC EHC 1005 D 
35 BRUNSWICK 1 KB2 GE 30 D 10.47 D 10.47 0 10.96 D N/A 2 EHC EHC 1005 D 

38 DUANE ARNOLD KE1 GE s 30 D 6.84 D 6.84 D 7. 16 D N/A 2 s EHC EHC 1 oms D 
37 ENRICO FERMI 2 KH1 ENGLISH 14. 16 D 14. 16 D 14.86 D NIA 2 1005 D 
38 LIHERICK 1 HHI GE s 25 s 14. 16 D 14. 16 D 14.86 D NIA 2 EHC EHC 100'5 D 
39 LIMERICK 2 HH2 GE 14. I 6 D 14. 16 D 14.86 D N/A 2 EHC EHC 1005 D 
40 HOPE CREEK 1 KTI GE 14. 16 D 14. 16 D 14.86 D HIA 2 EHC EHC 100~ D 

~--



DATE 08/26. OPERATING PLAN) PAR PAGE • 
SECTION B DOCUMENT • NEDE-21398 REV. 

I 2 3 4 5 6 7 8 9 10 
RPV RPV RPV RPV CORE FW FUEL FUEL CORE NO OF 

ITEH PLANT PROJ ID HFG CODE HEAD PLATE SPARGER CHANNEL CHANNEL RECIRC REC I RC 
NO. IDENTITY CCIDE SECT CLAD HOLES DESIGN THICK FAB FLCIW LOOPS 

CIN) (ASME> <YIN> CHO/DIA <MILS) METHOD fHLB/H) 

1 DRESDEN 1 EBI 146 NYSHIP 010 HIDRut1 60 26 D 
2 Hut1BOLDT BAY 3 ED1 120'. CE YES 0/0 60 s 13.8 0 
3 GARIGLIANO ABI 1"41 TERNI 0/0 HIDRut1 80 s 22.0 D 2 
4 BIG ROCK PCllNT EJI J06'. CE 0/0 HIDRut1 100 12.0 2 
D KR8-A ADI 1-46 s RUHRSTL S 1&862 YES s 0/0 HIDRut1 60 s s s 30 s 3 s 

6 TARAPUR I BEi 14"4 CE I s YES s 0/0 s 60 s s 23.0 2 
7 TARAPUR 2 BE2 1"44 CE I s YES s 010 s 60 s s 29.2 D 2 
e OODEWAARDE AEI JIO s RDtt s 3 s YES s 010 60 5 s s 9.92 s 0 
8 NINE HILE POINT EAi 213 s CE s 1/8 YES s 010 S RIF eo s s s 67.D D D s 
10 OYSTER CREEK I ENI 213 CE 1/8 YES 010 RIF 80 s 61 :o D D 8 

11 DRESDEN 2 EB2 2DI D B&W 3 YES 0/0 RIF 80 0 s 98.0 D 2 D 
12 DRESDEN 3 EB3 2DI D B&W 3 YES 0/0 RIF 80 0 F 98.0 D 2 D 
13 HILLSTONE EHi 224 D CE 3 YES 0/0 RIF eo 0 s 69.0 D 2 D 
14 TSURUGA BKI 171 HITACHI 1/8 YES 010 s 80 s 39.0 D 3 
HI NUCLENOR BHI 188 s RDtt s 3 s YES s 0/0 s s 80 s s 48.0 D 2 8 

16 ttONTICELLO EKI 205 CBI 3 YES 0/0 SPR 80 F D7.8 D 2 
17 QUAD CITIES I EEi 2:51 B&W 3 YES 0/0 RIF 80 D F 98.0 D 2 D 
18 QUAD CITIES 2 EE2 2:51 B&W/CBI 3 YES 0/0 DPR 80 0 F 98.0 D 2 D 
19 FUKUSHIMA \ BPI 188 IHI 3 YES 010 DPR 80 F 48.0 D 2 
20 BROWNS FERRY I ERi 251 D B&W s 3 s NO s 129/1. 0 TTS 100 D F 102.'5 D 2 D 

21 BROWNS FERRY 2 ER2 2:51 D B&WllHI s 3 s NO s 129/1. 0 TTS 100 D F s 102.D D 2 D 
22 BROWNS FERRY 3 ER3 2:51 B&W/IHI s 3 s NO s 129/ I. 0 TTS 80 0 F s 102.D D 2 
23 VERttONT YAN<EE HBI 20D CBI s 3 s YES s '58/1 .0 RIF 80 0 F 48.0 D 2 D 
24 PEACH BOTTOH 2 HE2 251 D B&W/CBI 3 NO 129/1. 0 TTS 100 D F 102.D D 2 D 
2D PEACH BCITTot1 3 HE3 2:51 D B&W/CBI s 3 . s NO s 129/1. 0 TTS 100 D F 102.:5 D 2 D 

26 KKH BNI 1'58 D 5ULZRDl1 3 NO 3711. 0 s 80 F 29.7 D 2 D 
27 FITZPATRICK EPI 218 s CE 3 NO 77/1.0 TTS 100 D F 77.0 D 2 D 
28 SHOREHAM KSI 218 s CE A 3 NO A TTS 100 D F 77.0 D 2 
29 COOPER HPI 218 CE 3 NO 88/1.0 TTS 80 F 73.D D 2 
30 PILORIH HK1 224 CE 3 YES 104/1. 0 RIF 80 F 69.0 .D 2 

31 FUKUSHIMA 2 BR1 218 TOSHIHI 3 NO 88/1.0 s 80 f 73.D D 2 D 
32 HATCH I HTI 218 CE 3 NO 96/ I. 0 TTS 100 D f 78.D D 2 D 
33 HATCH 2 HT2 218 CE 3 NO w 100 F 77.0 D 2 D 
34 BRUNSWICK 2 KB1 218 CBI 3 NCI 77/1. 0 RIF 80 f 77.0 D 2 D 
3D BRUNSWICK I KB2 218 CBI 3 NO 7711. 0 w 100 D F 77.0 D 2 

36 DUANE ARNOLD KEI 183 CBI s 3 s NO s 49/1.0 RIF 80 D F s 49.0 D 2 
37 ENRICO FERHI 2 KHI 251 D CE 3 TTS 100 D F 100.0 D 2 D 
38 LIMERICK I HHI 251 D CBI s 3 s TTS 100 F 100.0 D 2 D 
39 LIMERICK 2 HH2 2D1 D CBI 3 TTS 100 F 100.0 D 2 D 
40 HOPE CREEK I KTI 2DI D HITACHI 3 TTS 100 F 100.0 D 2 D 

.. ,,. .. 
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iro: Pelip Rao 

From: Mark D. Uhrich 
(309)654-2241 #2994 

Subject: Shroud Weld• 

f'"' 
G 

408 925 1490;# l/ 3 

Har• ia th• inforaatian you raqueated at th• 1030A aaating on the 
re•ulta at th• veaaal in•pactiana. 

Pl•••• contact •• if you requir• any more information. 

Poat·ll'· brand rax vansmittal memo 7611 "°' ,...- " 3:. 
,. F".&. '· ta. 0 ,,_ ! f) .. \>..~ta. c>-. 
eo. E.. eo. ~c.lo 

I Pnanef 
De9''(fiotJ) 12-s - /o 7 
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WELDI SWU'ACB 

Bl O.D. 

ID O.D, 

m LD. 

BJ O.D. 

84 O.D. 

84 LO. 

B5 O.D. 

IU O.D. 

B7 O.D. 

QUAD CITil!S UN11' l 
SHROUD INSPECTION STATUS 

AREA EXAMINED IN&BCl'ION llBSlJL TS 

INSPBCTBD 4 A1lBAS (-12• BACH) CECo LBVBL m llBYIBW PBNDlNO 

INSP8CTBD 4 AllBAS (-12• BACH) CllCo LBVBL m RllVIBW PBNDJNQ 

100• (Sl9) TarAL OP 134• OP INDICATIONS (21 '5 OF LBNOTH) 
(WORST PIAW 45• IN LBNOTB) · 

r. 80' c1•2·> NO INDlCA.TJONS POUND 

as- - 5IO" (99) NO INDICA110NS POONI) 

f'r - ltiO' (12.t •) NO INDICA110NS POUND . 
161" - 1709 (5.) NO INDICA110NS POUND 

17S- - 110' (9•) - NO INDICA110NS FOUND 

2.15" - 2409 (44•) NO INDICAnONI POUND 

7'Cr - O' (17'1.) NO INDICATIONS POUND 

INSPBCTBD 4 AllBAS (-22• BACH) NO INDICATIONS POUND 

INSPBCl'BD 4 ADAS (-22• BA.al) 2 MINOI. on·) INDICATIONS 

INSPECTBD I ARBAI liNDOM INDICA'OONI POUND IN AIL .AJlBAS 
(-DJ•TarAL) INSPBCTBD (LOCATED BBLOW HS IN RINO) 

INSPBCI'BD 6 ilBAS (- lt;• BACH) 2 UJNOll (112• A 2•) INDICADONS 

INSPBCTBD I ARBAS NO INDICATIONS POUND 
(-130• TOTAL) 

May 3, 1994 

QUALDICATION n'A'l'lJS 

WMS will be l'IHn.,.aed 

Weld wlll be re-ta 11clld 

BVALUATJON IN PROGUSI 
A ... - ..,,,,. .11-

. ty\Jll VI r-r ~ .-' 

I~ INSPBCl'BD lOOS OP WBLD 
'" O.D. mBNTD11BD AS NO ~ 

INDICATIONS FOUND ON I.D. 11 

TO VERIFY BOrH LD. AND O.D ,:a... 

HAVB NO INDICATIONS 

Nml1o~2m. 
(J• JIOt-11=/-.r~ 

LB.• u.u. .. 
BV AWA'nON IN Pl.OORBSS 

~ 
Need to rHmpect 2 lor-lfina1 

QUAl.JFIBD PliNBIN8 UHIP'll 
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APPLICATION. (System/Project/Program) 

Designated Verifier 

Charge# lEETT 

Shroud/ Quad Cities 1 and 2 I Fracture Mechanics Analysis 

H. S. Mehta 

18 METHOD OF VERIFICATION. Checking, Alternate Cale. lndiv. Design Review, Team Design Review, Test 

(circle as needed); Other (describe) 

Individual Design Review 

1 C SCOPE. (Identify what is to be verified; e.g., level of detail). 

1D. 

1E 

1F 

2 

2A 

28 

3 
3A 

38 

4A 

Please verify that the latest customer-requested changes to the methods, calculations, and 

report of the analysis are reasonable and correct, and that the analysis and report apply to both 

units. 
INPUTS. (Identify any GE and external interfaces and requirements, assumptions, input 
documents, test analyses, reasons for changes). 

See references in report GENE-523-02-0194 and DRF Reference Sheet. 

OUTPUTS. (Identify output document(s) or analysis results to be verified). 

Report GENE-523-02-0194 and the associated DRF. 

Responsible Engineer --(j;-~ · -(//~~~-~~ Date 3-i.__:;-'-?Lj- Comp. =52=3.....__ 
W. F. Weitze / 

INDEPENDEN~ICATION 
Comments: No Yes (See Attached) 
VERIFICATIO TEMENT: The method and scope of verification as stated in 18 and 1C are 
appropriate. The inputs as identified in 1 D. All comments and technical issues are resolved. The 
verification establishes that the output identified in 1 E is correct and is adequate for its intended 
application as identified in 1A. ,· t C . ¥¥5-
lndependent Verifier ~ Date ~ le y Comp. ..._.52"""'"3_ 

H. S. Mehta . 

Are there attached sheets for 1A, 1 B, 1 C, 1 D, 1 E, 2A, 3A? (circle as applicable) 

SD-0568(1/92). 



• QIJ9ll Cltlu 1 
Prepared by: W. F. Weitz• 

CIRCUMFERENTIAL FLAW 

Olmlnlianl for Welda H3 lo H5 

Out clil .• Do 207.125 Inches In Dill • DI 203.125 lncha 

Out ...... Ro 103.58 lnchel In Rlldlus• RI 101.56 Inches 

lhk:ll • I , 2.0 lnchel 

Normal & UpMt: 

Fmted: 

h••A 1281.84 In" 

8hl'oud Heed ,..... (psi) 
Slg(p) • P-Rll2, (bl) • 
Wl & Veil. &.i. (bl)• 
Total Memtniie Stl.a (bl) • 
Upset BendlnG ser.u (bl) • 
Sm (bl) • 18.1 
PmlSm• 
(Pm+Pb)ISm • 
S.fety F-=tor • 

Slvoud HMCI Presa. (psi) 
Slg(p) • P-R112, (bl) • 
Wt. & Vert. Sels (bl)• 
Total Membrane S"- (ksl) • 
Faulted Bending S"- (kll) • 
Pm/Sm• 
(Pm+Pb)ISm • 
Safety F.c:tor • 

Mow. F1mw Length: fradlon cl circumference from 1CRITFLA run 
(using mun radius) • 2"pl"Rm (In) • 

Allowable FlllW lenglh/4 (In) • 

Nwve the Ccn Plata, LEFM 

Nonna! & UpHI: 
Faulted: 

QC1SHROD.XLS 

limiting Cue: 

T olal Sig • Pm+Pb (bl) • 
Total Sig• Pm+Pb (bl)• 

3.18 x Norm/Upset • 
1.4 x Faulted • 

Umlling CaM: 

H3 

8.0 
0.203 

-0.154 
0.049 
0.187 

o.oos 
0.014 

u 

20.0 
0.508 

-0.139 
0.369 
0.374 
0.022 
0.044 

u 

0.778 
·601.4 
1215.34 
Fauled 

from GE 718E861 Shroud, Spec Conlrol 

H4 

8.0 
0.203 

-0.198 
0.005 
0.651 

0.000 
0.03111 

2.8 

20.0 
0.508 

-0.178 
0.330 
1.303 
0.020 
0.097 

u 

0.724 
4611.6 

111i.G4 
Faulted 

0.657 
1.633 

2.075 
2.281 

Faulted 

281 

H5 

e.o 
0.203 

-0.255 
-0.052. Pm 
1.169. Pb 

.e.oos 
0.061 

2.1 

20.0 
0.508 

-0.230 
0.278 •Pm 
2.337. Pb 
0.011 
0.1&6 

1.4 

0.681 
438.8 

101.71 
Faulad 

1.169 
2.615 

S.693 
3.661 
Upsal 

from QC 1&2 UFSAR, Tabla 3.8-11 

U•Z•ofnasptM ••1--~ 
From Seismic loed Table 

from QC 1&2 UFSAR, Table 3.9-19 

Use Zero f nagatM ,,..__ 
From Salsmic lam Table 

183 from spreadsheet 
QC1SHRDN.XLS 

Paga2/7 



Ou•d C. •• Prepared. II 

ilyn•mlc Lo.di •nd StrH1H: 

I 

Purpose: Detennine the bending stresses in U1e shroud due to the seismic load 

Rderence: See DRF Reference List. 

D11cu11lon: The relative elevations for the dynamic loads were taken from Ref. I. The section modulus Z 
was calculated al each weld location. Linear interpolation was used to delennine the 
moments for each weld; the corresponding weld elevations were determined from Refs. 3b, 
3c, 3e, and 3f. The bending stresses were calculated for OBE and DBE conditions using 
standard strength or materials equations (stress = Mil). 

The maximwn seismic moments for the shroud summarized below in Table 2 arc taken from 
Reference I. The DBE (SSE) loads in Table 2 arc two times the OBE loads, from Ref. I. 

Table I below shows the seismic loads applied to each weld for OBE and DBE conditions. 

TABLE 1 SEISMIC LOADS AND STRESSES FOR EACH WELD LOCATION 

Weld Designation 

Hl 
H2 
HJ 
H4 
H5 
H6 
117 
tlB 

Elev. 
Cini 

391.376 
357.876 
361i.376 
266.375 
191.125 
187.125 
131.600 
120.631 

Outside 
Radius 

Cini 

110.00 
110.00 
103.66 
103.!HI 
103.66 
100.50 
100.60 
100.60 

Inside 
Radius 

Cini 

108.00 
108.00 
101.66 
10UHJ 
101.66 
98.60 
98.60 
98.50 

TABLE 2 REFERENCE 1 LOADS 

Elevation 
lrom VB 

Cini 

463.49 
375.53 
288.77 
208.01 
147.63 
120.li:J 

Node I 

12 
13 
14 
16 
16 . 

Cumulative 
Wt. lkipl 

133.87 
238.78 
287.73 
405.62 
434.69 
434.69 

• Shroud S1111port Plate 

11111 Ill 11111 '""'"': 2 

Elf active 
Wt. lkipl 

ODE 

106.49 
189.94 
228.BU 
322.66 
346.71 
346.71 

Thick. 

Cini 

2.00 
2.00 
a.oo 
2.00 
2.00 
2.00 
2.00 
2.00 

Elfectiv1 
Wt. lkipl 

DBE 

95.78 
170.84 
205.87 
290.21 
310.94 
JI0.04 

Section OBE DBE 
Modulu1 Moment Momeni 

lin-31 lin·kip&I lin·kipsl 

7.47E+04 6.19E +03 1.04E+04 
7.47E+04 1.16E +04 2.31E+04 
6.01E +04 1.24E +04 a.47E +o4 
l,81E+04 4.311! H)4 9.8H-tQ4 
6.61E+04 7.72E +04 1.64E +05 
6.22E +04 7.96E +04 1.59E+05 
6.22E +04 1.13E +05 2.26E +05 
6.22E +04 1.19E +06 2.39E+05 

NOTUSm 

Moment Moment Shear 
lin·kipsl lin·kipsl lkipi;I 

OBE DBE OBE 

2.13E+03 
/ / 4.26E +03 43 

6.86E +03 l'1.17E+04 v 338 
I 

~ 415 3.3BE +04 ·6.77E+04 
6.71E +04- 1.34Et05 A 604 
1.03E t06 2.0JE i 05 1~-5&i 
1.19[ 105 '2 .39E t 06 692 

Ill /l•l 1111111 Ml H l'1111n 11 I 

94 

NOTUSm 

OBE DBE Effective Effective Shear 
Pb Pb Wt. lkipl Wt. lkipl lkipsl 

lhil lksil OBE DBE OBE 

0.07 0.14 174.91 167.32 43 
0.16 0.31 197.87 177.97 338 
0,18 0.37 188.11 170,(ifl 330 
O.Gli uo 214.H 2H.H 4Hi 
1.17 2.34 329.10 296.00 604 
1.28 2.66 330.62 297.:H 604 
1.82 3.63 346.71 310.£>4 692 
1.92 3.84 345.71 310.£>4 692 

v ertlcal Acceleration (g'•l Density llb/in - 31 
OBE DBE Steel Water 

v 0.0~ 0.16 ,,/ 0.290 ·"' 0.036 ,,/ 
/ 

~ 
tfu'oyancy: aubtract weight of water displaced 

,metal wt. • water density/metal density 
[Jfectiv11 Wt =Cum. Wt.• ll·Den&. Ratio-Vert. Ace.I 
(1ai11luu 1111el dunr;ity lrom Y1002A002 rev. 4 t 



3/09/1994 - 10:47:18 

• TITLE: Quad cities 1 Shroud Circ Flaw At HS, Limit Load 

FLOW STRESS FACTOR ON SM = 3.000 

PM = .000 PM + PB = .069 
3.00C 

.155 
3.000 

SAFETY FACTOR = 
FLOW STRESS FACTOR = 

PM= .016 PM + PB = SAFETY FACTOR = 
FLOW STRESS FACTOR = 

SAFETY FACTOR= 2.800 SAFETY FACTOR= 
:LENGTH DEPTH LENGTH DEPTH 

.698 1.000 .681 1.000 

.700 .999 .700 .992 

.750 .985 .750_ .978 

.800 .976 .800 .969 

.850 .971 .850 .964 

.900 .969 .9CC .962 

.950 .968 .950 .961 
~---____ .968 1.000 .961 

f . 000 . ~ 000 ---. 000 006-

• 

.ooo - .ooo .ooo .ooo 
.coo 
.ooo 
.000 
.coo 
.coo 
.coo 
.000 
.000 
.ooo 
.000 
.000 

.ooo .ooo .ooo 

.ooo .000 .000 

.000 .000 .000 

.ooo .ooo .coo 

.000 .ooo .000 

.ooo .000 .coo 

.ooo .000 .ooo 

.000 .000 .000 

.ooo .000 .000 

.000 .000 .000 
.. 000 . 000 . 000 

r 

~ '-J_ c)' -"""\ A-tt Y(; 
V' <' 

~ i)"\J \ 

....... 
(\ (, 

// 

• 

) 
! 

i 
I 
f ; 

1.400 

2.800 

1.400 
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To D. Rao 

1. 
2. 
3. 

s. 

Th• ahroud• on th• QU&4 Citi .. un1U are identical. 
Attached Tabla 
Bypa•• Valve C&pacity Rafarence tJPSAJl Figure 10.1 
MCI' 11ot Ho ref erenc:e tound 
Peak St• .. Plav v/ADS Hot found, .... a• Dremd.en 
Thi• 1• &))Out 3 o page•. Ara you •ur• you need it? Doe• 
Dr••d•n'• 9iva yau th• inro you naa4? 
GB ha• inf orm&tion froa packaqa that va• put together to 
evaluate th• •uacepti~ility of th• shroud. 

xr you need. additional inro I need •pecitic• on what into 
you ar• lookin9 tor tor Hy4r09an Water Chmai•try and 
conductivity • 
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10l.DI 61JUACK 

Bl O.D. 

B2 0.0. 

m LD. 

m o.o. 

.. 0.D. .. LD. 

115 O.D.. 

... O.D. 

B7 O.D. 

QUAD Cl'l1ES UNIT 1 
SHROUD INSPECTION STA11JS 

.ABADOONBD INSIPECl'.l(lf 8BSILTS 

INSPBCl'llD 4 ADAS (-tr Mal) CBa. LBVBL m UVIBW PBNDINO 

INSPBCl'llD 4 .AaBAS (-tr Mal) CBCD LBVBL m UYIBW PBNDING 

IOOS (611•) 'IVl'AL OP 134• OP INDICATIONS (21 S OP LBNG1'H) 
(WOUI' Pl.AW a• IN IJJNG'DI) 

.,. - .,. (1429) NO INDICATIONS POUND 

W-9Cr(9") NO INDICATIONS POUND I 

P'l9 - IW (121 ") MO INDICATIONS POUND 

1619 - 110" (5•) NO INDICATIONS POUND 

115'9 - 1.- (9") MO INDICA'IIONI POUND 

21'9-.. (441 NO INDICATIONS POUND 

..... (171") NO INDICATIONS POUND 

INll'BCl1ID 4 ABBAS (-22• l!ACll) NO INDICA'llCNS POUND 

INSPBCl'BD 4 ADAS (-22• BACH) 2 IONOll (l/l9) INDICADONS 

1 INSl'ik!IBD I AaBAS llANDOll INDICATIONS POUND IN ALL AllBAS 
(--·'IUI'~ INSPllCl'BD (LOCATED Bm.ow BS IN alNO) 

INSPBCl'BD 6 ADAS (-16• BA.al) 2 MIHOI (IJ2• A 2•) INDICATIOMS 

DISPlk!IBD I ADAS NO INDICA'IIONS POUND 
<-no· 'J'Ol'AQ 

• 
May 3, 1994 

QUALDICATION Sl'.A.TlJS 

WUlwillt. ........ .. 
WUlwillbe-S ..... 

BVALUATION IN fl.OGIBSS 

JNSPllC'l'llD 1001 OP WELD 
O.D. IDBN'J1FIED AS MO 
INDICAnONS POUND ml l.D. 
TO vmtlPY B0111 l.D. AND O.D 
HAVB NO INDICATIONS 

N•to~2-

I.D. a O.D. a>ltRBSPOND 

BVALUATION IN PROORBSS 

Need~......,_2Ja.•ia.1 

QUALIPIBD PllNDINO lBVIBW 
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Component 

Shroud support 
Guide tube. 
Core plate 
Lower shroud 
Upper shroud 
Shroud head 
Dryers· 
Channel boz 

Note1: 

iir.,6' .. •·• . . 

QUAD CITIES - UFSAR 

Tabla S.9-19 

REACTOR INTERNAL PRESSURE DIFP'ERENTIALS 

t:,. P At Muimum A P Maximum A P 
Turbine·Genarator Followini' A Steam Followiq' a Recirculation 

DeaiG Power Mpo Breik T.ipo Bra@k 

26 
17 
17 
25 
8 
8 
2 
9 

-'8 
30 
30 
43 
20 
20 
4,"'• 1 

16 

26 
17. 
17 
2S 
8 
8 
2 
9 

1. Evaluated from the outllide 1team-line bruk ciHcribed in Chapter 16. 

(Sheet l of l) 
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A~ ..... r .• "~~,,_. . 
·~.,..••.i:..,.,.r ··:. ._,,, ... . . . . .... ·.· .... ,..,. 

QUAD CITIES - UFSAR 

Table 3.9·20 

PRESSURE FORCES ACTING ON MAJOR REACTOR INTERNAL COMPONENTS 

Notes: 

Maior Compoptp.t 

Shroud support 

Guide tube 

Core plate . 

Lower shroud 

Upper ahroud 

Shroud head 

Jet pump dilfwler 

PrP, 

P1-P1 

PrP1 

PrP, 

Pi-P4 

p,.p, 

P1•P4 

1. Refer to Fiaure 4..1-2; mbmcripta :refer to model nodu ahown on Fi&ure 3.9-7. 

(Sheet 1 of 1) 
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GENERAL ELECTRIC COMPANY 
. · .... : ... 

.._.._, .. ·. . _, .1 . 

QUAD CITIES NUCI.EAltPOWER. STATION UNITS l & 2 

SAFER./GES'!R. - LOCA 

LOSS-OF-COOLANT ACCIDENT ANALYSIS 

T. C. Hoang 
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P. E. Elliott 
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L. D. Noble, Manager 
Reload Nuclear Engineering-1 
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GENDAL·ELEcnIC COMP.AH? .. . - . . ·- ... . -

··: ... _.: · .... :'· 

IMPORTAN! NO!ICE i.EGARDIHG 

CON'IEN!S OF mIS REPOll 

Please Read Carefully 

Ihe oniy undertakings of the General Electric Company respecting inf orma

tion in this document are contained in the contract between CECo and General 

Electric Company for this report, and nothing contained in this document shal1 
be construed as changing the contract. the use of this information by anyone 

other than CECo or for any purpose other than that far which it is intended, 

is not authorized; and with respect to any unauthorized use, General Electric 

Company makes no representation or warranty, and assumes no liability as to 

the completeness, accuracy, or usefu1ness of the information contained in this 

document • 
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. HEDC-3l.345P 
GENERAL !I.EcmIC COMPANY 

... : . -· .. 

Table 4-1 

SIGNIFICAN! INPUT PARAMETERS USED IN !HE QUAD CITIES 1 & i LOCA ANALYSIS 

A. Plant Parameters 

Core Thermal Power (MWTH) 
Vessel Steam Output (lbm/hr) 
Corresponding Power (%) 
Vessel Steam Dome Pressure (psia) 
Maximum Recirc Line Break Area Cft2) 

B. · Fuel. Parameters 

PLHGR (kw/ft) - Appendix K 

Initial MCPR - Appendix K 
- Nominal 

Axial Peaking Factor 

Number of Fueled Rods per Bundle 

c. Emergency Care Coaling System Parameters 

Nominal 

2Sll 
9.7591l06 

100 
1020 
4.26 

P8xSR/BP8x8R 

l3 .. 4zl..02 

l.20/1.02 
l.22 

l.4 

62 

Low Pressure Coolant Injection (I.PC!) System 

Vessel Pressure at Which Flow May Commence (psig) 

M1n1mum Bated Flow at Vessel Pressure (psig) 

for two pumps (gpm) into one loop 

&Represents the limiting operating condition resulting in the maximum 
calculated PCT at c.nytime in the fuel lifetime. 

Appendix K 

2561 
9.954%106 

102 
1020 
4.26 

GEB:z:SEB 

14.4%1.02 

1.20/1.02 
1.22 

1.4 

60/62 

325 

20 

9000 
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GENERAL ~~C COMPANY __ .. _ 

... : .. :. : .. ':· .:'',. .. ·. ' 

Table 4-l (Continued) 

Initiating Siguals and Setpoin.ts 
Low water Level [feet above Top 
of Active Fuel CTAF)] 

or 
High Drywell Pressure (psig) 

haximum Allowable 'Iime Delay from 
Initiating Signal to Pump at Rated Speed (sec) 

Injection Valve Stroke Time (sec) 

Maximum Vessel Pressure at Which LPCI 
Injection Valve Can Open (psig) 

Recirc Discharge Valve Closure 
Closure Pressure Permissive 
For Loop Selection (psig) 

(For Single- or No-Loop Operation) 

!ime Delay for Loop Selection 

Maximum Discharge Valve Stroke Time (sec) 

MinilllWll Break Size for which Loop Se1ection 
Logic Assumed to Select Unbrok•n Loop (ft2) 

Low Pressure Core Spray (LPCS) System 

Vessel Pressure at Wbich Flow May Commence 
(psig) 

Minimum Rated Flow at Vessel Pressure (psig) 
for One Loop (gpm) ~ 

Initiating Signals and Setpoints 
Low Water Level (feet above 'IAF) 

or 
High ~rywell P~~ssure (psig) 

Maximum Allowed (B.unout) Flow (gpm) 

Maximum Allowable Delay Time from 
Initiating Signal to Pump at Bated Speed (sec) 

Injection Valve Stroke Time (sec) 

Maximum Vessel Pressure at Which 
LPCS Injection Valve Can Open (psig) 

7 

2.s 

25 

25 

325 

900 

3 

45 

O.l 

325 

90 
4500 

7 

2.5 

5650 

28 

15 

325 
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BFNP-7 

Code limits for the nuclear process barrier. Turbine trips 
from lower initial power levels decrease in severity to the 
point where scram·may even be avoided within the bypass 
capacity if auxiliary power is available from an external 
source. 

14.5.1.4 Bypass Valves Failure Following Turbine Trip. High 
Power 

This event is included to illustrate that single failure could 
prevent the turbine bypass valves from opening in conjunction 
with a turbine trip. 

14.5.1.5 Bypass Valves Failure Following Turbine Trip. Low 
Power 

This abnormal operational transient is of interest because 
turbine stop valve closure and turbine control valve fast 
closure scrams are automatically bypassed when the reactor 
power level is low. Turbine first-stage pressure is used to 
initiate this bypass at 154 psig. The highest power level for 
which these scrams remain bypassed is about 30 percent of 
rated power. Figure 14.5-3 graphically shows the transient 
starting with the recirculation pumps at about 20 percent 
speed producing 40 percent core flow at 31 percent rated 
power. Reactor scram is initiated at about 3.0 seconds by 
high vessel pressure. No bypass flow is assumed: however, the 
relief valves partially open to relieve the pressure 
transient. The peak pressure at the safety/relief valves is 
well below the ASME Code limits. Since pressure remains below 
1375 psig at the bottom of the vessel, no damage occurs to the 
nuclear process system barrier. No fuel damage occurs since 
·peak heat flux is significantly lower than rated conditions. 

14.5.1.6 Main Steam Line Isolation Valye Closure 

Automatic circuitry or operator action can initiate closure of 
the main steam isolation valves. Position switches on the 
valves provide reactor scram if valve(s) in three or more main 
steam lines are less than 90 percent open and reactor pressure 
is greater than 1,055 psig or the mode switch is in the Run 
position. However, Protection System logic does permit the 
test closure of one valve without initiating scram from the 
position switches. Inadvertent closure of one or all of the 
isolation valves from reactor scrammed conditions (such as 
Operating States c or E) will produce no significant 
transient. Closures during plant heatup (Operating State D) 
will be less severe than the maximum-power cases (maximum 
stored and decay heat) which follow. 

14.5-3 

17 
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General Electric Company 
175 Curtner Avenue, 
San Jose, CA 95125 

TO: 

FROM: 

SUBJECT: 

CC: 

Question 

May 17, 1994 
JNL-03-94 

GE Nuclear Energy 

DRF A00-05652 (17) 

J. Tanaka 
GETSCO 
J. N. Loomis 

Scram Bypass Setting for Turbine Stop Valve and Control Valve 
Fast Closure 

F.Leone 
J.Pansch 
s. Ranganath 

Item 3 of the Reference 1 memo states that 

"RPT design specification 22A4699, rev. 1, sec. 3.5, states that "the RPT system shall be operable above the power 
set point for the turbine valve closure and control valve fast closure scram bypass." RPS design specification data 
sht. 22A3066-AL, rev. 2, sht. 20, sec. 4.2.17.7. had indicated that the bypass setting for turbine stop valve and 
control valve fast closure scram bypass is turbine first stage pressure less than 205 psig (30% of equivalent reactor 
power)." 

JAPC requested to know whether in the last sentence ofltem 3 of Reference 1, should it be 30% of reactor power or 
30% of turbine output power? 

Background 

At low thennal power levels, the margins to fuel thermal-hydraulic limits are large and the immediate scram oii 
turbine stop valve (TSV) or ccintrol valve (TCV) fast closure is not necessary. Therefore, to increase plant 
availability, an automatic power dependent, low power bypass of these scrams has been provided. This bypass is 
controlled by the turbine first stage steam pressure and bypasses the two scrams on TCV fast closure and TSV 
closure when the first stage pressure is below the setpoinl 

Reply to Question 

The scram bypass setpoint is based on core thermal power, as clarified in Reference 2. The scram bypass setpoint 
for Tokai-2 (Reference 3) is based on core thermal power less than or equal to 30% of rated, which is 5% above the 
bypass capacity. The basis of the thennal core power level for scram bypass can vary from plant to plant, but is 
generally bypass capacity plus 5o/o, which for Tokai-2 would be 30%. It has been shown that for Browns Ferry, a 
typical BWR/4/5 plant like Tokai-2, a T/G trip with bypass failure from an initial power level of30% has adequate 
protection from other trips (e.g., vessel pressure and neutron flux) (Reference 4). 
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References 

1. "Tokai-2 -RPS," General Elcc:tric Nuclear Energy memo from RW. Skrotsky (GENE) to 1. 1. Peterson 
(GETSCO), July 31, 1978. 

2. "Erroneous Scram Bypass Setpoint," General Electric Nuclear Energy Service Information Letter (SIL) 
Number423, May 31, 1985. . 

3. RPS Design Specification data sheet 22A3066-AL, rev. 2, sht. 20, sec. 4.2.17.7 
4. Browns Feny Nuclear Plant Updated Final Safety Analysis Report, Volume 7, Section 14.5 

Please let me know if you have any questions or need additional information. 

~1~P'A;..,-
1~. N. Loomis 
Engineering and Licensing Consulting Services Projects 
( 408) 925-1792 

Verified by: E. C. Eckert 
Plant Upgrade Projects · 
(408) 925-1198 
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Attachment ME-1-7 

ORF 137-0010-7 
GENE-S23-A95-0694 
June 20, 1994 

TO: Dave Rogowski 
Commonwealth Edison Company 
Dresden Nuclear Power Station 
6SOO N. Dresden Road 
Morris, Illinois 604SO 

GENE-523-A95-0694 

GE N~clear Energy 

Structural Mechanics Projects 
175 Curtner Avenue MIC 74 7 
San Jose, CA 95125 
Phone: (408) 9253863 
FAX: (408) 9251150 

cc: S. Ranganath 
G. Stevens 

SUBJECT: Dresden and Quad Cities Shroud Buckling Assessment 

This letter provides results for evaluating the consequences of a postulated 
main steam line guillotine break event concerning buckling of the shroud support 
legs and the shroud cylinder. 

For the results presented below, it is assumed that the shroud support legs 
take the full dynamic load resulting from a shroud lift (above the HS weld) and 
subsequent drop caused by a Main Steam Line Break (MSLB). 

1. Shroud Buckling for Dresden 

a) Effect on Shroud Support Legs 

For a postulated MSLB, the portion of the shroud above the HS weld 
will not lift . .Thus buckling is not an issue. 

For a postulated MSLB with a Safe Shutdown Earthquake {SSE), 
the shroud above the HS weld may lift and drop, causing a stress on the 
shroud support legs of 14 ksi. This stress is within the elastic limit, and 
the overall load is well below the elastic buckling load. Therefore the 
postulated drop will not cause buckling to occur. 

b) Effect on Shroud 

For a postulated MSLB with an SSE, the shroud above the HS weld 
may lift and drop, causing an average stress on the shroud of 2.1 ksi. 
This is judged to be well below any value at which buckling would be an 
issue. 



• 

• 

ORF 137-0010-7 
GENE-523-A95-0694 

c) Effect on Vessel 

The effects of the vessel head drop and shroud head drop are 
covered by the heavy load drop analysis (NUREG 0612). It is judged 
that the shroud drop is covered by the same analysis. · 

2. Shroud Buckling for Quad Cities 

a) Effect on Shroud Support Legs 

For a postulated MSLB, the shroud above the HS weld may lift and 
drop, causing a stress on the ·shroud support legs of 23.3 ksi. This stress 
is within the elastic limit, and the overall load is well below the elastic 
buckling load. Thus the postulated drop will not cause buckling to occur. 

For a postulated MSLB with an SSE, the shroud above the HS weld 
may lift and drop, causing a stress on the shroud support legs of 45 ksi. 
This potentially exceeds the inelastic buckling load. As a result, local 
buckling cannot be ruled out. However, considering the short-duration 
impulse loading, the probability of buckling is judged to be low. 

b) Effect on Shroud 

For a postulated MSLB, the shroud above the HS weld may lift ~nd 
drop, causing a stress on the shroud of 4.8 ksi. This is judged to be well 
below any value at which buckling would be an issue. 

For a postulated MSLB with an SSE, the shroud above the HS weld 
may lift and drop, causing a stress on the shroud of 9.1 ksi. This is 
judged to be well below any value at which buckling would l:>e an issue. 

c) Effect on Vessel 

The effects of the vessel head drop and shroud head drop are · 
covered by the heavy load drop analysis (NUREG 0612). It is judged 
that the shroud drop is covered by the same analysis. 

If the loading is taken by fewer than the full complement of shroud support 
legs, some local buckling could occur. An evaluation was performed to address 
this scenario. The evaluation assumed that the impact loading as a result of 
shroud lift will be distributed equally to all shroud support legs (i.e., the shroud 
impacts over the entire 360-degree circumference). This assumption was made 
based on the following: 

( 1 ) The amount of rotational tip experienced by the shroud during lift is 
small (approximately 0.75"). Therefore, the ability of the shroud to 
rotate and land on one side is significantly hampered. 

Page2 
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(2) Even if the shroud were to rotate and impact entirely on one side, 
it is expected that the resulting impact load will be distributed 
throughout the remaining lower shroud before it reaches the 
shroud support legs. 

If shroud tipping is assumed, the 0. 75" horizontal movement associated with 
the tipping at the top guide elevation causes approximately 0.75" of vertical lift on 
one side of the shroud compared to the other side at the HS weld elevation. 
Therefore, the maximum possible deformation of the remaining lower shroud is 
0.75" on one side before 360-degree contact is made with the "lifted"- portion of 
the shroud. This amount of deformation, when transferred to the core support 
plate, causes minimal lateral motion {calculated to be approximately 1 mil) of the 
core support plate. Prior testing has been performed which showed that the 

. control rods can be inserted with as much as 0.25" lateral displacement of the 
core plate. As a result, the ability to insert control rods will not be affected by 
such a scenario. 

, 
Regards, 

=-H~ Structural Mechanics Projects 
GE Nuclear Energy 

Page 3 



• 

• 

Purpose: 

Dresden/Quad Cities Shroud Support Legs Buckling Evaluation 

The purpose of this analysis is to evaluate the consequences ·of a postulated 
main steam line guillotine break event concerning buckling of the shroud 
support legs and the shroud cylinder for Dresden and Quad Cities, · 
assuming a 360 degree crack exists in the shroud HS weld. 

For this analysis, it is assumed that the shroud support legs take the full dynamic load 
and that the load is distributed equally to all of the shroud support legs. 

The following calculations are included: 

• Given the maximum height (taken from previous calculations) that the shroud above 
the HS weld lifts during a MSLB (with and without a Safe Shutdown Earthquake), 
determine the velocity of the shroud when it drops and impacts the static portion of 
the shroud (Dresden and Quad Cities) 

• Given the impact velocity of the shroud (calculated above), determine the impact force 
(and stress) on the shroud support legs and shroud cylinder (Dresden and Quad Cities) 

• Determine the smallest elastic buckling load for the shroud support legs (Dresden and 
Quad Cities) 

• Determine the elastic limit for the shroud support legs . 
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Table 1-6.0 SECTION III, DIVISION 1 - APPENDICES 1986 Edition 

TABLE 1-6.0 
MODULI OF ELASTICITY E OF MATERIALS FOR GNEN TEMPERATURES 

Material 

Ferrous Materials 

Carbon steels with 
c :s: 0.30% 

Carbon steels with 
c > 0.30% 

Carbon-molybdenum steels 

Nickel steels 

Chrome-molybdenum steels 

%-2 Cr 
2'i4-3 Cr 
5-9 Cr 

Straight chromium steels 

Austenitic, precipitation 
hardened, and other 
high alloy steels 

Nonferrous Materials 
High Nickel Alloys 

N02200 C200l 
N02201 C20ll 

N04400 C400l 
N04405 C405l 

N07750 C750l 
N07718 C718l 

J
J-

T,..u.,..J {,oo N06002 CXl . 
---=) N06600 ~l ..::--- ./ 

N06625 C625l 
N08020 C20Cb-3l 

N08800 (800) 
N08810 (800Hl 

N08825 (825) 
NlOOOl CBl 
Nl0665 CB-2l 
Nl0276 <C-276) 

J-

Aluminum and Aluminum Alloys 

A03560 (356l 
A95083 !5083) 
A95086 (5086) 
A95456 (5456) J 

Modulus of Elasticity E = Value Given x 106 psi, for Temp. "F of 

-325 -200 -100 70 200 300 400 500 600 700 800 

31.4 30.8 30.2 29.S 28.8 28.3 27.7 27.3 26.7 25.5 24.2 

31.2 30.6 30.0 29.3 28.6 28.l 27.S 27.l 26.5 25.3 24.0 

31.l 30.5 29.9 29.2 28.5 28.0 27.4 27.0 26.4 25.3 23.9 

29.6 29.l 28.5 27.8 27.1 26.7 26.l 25.7 25.2 24.6 23.0 

31.6 31.0 30.4 29.7 29.0 28.S 27.9 27.S 26.9 26.3 25.S 
27.l 26.3 
27.3 26.l 

32.6 32.0 31.4 30.6 29.8 29.4 28.8 28.3 27.7 
32.9 32.3 31.7 30.9 30.l 29.7 29.0 28.6 28.0 

31.2 30.7 30.l 29.2 28.5 27.9 27.3 26.7 26.l 25.6 24.7 

30.3 29.7 29.l 28.3 27.6 27.0 26.S 25.8 25.3 24.8 24.l 

s-so"~ J 1.1 puo.4-•"" 

32.l 31.5 30.9 30.0 29.3 
i 

28.8 28.S 28.l rz1.8 27.3 26.7 

27.8 27.3 26.8 26.0 25.4 25.0 24.7 24.3 24.l 23.7 23.l 

33.2 32.6 31.9 31.0 30.2 29.8 29.5 29.0 28.7 28.2 27.6 
31.0 30.5 29.9 29.0 28.3 27.8 27.6 27.l 26.8 26.4 25.8 
30.5 29.9 29.4 
33.2 32.6 31.9 

28.S 27.8 
31.0 30.2 

27.4 27.l 2;;;6,...6....._.....;;;2.;;,;6·..:..4 25.9 25.4 
29.9 29.5 @o 28.D 28.2 21.6 

32.l 31.S 30.9 30.0 29.3 28.8 28.S 28.l 27 .8 27 .3 26. 7 
30.0 29.4 28.8 28.0 27.3 26.9 26.6 26.2 25.9 2S.5 24.9 

30.S 29.9 29.4 28.S 27.8 27.4 27.l 26.6 26.4 25.9 25.4 

30.0 29.4 28.8 28.0 27.3 26.9 26.6 26.2 25.9 25.S 24.9 
33.3 32.7 32.0 31.l 30.3 29.9 29.5 29.l 28.8 28.3 27. 7 
33.6 33.0 32.3 31.4 30.6 30.l 29.8 29.3 29.0 28.6 27.9 
31.9 31.7 30.7 29.8 29.l 28.6 28.3 27.9 27 .6 27 .l · 26.5 

11.4 11.l 10.8 10.3 9.8 9.5 9.0 8.1 
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Table 3.7-1 

DAMPIXG FACTORS FOR STRONG VIBRATIONS WITHIN THE ELASTIC LIMIT 

Item 

Reinforced Concrete Structures 

Steel Frame Structures 

Welded Assemblies 

Bolted and Riveted Assemblies 

Vital Piping Systems 

Percentage of Critical Damping 

5.0 

2.0 

1.0 

2.0 

0.5 

)...:::: o. oz.. 
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Table I-6.0 SECTION Ill, DIVISION l -APPENDICE'S 1986 F.ditioa 

TABLE l~O 
MODULI OF ELASTICITY E OF MATERIALS FOR GIVEN TEMPERATURES 

Modulus of Elasticity E = Value Given x ~ psi, for Temp. "F of 

MatMal -325 -200 -100 70 200 300 400 500 600 700 800 

Ferrous Materials 

Carbon steels with 31.4 30.8 30.2 29.S 28.8 28.3 27.7 27.3 26.7 25.S 24.2 
c s 0.30% 

. ' Carbon steels with 31.2 30.6 30.0 29.3 28.6 28.1 27.5 27.1 26.S 25.3 24.0 ~ ....,., 

c > 0.30% 

Carbon-molybdenum steels 31.1 30.S 29.9 29.2 28.S 28.0 27.4 27.0 26.4 25.3 23.9 

Nickel steels 29.6 29.1 28.S 27.8 27.1 26.7 26.l 25.7 25.2 24.6 23.0 

Chrom~olybdenum steels 
¥.z-2 Cr 31.6 31.0 30.4 29.7 29.0 28.S 27.9 27.S 26.9 26.3 25.S 
2%-3 Cr 32.6 32.0 31.4 30.6 29.8 29.4 28.8 28.3 27.7 27.l 26.3 
5-9 Cr 32.9 32.3 31.7 30.9 30.1 29.7 29.0 28.6 28.0 27.3 26.l 

Straight chromium steels 31.2 30.7 30.1 29.2 28.S 27.9 27.3 26.7 26.1 25.6 24.7 

Austenitic, precipitation 30.3 29.7 29.1 28.3 27.6 27.0 26.S 25.8 25.3 24.8 24.1 
hardened, . and other 

• high alloy steels 

ssod~ Nonferrous Materials 
High Niclcel Alloys 1' "pe.ro.-ho"' 

N02200 (200) J-N02201 (201) 32.1 31.S 30.9 30.0 29.3 28.8 28.5 28.1 /Z7.8 27.3 26.7 

N04400 C400l J-N04405 (405) 27.8 27.3 26.8 26.0 25.4 25.0 24.7 

M3 r· 23.7 23.1 

N07750 C750l 33.2 32.6 31.9 31.0 30.2 29.8 29.5 29.0 28.7 28.2 27.6 
Nonie <718> 31.0. 30.S 29.9 29.0 28.3 27.8 27.6 27.1 26.8 26.4 25.8 

T"c.."..J &.oo N06002 <Xl _ ; , •. - ' 30.5 29.9 29.4 28.S 27.8 27.4 27.1 26.6 26.4 25.9 25.4 
---") N06600 !!Q.Q.l - ;· · 33.2 32.6 31.9 31.0 30.2 29.9 29.5 ~o 28.!) 28.2 27.6 

N06625 C625l 32.1 31.S 30.9 30.0 29.3 28.8 28.5 28.1 27.8 27.3 26.7 
N08020 C20Cb-3l 30.0 29.4 28.8 28.0 27.3 26.9 26.6 26.2 25.9 25.5 24.9 

N08800 (800) J-N08810 C800Hl 30.S 29.9 29.4 28.5 27.8 27.4 27.1 26.6 26.4 25.9 25.4 

N08825 C825l 30.0 29.4 28.8 28.0 27.3 26.9 26.6 26.2 25.9 25.S 24.9 
NlOOOl CB) 33.3 . 32.7 32.0 31.1 30..3 29.9 .29.5 29.1 28.8 28.3 27.7 
Nl0665 CB-2l 33.6 33.0 32.3 31.4 30.6 30.1 29.8 29.3 29.0 28.6 27.9 
Nl0276 CC-276) 31.9 31.7 30.7 29.8 29.1 28.6 28.3 27.9 27.6 27.l 26.S 

Aluminum and Aluminum Alloys 

• 
A03560 C356l J A95083 C5083l 
A95086 (5086) 11.4 11.1 10.8 10.3 9.8 9.5 . 9.0 8.1 
A95456 (5456) 

.i Rt. -F ~ 1986 A~ME" fS01'lar 
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Table 3.7-1 

VIBRATION DAMPING FACTORS FOR STRUCTURES AND ASSEMBLIES 

Item 

Reinforced Concrete Structures 

Steel Frame Structures 

Bolted and Riveted Assemblies 

Welded Assemblies 

Vital Piping Systems 

Standby Gas Treatment System Duct 

Reactor Pressure Vessel 

Masonry Walls 

o/c of Critical Damping 
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Table 1-l.2 1989 SECTION III, DMSION l - APPENDICES 

TABLE 1-2.2 CCONT'D) 
YIELD STRENGTH VALUES s, FOR AUSTENmc STEELS, HIGH NICKEL ALLOYS, 

AND COPPER-NICKEL ALLOYS 

Spec. 
No. 

Nominal 
Composition 

High Nickel Alloys <Cont'd) 

SB-1&4 Ni-Cu 

SB-1&4 Ni-Cu 

SB-127 Ni-Cu 
SB-1&4 Ni-Cu 

SB-lb3 Ni-Cu 

SB-1&5 Ni-Cu 

SB-1&7 Ni-Cr-Fe 

SB-1&7 Ni-Cr-Fe 

SB-1&3 Ni-Cr-Fe 
SB-1&& Ni-Cr-Fe 
SB-1&7 Ni-Cr-Fe 

~CS'B=IOD Ni-Cr-Fe 
SB-5&4 Ni-Cr-Fe 

SB-1&3 Ni-Cr-Fe 
SB-1&3 Ni-Cr-Fe 

SB-435 Ni-Cr-Mo-Fe 
SB-&19 Ni-Cr-Mo-Fe 
SB-&22 Ni-Cr-Mo-Fe 
SB-&2& Ni-Cr-Mo-Fe 

SB-435 Ni-Cr-Mo-Fe 
SB-572 Ni-Cr-Mo-Fe 

SB-443 Ni-Cr-Mo-Cb 

SB-444 Ni-Cr-Mo-Cb 
SB-44& Ni-Cr-Mo-Cb 

SB-44& Ni-Cr-Mo-Cb 

SB-1&3 Ni-Fe-Cr-Mo-Cu 

Copper-Nickel Alloys 

SB-111 Cu-NI 
SB-171 Cu-NI 

SB-171 . Cu-NI 

SB-111 Cu-Ni 

NOTES: 

Type 
or 

Grade 

N04400 

N04405 

N04400 
N04400 

N04400 
N04400 

NO&&OO 

NO&&OO 

NO&&OO 
NO&&OO 
NO&&OO 
NO&&OO 
NO&&OO 

NO&&OO [Note ("4)] 

N0&690 CNote C4ll 

N0&002 
N0&002 
N06002 
N0&002 

N0&002 
N0&002 

N0&&25 

N0&&25 
N0&&25 

N0&&25 

N08825 

N07715 
N07715 

N07715 

N07715 

Class 

A 

B 

A 

Bar 

Bar 

Product 
Form 

[Note Clll 

Plate 
Bar 

Specified 
Min. Yield 
Strength, 

ksi 

30 

35 

J-40 

Smls. Tube J_ 
Smls. Pipe & Tube 55 

Smls. Pipe & Tube 25 

Smls. Pipe & Tube 30 

Sml•T,b• ~ 
Bar ' 
Smls. Pipe & Tube 35 
Plate 
Forg. _ 

Smls. Tube J-4~ Smls. Tube 

,,,,.. « J>, lo.l J 
Wld. Pipe 
Smls. Pipe & Tube 40 
Wld. Tube 

Plate C <!:: ~. in.l 

J-35 Bar 

Plate 55 

Smls. Pipe & Tube J_ 
Bar S4 in. &O 

Bar >4 In. 50 

Smls. Tube 35 

Smls. Tube J_ 18 Plate 

Plate 20 

Smls. Tube 50 

(1) The following are the abbreviations used for Product Forms : Cal Wld. - Welded; Cbl Smls. - Seamless; (cl Forg. - Forging, Forged. 
C2l For material annealed at 192S-1975"F. 
(3l For material annealed at 202S-2075"F. 
C4l SB-1&3 Supplementary Requirements SS through SlO shall be met. 
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APPENDIX I Table l·l.2 nl'"f. 

TABLE I-2.2 <CONT'D) 

• 
YIELD STRENGTH VALUES S, FOR AUSTENMC STEELS, HIGH NICKEL ALLOYS, 

AND COPPER-NICKEL ALLOYS 

Yield Strength, lcsl, 
for Metal Temp., "F, Not Exceeding 

100 200 300 400 500 600 650 700 750 800 850 900 950 1000 

High Nickel Allo1s <Cont~d), 

30.0 2&.4 24.7 23.8 23.8 23.B 23.B 23.8 23.4 22.9 

35.0 30.9 28.8 27.8 27.8 27.8 27.8 27.8 27.3 26.7 

40.0 35.3 32.9 31.8 31.8 31.8 31.8 31.8 31.l 30.5 

55.0 48.5 45.3 43.7 43.7 43.7 43.7 43.7 42.8 41.9 

25.0 23.0 21.9 21.0 20.2 19.8 19.7 19.7 19.7 19.0 

30.0 28.0 2b.b 25.b 24.7 23.9 23.5 23.2 22.8 22.4 

Jt' A"tra~et/ +Lo.ese 4&..Jo ~o tie-i 
.J 

vo.)vl e.+ ss-o"'r-
lbB @ 32.7 31.0 29.8 28.8" /27!i) 27.4 27.0 26.5 26.l ·-.. --· 

40.0 3&.8 34.b 33.0 31.8 31.l 30.9 30.6 30.3 30.0 ... 
• 

40.0 3&.2 32.3 28.8 27.5 26.6 26.6 26.6 26.6 26.6 

35.0 31.7 28.3 24.9 24.0 23.3 23.3 23.3 23.3 23.3 

55.0 53.l 51.4 49.9 . 48.5 47.2 46.6 46.l 45.7 45.3 

bO.O 57.9 5&.l 54.l 52.9 51.5 50.9 50.3 49.8 49.4 

50.0 48.3 4&.8 45.4 44.l 42.9 42.4 42.0 41.6 41.2 

35.0 32.5 30.5 29.0 27.7 27.0 2&.5 26.0 25.8 25.6 

Copper-Nickel AlioJS 

18.0 17.0 16.2 15.5 14.9 Al 

20.0 18.9 18.0 17.2 16.6 A! 

50.0. 47.6 46.2 44.9 43.8 A.'. 

) 

79 



Summary of Table Movements A 
CORE SHROUD LOS~HS WELD • 

Design Basis Anticoated Movement Rod Core Core SBLC 

Accidents Lateral Vertical Momentffip) Insertion Reflood Sorav 
Design Basis Earthquake None at the H5 None 314" maximum Rods Insert After Floodable Volume System Function Not No Boron 

(SSE) weld location. displacement Tipping, Timing Not Maintained, ECCS Affected Density 
314" at the top (laterally) Signifcantly Affected Systems Available Change 
of the shroud. 

Main Steam Line Break None 4" Quad Cities None Insertion Completed Floodable Volume Dre. CS not Affected, No Boron 
O" Dresden After Shroud Comes Maintained QC Potential Failure OF Density 

Down, Timing Not CS Riser Or Sparger, Change 
Signlffcantly Affected Injection Into RPV 

Allows Long Term 
Cooling 

Recirculation Line Break None None None Rods Insert, Timing Very Small Gap 1-2 Core Spray Not NIA 
Not Affected Mils, 40GPM Bypass Affected 

Analysis Unaffected 

Additional Scenarios Antlcoated Movement Rod Core Core SBLC 
Considered Lateral Vertical Moment(Tlo) Insertion Reflood Spray 

Main Steam Line Break 314" maximum 8" Quad Cities 314" maximum Rod Insertion Floodable Volume Dresden CS Function No Boron 
Plus DBE displacement. 2" Dresden displacement Complete After and Maintained Not Affected, QC Density 

(laterally) While Shroud Comes Potential Failure Of CS Change 
Down, Osciffitory Riser Or Sparger, 

Velocity Profile, Timing Injection Into RPV Will 
Affected Allow Long Term 

Cooling 

Reclrc. Line Break Plus None at the H5 None 314" maximum Rods Insert After Bounded By Cale. Core Spray Function NIA 
DBE (Low PAA Without weld location. displacement Tipping, Timing Not Assuming 114" Open Not Affected 
Adding Single Failure 314" at the top (laterally) Slgnlficanly Affected All Around (Bypass 

Criteria) of the shroud. Flow Small) 
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IMPORTANT NOTICE REGARDING 
CONTENTS OF THIS REPORT 

The only undertakings of the General Electric Company (GE) respecting 
information in this document are contained in the contract between Commonwealth 
Edison Company (CECo) and GE for this work, and nothing contained in this document 
shall be construed as changing the contract. The use of this information by anyone other 
than CECo, or for any purpose other than that for which it is intended, is not authorized; 
and with respect to such unauthorized use, GE makes no representation or warranty, and 
assumes no liability as to the completeness, accuracy, or usefulness of the information 
contained in this document, or that its use may not infringe privately owned rights . 
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1. Introduction -

Circumferential and axial crack indications have been reported at various locations in 
the core shroud assemblies of BWRs. GE Servkes Information Letter S72, Revision I 
(SIL-S72), has been issued to assist utilities in their individual evaluation of this 
situation. SIL -572 recommends that shroud inspection be performed at the next 
scheduled refueling outage. The USNRC issued Information Notice 93-79 on this 
subject. Based on these recommendations, a shroud inspection was performed at Quad 
Cities Unit 1 during the current refueling outage. 

The inspection indicated the presence of circumferential cracks in the Quad Cities Unit 
1 (QCl) core shroud assembly. The visual inspections performed have shown the 
presence of cracks near the H3, H4, HS and H6 welds for QCl. An engineering 
evaluation is sought by the Commonwealth Edison Company (ComEd) to justify 
operation of QCl for one more cycle (Reference 1). The region near the HS weld 
showed random indications of cracks in all areas inspected for QC 1. The most severe 
indications are in the core support ring joined to the core shroud near the H5 weld and 
appear to be 360° circumferential cracking. Therefore, UT inspections were done at 
six locations of the HS area using 60° dual R-L transmitters (Reference 2). The results 
used in this report are based on the current inspections and the following discussion is 
based on the results of the current inspections. If future inspections indicate that 
potentially larger cracks could exist, this assessment will have to be reviewed and 
amended appropriately, 

The safety assessment for the QC 1 core shroud in this report provides the engineering 
rationale for continued plant operation for the next QC 1 fuel cycle. This safety 
assessment will have to be reviewed and updated if necessary when the QC 1 core 
shroud is inspected during the next planned· outage. 

This report also qualitatively addresses the potential situation during normal operation, 
anticipated operational events, and design basis accidents, if unexpected significant 
crack growth occurs during plant operation. This assessment describes the symptoms 
and consequences expected if the shroud has degraded to the point that through-wall 
cracking has occurred in the core support ring in the H5 weld area, which was the most 
extensively cracked area on the QCl shroud. A qualitative assessment is provided for 
other welds on the oore shroud. The approach used in this assessment is to justify 
continued operation of QCl for one more cycle. 

GE Rapid Information Communication Services Information Letter (RICSIL) 068 has 
been issued (Reference 3) to assist ComEd and other utilities in the on-going evaluation 
of this situation. Previous communications about core shroud crack indications have 
included GE SIL 572 (Reference 4) and US-NRC Information Notice 93-79. Reference 
4 states that current understanding of the root cause for shroud cracks is Intergranular 

1. 
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Stress Corrosion Cracking with apparent propagation by Irradiation Assisted Stress 
Corrosion Cracking. 

2 
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2. Summary and Conclusions 

The core shroud/core support ring cracking associated with the H5 weld at QCl does 
not represent a threat to the safe operation of QCl for the next cycle. The cracking is 
at the HS weld, which was the most extensively cracked weld area in QCl. 

1. The combination of high ductility, high toughness and low stresses makes the 
shroud extremely flaw tolerant. Even for this situation with the indications of 360 
degree circumferential cracking, crack depths of 96% (2.88 inches) of the available 
material can be tolerated while maintaining the structural integrity for normal 
operation and postulated design basis accident conditions, including ASME Code 
safety factors. The available material considers the extra one inch of ligament 
provided by the weldment in addition to the two inch shroud wall thickness. The 
weld detail is shown in Figure 1. 

2. The maximum crack depth observed by ultrasonic examinations in QCl is 
approximately 1.24 inches, and is within the allowable crack depth of 2.88 inches. 
The postulated cracking in the QC 1 core shroud maintains the structural integrity 
for normal operation and anticipated plant transients. 

3. Discounting Hydrogen Water Chemistry (HWC) benefits that QCl has had since 
1990, and using the bounding crack growth rate of 5E-5 inch/hr (0.4 inch/year, 
assuming operating hours/year), as established in the BWROG Core Shroud 
Evaluation report for normal water chemistry, the crack depth is not expected to 
exceed the allowable crack depth in the next 24 months. 

4. The weight of the core shroud above H5 is sufficient to hold the shroud in place 
even if the shroud assembly is postulatec;l to have a 360° through-wall crack at the 
H5 weld, both under normal operating conditions and during anticipated plant 
transients. The shroud will not lift. Since the crack size is on the order of mils, 
any leakage flow through the crack is small and will not impact plant operations. 

5. An evaluation of the design basis accident coupled with a seismic condition has 
been done with the shroud assembly postulated to have a 360° through-wall crack at 
the H5 weld. The evaluation was done to investigate the possibility of shroud 
movement. For recirculation line breaks, no shroud lifting occurs. Adequate long 
term cooling of the core will be maintained throughout the postulated event. For 
steamline breaks, shroud lifting is limited. Even if the shroud lifting causes the 
core spray line to fail, core spray water is delivered to the reactor vessel and 

· adequate long term cooling of the core will be maintained throughout the postulated 
event. For both the recirculation and main steam line break events, safe reactor 
shutdown capability and long term core coolability is maintained. 

3 
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3. Shroud Support, Shroud, and Top Guide Functions 

The shroud support, shroud, core support, and top guide make up a stainless steel 
cylindrical assembly that provides lateral support for the core, vertical support for 
peripheral fuel bundles, a.i1d a partition between the core region and the downcomer 
annulus to separate the upward flow of coolant through the core from the downward 
recirculation flow. The shroud also provides (in conjunction with other components) a 
floodable region following a postulated recirculation line break. The shroud is not a 
primary pressure boundary component. 

The top guide consists of a circular grid plate having square openings, which provide 
lateral support and guidance for fuel assemblies. The core support plate consists of a 
circular plate with openings and provides lateral support for the control rod guide 
tubes. The core support plate also provides vertical support for peripheral fuel 
assemblies. The majority of the fuel rests on fuel support castings that are supported 
by the control rod guide tubes. The fuel support castings are aligned by holes in the 
core support plate. The core support plate rests on the core support ring, which is 
welded to the shroud at the circumferential locations identified as H5 and H6. 

5 
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4. Shroud Structural Evaluation 

4.1 Shroud Loading Considerations 

While the extent of the cracking reported at QCl is not insignificant, there remains 
sufficient structural strength in the shroud to meet all of its design functions (Reference 
5). The shroud is made of ductile material with high toughness properties even after 
accounting for any effects due to neutron fluence. The applied loading on the shroud is 
mainly from the differential pressure during normal operation, the transient differential 
pressure increase due to design basis accident loading, design basis seismic loads, and 
non-symmetric acoustic loads during the recirculation suction line break. These loads 
are generally small and well within the remaining structural integrity of the shroud. 

The applied loads during normal operation, anticipated operational events, and the 
recirculation line break accident are in the downward direction. The applied load is in 
the upward direction when the main steam line break accident is assumed to occur 
alone or simultaneously with a safe shutdown earthquake (SSE). Reference 6 
documents the design pressure drop loads of 8 psi on the upper part of the core shroud 
at normal, rated power conditions and 20 psi during the main steam line break accident. 

The combination of high ductility and low applied stresses make the shroud extremely 
flaw tolerant. It has been calculated that 360° circumferential cracking of greater than 
96% of the 3.0 inch available material can be tolerated while maintaining the industry 
accepted ASME Code allowable safety factors based on limit load method for the H5 
area (Reference 16). The analysis that determines the 96% criterion conservatively 
ignores the available material of the extra one inch of ligament provided by the 
weldment in addition to the two inch shroud wall thickness. the maximum flaw depth 
is 1.24 inches or less than 42 % of the 3.0 inch available material at QCl (Reference 2). 

Lateral loads on the core shroud due to an instantaneous break of the recirculation 
suction line and non-symmetric depressurization of the downcomer annulus are 
considered to be unrealistic in that it takes finite time (about 100 milliseconds) for the 
break to occur (Section 3.9.5.3.1.2 of the Quad Cities UFSAR).. The asymmetric load 
is due to the time it takes for the pressure wave to travel from the broken suction line to 
the unbroken suction line. This duration is extremely short (about 5 milliseconds, as 
shown in Figure 3.9-12 of the Quad Cities UFSAR). This acoustic load affects the 
lower portion of the shroud (near HS) rather than the upper shroud (H2 and H3). 
Three areas that the acoustic load could affect are allowable crack length, crack depth, 
and lateral motion of the shroud assembly. Short duration loads of this type do not 
lead to significant deformation and are not included in the analysis of flaw sizes .. The 
pressures due to the Main Steamline Break exceed those due to the Recirculation Line 
Break. Thus, from the standpoint of total loads, the steamline break with Safe 
Shutdown Earthquake is limiting. Lateral movement for the Main Steamline Break 
with SSE and the tipping motion of the shroud pivoted on one side of the H5 weld 

6 



• 

• 

GE-NE 523-A92-0694 Rev 1 

crack area during the Recirculation Suction Line Break are estimated to be less than 3/ 4 
inch and the shroud would then return to its vertical position (Reference 19). 

The low stresses and high material ductility under relatively low neutron fluence level 
(3Xl016 n/cm2, Reference 16) make unrealistic the postulation cf the separat!.c!l of the 
core shroud assembly at H5 weld area during the present cycle based on the 
assumptions made and the information provided by ComEd (References 1 and 2). 

4.2 Water Chemistry Considerations 

The BWR oxidizing environment can provide the electrochemical driving force for 
intergranular stress corrosion cracking (IGSCC) of BWR structural materials. Also, 
the conductivity of the BWR coolant is sufficiently high to allow this corrosion reaction 
to occur (References 3, 7, and 8). 

The crack growth rate depends on the water chemistry and the conductivity of reactor 
water. QCl has been operated on Hydrogen Water Chemistry (HWC) continuously 
since the third quarter of 1990. The levels of hydrogen injected into QCl have ranged 
from 1.4 to 1.5 ppm in the feedwater line with a corresponding concentration in the 
reactor vessel of approximately 180 ppb (Reference 9). The HWC system for QCl was 
available for approximately 57% of the time the reactor was above 20% power. While 
this duration and availability is not high enough to protect reactor internals from 
IGSCC or IASCC, it could retard crack propagation. Conductivity measurements for 
QCl show that the average conductivity through Cycle 12 for QCl is 0.257 µSiem 
(Reference 10). 

Based on the information for QC 1 inspection findings provided by ComEd, the 
maximum flaw depth for QCl is 1.24 inches. Conservatively using the bounding crack 
growth rate of 5E-5 inch/hr (0.4 inch/year, assuming 8,000 operating hours/year), for 
normal water chemistry BWRs (Reference 20), the crack depth would be 2.04 inches in 
two years, which is beyond the planned end of the next cycle . 
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5. Normal Operation 

As discussed in the preceding sections, the postulation of significant through-wall 
cracking, leakage, or separation of the core shroud assembly at HS weld area is 
extremely improbable. The more likely, but still improbable scena...rio, '.vould be for 
some bypass flow to occur from the core bypass region to the reactor downcomer 

annulus. 

Even if the postulated cracking or separation were to occur, the weight of the core 
shroud above HS weld is sufficiently high to hold the core shroud assembly in place 
during all normal operating conditions. The postulated leakage would occur through a 
gap much less than 0.001 to 0.002 inch. The estimated leakage flow is less than 3S 
gpm, assuming that a 0.002 inch gap exists around the entire circumference at 8 psid 
differential pressure. Leakage flow of this magnitude has no consequence on plant 
operation. It also would not be detectable by the plant operator because the leakage 
flow is small and the leakage temperature at this location is the same as the downcomer 

temperature . 
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6. Anticipated Operational Events 

The previous sections show that cracks that grow through the shroud wall or cause 
complete separation of the shroud assembly at H5 area from the lower shroud are 
improbable. This section discusses anticipated operational occu11ences that could 
increase shroud loads above those experienced during normal operation. The transients 
associated with such an occurrence are those that tend to depressurize the reactor vessel 
and those that increase core flow. The transients evaluated are: Pressure Regulator 
Failure - open, Recirculation Flow Control Failure - Increasing to Maximum Flow, and 
Inadvertent Actuation of the Automatic Depressurization System. The normal 
operating pressure drop across the upper shroud is 8 psid (Reference 6). 

6.1 Pressure Regulator Failure - Open 

This postulated Safety Analysis Report (SAR) event involves a failure in the pressure 
controls such that the turbine control valves and the turbine bypass valves are opened as 
far as the Maximum Combined Flow Limiter (MCFL) allows. For QCl, the bypass 
capacity is 40% of rated steam flow, the worst case involves inadvertently increasing 
the steam flow. The steam flow increase would be limited by the Maximum Combined 
Flow Limiter (MCFL) to 105% (Reference 17). A depressurization and cooldown 
occurs, followed by Main Steamline Isolation Valve (MSIV) closure. The steam flow 
increase is small enough that the increased force on the shroud head is offset by the 
weight of the core shroud above the H5 weld. Any leakage postulated may occur 
through a gap much less than 0.001 to 0.002 inch. Even if it is assumed that a 
momentary 20 psid pressure differential exists and that a 0. 002 inch gap exists around 
the entire circumference, the postulated leakage flow is less than 60 gpm. A realistic 
flow, corresponding to a pressure differential of 10 psid, is less than 40 gpm. Leakage 
flows of this magnitude have no adverse consequences on plant operation. 

6.2 Recirculation Flow Control Failure - Maximum Flow 

This postulated event involves a recirculation control failure that causes both 
recirculation loops to increase to maximum flow. For this event, the pressure drop 
could change from a part-load condition to the high/maximum flow condition over a 
time period of several seconds. However, it should not significantly exceed the 
pressure drop expected for normal full power, high core flow operating conditions (8 
psid). Normal operating procedures are considered sufficient to minimize the 
consequences of this potential transient. 

6.3 Actuation of ADS 

Inadvertent actuation of the Automatic Depressurization System (ADS) valves is 
another postulated event that could put an increased load on the upper shroud. The 
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maximum steam flow and the depressurization rate occur over a period of about one 
second, spreading the- effect of the change in load. There is a short-term increase in 
steam flow to approximately 130% of rated steam flow. The increase in the shroud AP 
resulting from the opening of the ADS valves is not expected to cause lifting of the 
shroud. Furthermore, inadvertent ADS is a ver1 low probability event; it is classified 
in the ASME Emergency category . 
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7. Design Basis Accidents 

Although the previous sections demonstrate that the probability of the postulated 
separation of the core shroud assembly at HS weld area i~ extremely low, an accident 
occur1i11g with a separated core shroud is addressed in this section. 

The Main Steamline Break Accident imposes the largest potential lifting loads on the 
shroud head. Liquid breaks (up to and including the recirculation line break) do not 
impose significant pressure drops on the shroud head. 

7.1 Main Steamline Break 

The main steamline break inside primary containment is the postulated worst case 
because it results in the largest depressurization rate. During this SAR event, the 
reactor is rapidly depressurized as a result of a postulated instantaneous, double-ended 
break of the largest steamline. Thus, a larger than normal pressure difference could 
develop across the shroud as fluid flow is drawn from the core region toward the break. 
For QC 1 the design basis pressure difference is 20 psid for the guillotine break of a 
main steam line (Reference 6). 

The weight of the core shroud above HS weld (Reference 5) is not high enough to hold 
the core shroud assembly in place during the main steam line break, and if the presence 
of the shroud ligament is totally neglected, the core shroud could lift momentarily by 
up to 4 inches while the reactor vessel is depressurizing. If the main steam line break 
occurs simultaneously with the safe shutdown earthquake (SSE), and 360° complete 
through-wall crack is postulated, the core shroud could lift momentarily by up to 8 
inches while the reactor vessel is depressurizing. The estimated displacement is less for 
the OBE than for the SSE and is not discussed further. Since the break is in the main 
steamline, the core is capable of being reflooded up to and above two-third core height. 

One of the key considerations of this postulated accident case is the ability of the 
control rods to insert before or during the postulated accident. Specifically, sufficient 
lifting of the top guide prior to control rod insertion could cause reorientation of the 
fuel bundles and thus impede the insertion of control rods. 

The shroud head pressure drop characteristics calculated for the instantaneous, double
ended steamline break accident were evaluated generically (Reference 11). The 
conclusions, as described below, are applicable to QCl. The initial shroud head 
pressure drop loading is a result of the decompression wave which reduces system 
pressure overall, but would increase differential pressure across the shroud in the short 
term. The pressure loading increase is short-lived (less than two seconds) and 
decreases to below normal steady state loads. If it is even further postulated that the 
initial load pulse causes the shroud to separate, the last part of the pressure loading 
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could cause the shroud assembly to lift. The flow path created by any separation 
reduces the upward lifting forces. 

Scram is initiated during the main steamline break (inside containment) accident by the 
high drywell pressure trip signal. Dry·.vell pressure exceeds the setpoint almost 
instantaneously, so the only delays in the rod insertion come from the sensors, the 
Reactor Protection System, and rod motion. For the main steamline break outside 
containment, shroud loads are lower, MSIV closure is initiated by high steam flow, and 
scram is initiated from the MSIV closure. 

For all of the postulated steamline break scenarios, the insertion of all control rods will 
occur. Even if the first loading pulse causes the upper shroud assembly to break free, 
control rod motion will commence before the upper shroud assembly and top guide lift 
significantly. It is likely that the top guide will remain engaged with the tops of the 
fuel bundles. Any control rods that are partially inserted as part of the normal 
operation are already in position to initiate shutdown. Insertion of fully withdrawn 
control rods will occur by 0.9 second to 5 % full stroke, which is early enough for the 
control rods to be moving up between the bundles before any significant lifting of the 
top guide can take place. The shroud assembly, if separated at H5, could shift laterally 
up to 3/4 inch (Reference 19). With the random displacement anticipated during 
seismic events, the CRD alignment in the core region would undergo intermittent 
periods of misalignment. Minimal scram performance degradation is expected. Even 
with 8 inches of lift during the main steam line break concurrent with the SSE, the fuel 
bundles and the top guide will stay engaged because the height of the top guide is 
approximately 14 inches (Reference 12) and an 8 inch lift retains the fuel bundles 
within the top guide. Friction between the fuel bundles and top guide is not high and 
the fuel bundles will slide against the top guide and stay within it. Control rod 
insertion will occur because the fuel will remain properly oriented. Reactor shutdown 
would thus be complete with all drives inserted. Even under the worst scenario 
discussed above, the control rods would fully insert and reactor shutdown would thus 
be achieved. In the very unlikely case that scram is not completed, the SLCS is 
available to provide shutdown capability. 

Movement of the upper shroud assembly could affect the performance of the core spray 
system if it impacts the core spray line connection. If the lifting of the core shroud 
causes the core spray sparger or the riser to deflect, the coolant flow to the core from 
the core spray spargers could be affected. However, significant margins exist in the 
LOCA analysis results for QCl (Reference 13, Table 5-3) even if a large deflection, 
resulting in a condition up to and including the failure of the core spray sparger or riser 
should occur. The core spray crack analysis (Reference 14) has shown that the core 
spray line crack is approximately 120° of the piping circumference. The effect of a 
deflection would tend to open the crack and allow water from the core spray system to 
enter the downcomer and thence to the core region. Such a condition would not 
prevent the entry of core spray system water into the reactor vessel. Therefore, even if 
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the LPCI should fail to deliver water to the reactor vessel (Reference 15), the core 
spray water would be available and adequate long-term cooling would be available. 

The main steamline break has also been evaluated for radiological release consequences 
in the SAR. For a main steamline break inside containment, the radiological 
consequences are bounded by the Loss of Coolant Accident. For the main steamline 
break outside containment, the magnitude of the pressure loads that potentially could 
lead to separation of the upper shroud are less than that for breaks inside the 
containment, due to attenuation of the depressurization wave along the steamline. 
MSN closure is initiated before any potentially increased radiological release outside 
containment from such a scenario could occur. The radiological consequences of this 
main steamline break scenario are thus still bounded by the plant SAR results. 

7.2 Recirculation Line Break 

For the design basis recirculation line break combined with the SSE, the differential 
pressure across the upper shroud does not increase from the initial value as the reactor 
depressurizes, upward forces are reduced, and thus there is no significant threat to core 
shroud integrity in the vertical direction. The effect of lateral loads due to acoustic 
phenomena does not cause the shroud to move (see Section 4). Lateral movement due 
to tipping motion of the shroud does not exceed 3/4 inch and the shroud would then 
return to the vertical position. As described in Section 7.1, reactor shutdown would 
thus be complete with all drives inserted. 

With the shroud integrity maintained, a floodable core region is also preserved. Even 
if the entire circumference is postulated to be cracked as done in the previous sections, 
the shroud assembly does not lift. The calculated leakage flow is very small compared 
to the emergency core cooling system flow capacity and there is no significant decrease 
in coolant to the core. Therefore, the recirculation line break analysis results are 
unchanged . 
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8. Emergency Operator Actions 

The Quad Cities-specific Emergency Procedures (QGAs) are symptomatic in that they 
respond to detected symptoms and do not require diagnosis of the event by the 
operator. They address a wide range of events, both less severe and more severe than 
the design basis accidents. 

The worst postulated event discussed above could result in separation of the shroud 
assembly from the lower shroud. However, this has minimal impact to scram 
performance because no disengagement of the fuel bundles from the top guide occurs. 
Therefore, no further consideration is necessary for the impact of this postulated event 
on the QGAs. 

The QGAs provide instructions for reactor pressure, water level, and power control, as 
well as control of key primary containment parameters. Actions specified in the QGAs 
for reactor power control are to (1) insert control rods using a variety of methods, and 
(2) initiate the Standby Liquid Control System (SLCS) before pool temperature 
increases to the allowable value of 110 F (Reference 18). QGA instructions are for 
water level to be controlled below the high water level setpoint; thus there would not be 
dilution of the liquid boron by flooding to the steamline elevation or loss of vessel 
inventory out the break in case SLCS injection were to occur. 

Water level would be controlled after the postulated event because the most challenging 
break is high in the vessel and water injection systems would be available to provide 
core cooling. 
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1.0 Introduction 

Circumferential crack indications have been observed in the Dresden 3 core shroud 
assembly during the current refueling outage. The visual inspections performed have 
indicated that crack indications are found near the H3, H4, and HS welds. The most 
severe indications are in the core support ring joined to the core shroud near the HS weld 
and appear to be 360° circumferential cracking (Reference 1). Initial ultrasonic (UT) 
inspections performed near the HS weld have confirmed these indications to be cracks. 
Reference 2 indicates that the UT inspections were done at six locations of the HS area, 
using automated UT. An engineering evaluation is sought by the Commonwealth Edison 
Company (ComEd) to justify operation of Dresden 3 for one additional cycle (18 to 24 
months) before the final shroud fix is implemented. 

This report also qualitatively addresses the potential situation during normal operation, 
anticipated operational events, and design basis accidents, if unexpected significant crack 
growth occurs during plant operation. This assessment describes the symptoms and 
consequences expected if the shroud has degraded to the point that through-wall cracking 
has occurred in the core support ring in the HS weld area. A qualitative assessment is 
provided for other welds on the core shroud. 

GE Rapid Information Communication Services Information Letter (RICSIL) 068 has 
been issued (Reference 3) to assist ComEd and other utilities in the on-going evaluation 
of this situation. Previous communications about core shrou_d crack indications have 
included GE SIL S72 (Reference 4) and the US-NRC Information Notice 93-79. 
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2.0 Summary and Conclusions 

The core shroud/core support ring cracking associated with the HS weld at Dresden Unit 
3, which was the most extensively cracked weld area in Dresden 3, does not represent a 
threat to the safe operation for the next cycle: 

1. The combination of high ductility, high toughness and low stresses makes the shroud 
extremely flaw tolerant. Even for this situation with the indications assumed to cover 
360 degrees of the circumference, crack depths of up to 98% (2.94 inches) of the 
available material can be tolerated while maintaining the structural integrity for normal 
operation and postulated design basis accident conditions, including ASME Code 
safety factors. The available material considers the extra one inch of ligament 
provided by the weldment in addition to the two inch shroud wall thickness. 

2. The maximum bounding crack depth determined by ultrasonic and visual examinations 
and boat sample analysis in Dresden 3 is 1.24 inches, and is within the allowable crack 
depth of2.94 inches. 

3. Using the bounding crack growth rate of 5 E-5 inch/hr (0.40 inch per year assuming 
8,000 hours per year) for the BWR plant with normal water chemistry, the allowable 
crack depth is not expected to be exceeded within one fuel cycle based on the 
assumptions made and the information provided by ComEd. No BWR inspection to
date has found through-wall cracking. 

4. If the shroud assembly is postulated to have 360° through-wall cracking, it would not 
lift during normal operations because the weight of the core shroud above HS is 
sufficient to hold the shroud in place. The leakage flow is small, is not detectable 
because the leakage flow temperature near the HS weld is almost the same as the 
downcomer annulus temperature, and does not impact plant operations. 

5. In the unlikely occurrence of a design basis accident, safe reactor shutdown will be 
achieved, and no change in emergency core cooling function is anticipated, even with 
concurrent design basis earthquake. 
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3.0 Shroud and Top Guide Functions 

The shroud support, shroud, core support, and top guide (see Figure 1) make up a 
stainless steel cylindrical assembly that provides lateral support for the core, vertical 
support for peripheral fuel bundles, and a partition between the core region and the 
downcomer annulus to separate the upward flow of coolant through the core from the 
downward recirculation flow. The shroud also provides (in conjunction with other 
components) a floodable region following a postulated recirculation line break. The 
shroud is not a primary pressure boundary component. 

The top guide consists of a circular grid plate having square openings, and provides lateral 
support and guidance for fuel assemblies. The majority of the fuel rests on fuel support 
castings that are supported by the control rod guide tubes. The fuel support castings are 
aligned by holes in the core support plate. The core support plate rests on the core 
support ring, which is welded to the shroud at the circumferential locations identified as 
H5 andH6. 
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4.0 Shroud Structural Evaluation 

While the extent of the cracking that has been reported at Dresden 3 is not insignificant, 
there remains sufficient structural strength in the shroud to meet all of its design functions 
(Reference S). The shroud is made of ductile material with high toughness properties even 
after accounting for any effects due to neutron fluence. The applied loading on the shroud 
is mainly from the differential pressure during normal operation, the transient differential 
pressure increase due to design basis accident loading, and design basis seismic loads. 
These loads are generally small and well within the remaining structural integrity of the 
shroud. 

The applied loads during normal operation, anticipated operational events, and the 
transient differential pressure loading due to a design basis accident are in the downward 
direction. The applied load is in the upward direction only when the main steam line break 
accident is assumed to occur simultaneously with a design basis earthquake. Reference 6 
documents the design pressure drop loads of 7 psi on the upper part of the core shroud at 
normal, rated power conditions, and 12 psi during the main steam line break accident. 

The combination of high ductility and low applied stresses make the shroud extremely flaw 
tolerant. It has been calculated that 360° circumferential cracking of greater than 98% of 
the 3. 0 inch available material can be tolerated while maintaining the industry accepted 
ASME Code allowable safety factors based on limit load methods for the HS area 
(Reference S). The available material considers the extra one inch ofligament provided by 
the weldment in addition to the two inch shroud wall thickness. The maximum bounding 
flaw depth is 1.24 inches or 41% of the 3.0 inch available material at Dresden 3 
(Reference 2). 

The low stresses and high material ductility under relatively low neutron fluence level 
make unrealistic the postulation of the separation of the core shroud assembly at the HS 
weld area during the next cycle. Using the upper bound crack growth rate of S E-S 
inch/hr (0.40 inch per year assuming 8,000 hours per year) for the BWR plant with normal 
water chemistry, the allowable crack depth is not expected to be exceeded during the next 
fuel cycle based on the assumptions made and the information provided by ComEd 
(References 1 and 2). 
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5.0 Normal Operation 

As discussed in the preceding sections, the postulation of significant through-wall 
cracking, leakage, or separation of the core shroud assembly at the HS weld area is 
extremely improbable. The more likely but still improbable.scenario would be for some 
bypass flow to occur from the core bypass region to the reactor downcomer annulus 
through the cracks. 

Even if the postulated cracking or separation were to occur, the weight of the core shroud 
above the HS weld is sufficiently high to hold the core shroud assembly in place during all 
normal operating conditions. The postulated leakage would occur through a gap much 
less than 0.001 to 0.002 inch. The estimated leakage flow is less than 30 gpm, assuming 
that a 0.002 inch gap exists around the entire circumference at 7 psid differential pressure. 
Leakage flow of this magnitude has no consequence upon the plant operation. It also 
would not be detectable by the plant operator because the leakage flow is small and the 
leakage temperature at this location is approximately the same as the downcomer 
temperature. 

6.0 Anticipated Operational Events Related to Increased Shroud Head 
Pressure Loads 

The previous sections demonstrate that cracks that grow through the shroud wall or cause 
complete separation of the shroud assembly at the HS area from the lower shroud are 
improbable. This section discusses anticipated operational occurrences that could increase 
shroud loads above those experienced during normal operation: pressure regulator failure 
- open, recirculation flow control failure - increasing to maximum flow, and inadvertent 
actuation of the Automatic Depressurization System. The normal operating pressure drop 
across the upper shroud is 7 psid (Reference 6). 

6.1 Pressure Regulator Failure - Open 

This postulated Safety Analysis Report (SAR) event involves a failure in the pressure 
controls such that the turbine control valves and the turbine bypass valves are opened as 
far as the Maximum Combined Flow Limiter (MCFL) allows. For the Dresden units, with 
a bypass capacity of 40% of rated steam flow, the worst case involves inadvertently 
increasing the steam flow to about 1S0% of rated. This would not happen because the 
steam flow limit is set at 1 OS%. A depressurization and cooldown occurs which is 
isolated by Main Steam Line Isolation Valve (MSIV) closure. This steam flow increase is 
small enough that the increased force on the shroud head (approximately 50% above the 
normal pressure drop) is less than the pressure differential of 12 psid due to the main 
steam line break (Reference 6). The weight of the core shroud above the HS weld is 
sufficiently high to hold the core shroud assembly in place at 12 psid load. Any postulated 
leakage may occur through a gap much less than 0.001 to 0.002 inch. The postulated 
leakage flow is approximately less than 40 gpm, with the assumption that a 0.002 inch gap 
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exists around the entire circumference at 12 psid pressure differential. The leakage flow 
of this magnitude has no consequence on plant operation. 

6.2 Recirculation Flow Control Failure 

This postulated event involves a recirculation control failure that causes both recirculation 
loops to increase to maximum flow. In this case, the pressure drop could change from a 
part-load condition to the high/maximum flow condition over a time period of several 
seconds, but it should not significantly exceed the pressure drop expected for normal full 
power, high core flow operating conditions (7 psid). Normal operating procedures are 
considered sufficient to minimize the consequences of this potential transient, and the 
force on the shroud head is within the inspected shroud capability (12 psid in Section 6.1). 

6.3 Inadvertent Actuation of ADS 

Inadvertent actuation of the Automatic Depressurization System (ADS) valves is another 
postulated event that could put an increased load on the upper shroud. The maximum 
steam flow and the depressurization rate are significantly smaller than for the postulated 
main steam line break, causing a short-term increase in steam flow of approximately 30% 
of rated steam flow. The increase in the shroud Af> resulting from the opening of the ADS 
valves would occur over a period of about one second, spreading the effect of the change 
in load. 

Inadvertent ADS is also a very low probability event; it is considered to be in the ASME 
Emergency category in the vessel thermal duty design. It has been used as the design basis 
Emergency event for the Dresden shroud. The effect of this event is bounded by Section 
6.1. 
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7.0 Design Basis Accidents 

Although the previous sections demonstrate that the probability of the postulated 
separation of the core shroud assembly at the HS weld area is extremely low, an accident 
occurring with a separated core shroud is addressed in this section. 

The Main Steam Line Break Accident imposes the largest potential lifting loads on the 
shroud head. Liquid breaks (e.g., recirculation line breaks) do not impose large pressure 
drops on the shroud head, and, in fact, the shroud pressure drop decreases from its initial 
value. 

7 .1 Main Steam Line Break 

The main steam line break inside primary containment is the postulated worst case because 
it results in the largest depressurization rate. During this SAR event, the reactor is rapidly 
depressurized as a result of a postulated, instantaneous, double-ended break of the largest 
steam line. Thus, a larger than normal pressure difference could develop across the 
shroud as fluid flow is drawn from the core region towards the break. For Dresden 3, the 
design basis pressure difference is 12 psid for the guillotine break of a main steam line 
(Reference 6). 

The weight of the core shroud above the HS weld is sufficiently high to hold the core 
shroud assembly in place during the main steam line break, and the core shroud does not 
lift (Reference S). The leakage may occur through a gap much less than 0.001 to 0.002 
inch. The postulated leakage flow is less than 40 gpm, with the assumption that a 0.002 
inch gap exists around the entire circumference at 12 psid pressure differential. The 
leakage flow of this magnitude has no consequence for the emergency core cooling 
performance. 

If the main steam line break occurs simultaneously with the design basis earthquake, and 
360° complete through-wall crack is postulated, the added load may cause separation of 
the upper shroud assembly near the HS indications, leading to an upward displacement of 
the structure and the associated top guide. The amount of lifting and the potential effect 
of these postulated occurrences on emergency operation are described below. 

One of the key considerations of this postulated accident case is the ability of the control 
rods to insert before or during the postulated accident. Specifically, sufficient lifting of the 
top guide prior to control rod insertion could cause reorientation of the fuel bundles and 
thus impede the insertion of the control rods. 

The shroud head pressure drop characteristics calculated for the instantaneous, double
ended steam line break accident were evaluated for a typical BWR (Reference 7). The 
initial shroud head pressure drop loading is a result of the decompression wave which 
reduces system pressure overall, but would increase differential pressure across the shroud 
in the short term. 
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The pressure loading increase is short-lived (less than two seconds) and decreases to 
below normal steady state loads. Even if the remaining shroud ligament is small (see 
Section 4), the structural integrity of the shroud will remain intact for this postulated 
limiting event. If it is further postulated that the initial load pulse causes the shroud to 
separate, the last part of the pressure loading could cause the shroud assembly to lift. The 
flow path created by any separation reduces the upward lifting forces. For this postulated 
scenario, the core shroud assembly would not lift with the main steam line break alone, but 
would lift less than 2 inches if the main steam line break occurs simultaneously with the 
design basis earthquake. 

The seismic acceleration is transmitted to the shroud assembly before the lift, but is no 
longer applicable once it is lifted. An evaluation has been done with the shroud assembly 
mounted on a frictionless roller. This analysis shows less than 0.6 inch lateral movement 
of the shroud during a main steam line break with SSE conditions. Based on this analysis, 
the maximum velocities of the shroud assembly, and engineering judgment, the lateral 
displacement is expected to be less than 3/4 inch. Displacement of this magnitude does 
not interfere with any reactor internals. 

Scram is initiated during the main steam line break (inside containment) accident by the 
high drywell pressure trip signal. Drywell pressure would exceed the setpoint almost 
instantaneously, so the only delays in the rod insertion come from the sensors, the Reactor 
Protection System and rod motion. For the main steam line break outside containment, 
shroud loads are reduced, MSIV closure is initiated by high steam flow, and scram is 
initiated from the MSIV closure. 

For either postulated steam line break scenario, the insertion of all control rods will occur 
within the required time. With the main steam line break alone, the core shroud assembly 
would not lift or move laterally, and no degradation of scram performance is expected. If 
the main steam line break occurs simultaneously with the design basis earthquake, the 
shroud assembly would lift less than 2 inches, and the lateral movement due to seismic 
excitation is less than 3/4 inch. Normal CRD alignment from the bottom end of the fuel 
bundles to CRD flange will be maintained and no binding within the CRD mechanisms is 
anticipated during a scram without seismic excitation. However, during a SSE, the shroud 
assembly, if separated at HS, could move laterally less than 3/4 inch. With the random 
displacement anticipated during seismic events, the CRD alignment in the core region 
would undergo intermittent periods of misalignment. Hence, the CRD scram speed would 
assume a somewhat oscillatory velocity profile, which is typically expected under seismic 
events. Even with 2 inches of lift anticipated during the main steam line break concurrent 
with a SSE, fuel bundles and the top guides stay engaged and the core lattice is 
maintained. The height of the top guide is 14 inches and a 2 inch lift retains the fuel 
bundles within the top guide cavity. The fuel bundles are not expected to be lifted by the 
top guide because the friction between the top guide and the fuel channel is not high, and 
the fuel bundles stay within the top guide cavity by gravity alone. Therefore, the core 
geometry is maintained during this event, minimal scram performance degradation is 
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expected. Even under the worst condition, the control rods fully insert, and reactor 
shutdown would thus be achieved. 

Movement of the upper shroud assembly (in the very unlikely case that it occurs) could 
affect the core spray system if it impacts the core spray line connection. The 2 inch lift can 
be easily accommodated by the 1.69 inch vertical clearance in the core spray line brackets 
and the compliance in the core spray line itself (Reference 8). Thus, coolant flow to the 
two core spray spargers is ensured. Therefore; no change is predicted in the emergency 
core cooling function. 

The main steam line break has also been evaluated for radiological release consequences in 
the SAR. For a main steam line break inside the containment, the radiological 
consequences are bounded by the Loss of Coolant Accident. For the main steam line 
break outside of the containment, the magnitude of the pressure loads that potentially 
could lead to separation of the upper shroud are less than that for breaks inside the 
containment, due to attenuation of the depressurization wave along the steam line. MSIV 
closure is initiated before any potentially increased radiological release outside the 
containment from such a scenario could occur. The radiological consequences of this 
main steam line break scenario are thus still bounded by the plant SAR results. 

7.2 Recirculation Line Break 

For the design basis recirculation line break, the differential pressure across the upper 
shroud decreases :from the initial value as the reactor depressurizes, upward forces are 
reduced, and thus there is no significant threat to core shroud integrity. With the shroud 
integrity maintained, a floodable core region is also preserved. Even if the entire 
circumference is postulated to be cracked as done in the previous sections, the shroud 
assembly does not lift, and the calculated leakage flow is very small compared to the 
emergency core cooling system flow capacity, and there is no significant decrease in 
coolant to the core. Therefore, the recirculation line break analysis results are unchanged. 

The core shroud pressure drop during the recirculation suction line break under SSE 
seismic excitation does not lift the core shroud assembly above the HS weld and allows 
substantial downward load, approximately 7S kips, even after the peak pressure difference 
across the shroud during a Safe Shutdown Earthquake (SSE) has been considered. 
Substantial resisting forces exist with the downward load due to the irregular mating 
surfaces along the crack both in the radial and circumferential directions. Therefore, the 
shroud assembly is not likely to move laterally. More likely, motion of the shroud 
assembly is rotational (tipping) motion of the assembly pivoted on one side of the HS weld 
crack area. The lateral motion near the top of the shroud assembly due to this rotating 
motion is calculated to be less than 3/4 inch. The displacement of this magnitude does 
not interfere with any reactor internals. 

The main contributor for the lateral motion or rotational (tipping) motion is caused by the 
seismic acceleration. The blowdown load caused by break flow through the recirculation 

9 



GE-NE 523-A93-0694 

suction line is primarily confined over the projected recirculation line area and is 
approximately 20,000 lbf (Reference 9 ofGE-NE-AOO-OS6S2-03), and has a small effect 
on the shroud assembly above the HS weld. 

Acoustic load is due to an instantaneous break of the recirculation suction line. Such a 
load is unrealistic in the sense that it takes a finite time for the break to occur, at least 100 
milliseconds. However, a hypothetical instantaneous break is considered as the source of 
a bounding load. The asymmetric load is caused by the fact that the sound wave takes 
finite time to travel from the broken suction line side to the unbroken suction line side of 
the annulus. The duration of the load is extremely short, about S milliseconds, as shown in 
Figure 3.9-6 of the Dresden UFSAR (Reference 6). The acoustic load has a higher load 
distribution on the lower portion of the shroud. However, the acoustic load distribution is 
assumed to be uniform between the jet pump base plate and the top of the shroud head. 
Above the shroud head, there is almost no acoustic load due to the large cross sectional 
area that attenuates the acoustic wave. Therefore, the assumption made provides a 
bounding lateral force and a bounding overturning moment to the shroud assembly above 
the HS weld. 

The result of this evaluation on the acoustic load indicates that the force acting on the 
shroud assembly above the HS weld is less than 7S % of the total force calculated for the 
shroud. The total force on the shroud is provided as a function of time in Figure 3. 9-6 of 
Reference 6. The point of application of the resultant horizontal acoustic load is less than 
107 inches above the HS weld. During the recirculation suction line break, the core 
shroud assembly does not lift and retains substantial downward load, approximately 7S 
kips, even after the pressure difference across the shroud under the SSE load has been 
considered. Substantial resisting forces exist with the downward load due to the irregular 
mating surfaces along the crack both in the radial and circumferential directions. 
Therefore, the shroud assembly is constrained from lateral movement. More likely, 
motion of the shroud assembly is rotational (tipping) motion of the assembly pivoted on 
one side of the HS weld crack area. The resulting lateral motion near the top of the 
shroud assembly associated with this rotating motion is very small, approximately three 
thousandth of an inch, because the duration of the load is very short, the impulses are 
small. The restoring moment by the downward load of 7 5 kips sets back the shroud 
assembly in the vertical position. In conclusion, the lateral motion of the shroud assembly 
due to the acoustic load is essentially zero even if a 360° through-wall crack is present at 
the HS weld. Practically, the addition of the acoustic load to seismic and other LOCA 
loads does not change the shroud motion. 

Furthermore, it can be concluded that the acoustic load does not result in any plastic 
deformation of the shroud assembly. 

10 



• 

• 

GE-NE 523-A93-0694 

8.0 Emergency Operator Actions 

The Emergency Procedure Guidelines (EPGs) ar~ the basis for plant specific Emergency 
Operating Procedures (EOPs). The EPGs are symptomatic in that they respond to 
detected symptoms and do not require diagnosis of the event by the operator. They 
address a very wide range of events, both less severe and more severe than the design 
basis accidents. 

The worst postulated event discussed above could result in separation of the shroud 
assembly from the lower shroud, which has minimal impact to scram performance. 
Therefore, no further consideration is necessary for the impact of this postulated event on 
theEPGs .. 

The EPGs provide instructions for reactor pressure, water level, and power control, as 
well as control of key primary containment parameters. Actions specified in the EPGs for 
reactor power control are to (1) insert control rods using a variety of methods, and (2) 
initiate the Standby Liquid Control System (SLCS) before pool temperature increases to 
the allowable value (typically 110 °F). EPG instructions specify water level to be 
controlled below the high water level setpoint; thus, there would not be dilution of the 
liquid boron by flooding to the steam line elevation or loss of vessel inventory out the 
break in case SLCS injection were to occur. 

Water level would be controlled after the postulated event because the break is high in the 
vessel and a large compliment of water injection systems would be available . 
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blowdown force 

ANGLE(DEG) 0 1 0 20 30 40 50 60 70 80 
C1 (pi/36) = 0.087 D (inches) = 229.063 b (inches) = 40.625 

X/D = Y (H5, inch) = 191.125 Y(H3,inch)= 354.875 Ymax(inch)= 407.000 Y(H5)/D = 
Y/D = 0.000 0.087 0.175 0.262 0.349 0.436 0.524 0.611 0.698 
0.000 0.000 4.861 7.623 6.406 4.667 3.314 2.361 1.696 1.225 
0.087 13.190 12.212 9.473 6.738 4.702 3.303 2.351 1.691 1.225 
0.175 30905.684 37.790 12·.698 7.175 4.692 3.247 2.313 1.676 1.224 
0.177 38.261 12.753 7.179 4.688 3.244 2.312 1.675 1.224 
0.262 51.063 26.272 11.859 6.806 4.454 3.107 2.241 1.646 1.221 
0.307 25.000. 17.904 10.196 6.297 4.235 3.000 2.190 1.625 1.218 
0.349 15.812 12.938 8.608 5.729 3.989 2.882 2.133 1.602 1.214 
0.436 8.342 7.606 6.060. 4.581 3.444 2.612 2.002 1.547 1.203 
0.524 5.419 5.139 4.458 3.665 2.941 2.342 1.864 1.486 1.188 
0.611 . 3.941 3.807 3.455 2.996 2.527 2.099 1.731 1.423 1.170 
0.698 3.082 3.007 2.802 2.517 2.202 1.893 1.611 1.364 1.151 
0.785 2.534 2.488 2.359 2.171 1.952 1.725 1.508 1.309 1.133 
0.873 2.164 2.133 2.046 1.916 1.759 1.590 1.421 1.262 1.115 
0.960 1.901 1.880 1.819 1.725 1.609 1.481 1.349 1.220 1.099 
1.022 1.760 1.743 1.694 1.619 1.524 1.417 1.305 1.195 1.089 
1.047 1.710 1.694 1.649 1.580 1.492 1.393 1.289 1.185 1.085 
1.134 1.565 1.554 1.520 1.468 1.400 1.323 1.240 1.155 1.073 
1.222 1.455 1.446 1.420 1.380 1.327 1.266 1.199 1.130 1.062 
1.249 1.426 1.418 1.394 1.356 1.307 1.250 1.188 1.123 1.059 
1.309 ,. 1.369 1.362 1.342 1.310 1.268 1.219 1.165 1.109 1.052 
1.396 i 1.301 1.296 1.280 1.254 1.221 1.181 1.137 1.091 1.044 
1.484 1.247 1.243 1.230 1.210 1.183 1.151 1.115 1.076 1.037 
1.571 1.203 1.200 1.190 1.173 1.151 1.125 1.096 1.064 1.0.31 
3.142 1.008 1.008 1.007 1.007 1.006 1.005 1.004 1.003 1.001 

Gm= 8000.000 lbm/sec. ft"2 A (ft"2) = 3.451 mdot(lm/sec)= 27607.757 
A(anl.,ft"2l= 109.630 V (ft/sec) = 5.475 VHead(DSi)= 0.149 rho(lm/ft"3)= 46.000 

v (ft/sec) = 173.913 VHead(psi)= 150.029 a (ft"3/sec)= 600.169 
BLOWDOWNF= 30231.984 lmf ratio = 1009.193 



blowdown force 

90 100 110 120 130 140 150 160 170 180 
b/D = 0.177 W (inches)= 21.938 d Cinches) = 25.154 
0.307 Y(H3)/D = 1.022 Ymax/D = 1.249 
0.785 0.873 0.960 1.047 1.134 1.222 1.309 1.396 1.484 1.571 

o~884 0.634 0.447 0.307 0.202 0.123 0.067 0.029 0.007 0.000 
0.887 0.639 0.453 0.313 0.208 0.130 0.074 0.036 0.014 0.007 
0.896 0.653 0.470 0.333 0.229 0.151 0.095 0.057 0.035 0.028 
0.896 0.653 0.471 0.333 0.229 0.152 0.096 0.058 0.036 0.029 
0.908 0.675 0.498 0.363 0.261 0.184 0.128 0.091 0.069 0.062 
0.916 0.688 0.515 0.382 0.281 0.205 0.150 0.112 0.091 0.084 
0.923 0.702 0.533 0.402 0.302 0.227 0.173 0.135 0.114 0.106 
0.938 0.732 0.573 0.448 0.352 0.279 0.225 0.188 0.167 0.160 
0.951 0.764 0.615 0.498 0.406 0.335 0.283 0.248 0.227 0.220 
0.963 0.794 0.658 0.549 0.462 0.395 0.345 0.311 0.291 0.284 
0.972 0.823 0.699 0.599 0.518 0.455 0.408 0.375 0.356 0.350 
0.980 0.849 0.738 0.647 0.573 '- 0.514 0.470 0.439 0.421 0.415 
0.985 0.871 0.774 0.692 0.624 0.571 0.530 0.501 0.484 0.478 
0.989 0.891 0.806 0.733 0.672 0.623 0.586 0.559 0.544 0.539 
0.992 0.903 0.826 0.759 0.703 0.658 0.623 0.598 0.584 0.579 
0.992 0.908 0.834 0.769 0.715 0.672 0.638 0.614 0.599 0.595 
0.995 0.923 0.858 0.802 0.754 0.715 0.685 0.663 0.650 0.646 
0.996 0.935 0.880 0.831 0.789 . 0.754 0.728 0.708 0.697 0.693 
0.997 0.939 0.886 0.839 0.799 0.766 0.740 0.721 0.710 0.706 
0.997 0.945 0.898 0.856 0.819 0.789 0.765 0.748 0.738 0.735 
0.998 0.954 0.914 0.877 0~846 0.819 0.799 0.784 0.775 0.772 
0.999 0.962 0.927 0.896 0.869 0.846 0.828 0.815 0.807 0.804 
0.999 0.968 0.938 0.912 0.889 0.869 0.853 0.842 0.835 0.833 
1.000 0.999 0.997 0.996 0.995 0.994 0.993 0.993 0.992 0.992 
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blowdown force • 
F .(lmf) - 11482.553 lFORr.i::: INTEGR ,1 \ 

0.287 0.579 0.268 0.155 
BOTTOM 0.000 6.574 4.853 6.739 7.594 3 .. 266 6.339 2.056 4.544 

* 25.000 5.484 12.198 5.995 9.437 2.522 6.664 1.489 4.572 
* 25.000 3.302 37.755 3.815 12.641 1.559 7.080 0.889 4.540 
* 25.000 3.231 38.225 3.708 12.695 1.523 7.083 0.869 4.536 
• 25.000 1.120 26.203 0.988 11. 768 0.490 6.678 0.288 4.270 

H5 24.916 17 .814 10.084 6.147 4.030 
(B-T) (180-0) (C-S) (170-10) (0-R) (160-20) (E-0) (150-30) (F-P) 

H5 24.916 0.000 17.814 0.000 10.084 0.000 6.147 4.030 
15. 705 0.861 12.825 0.649 8.473 0.393 5.556 0.248 3.762 
8.182 1.903 7.439 1.533 5.872 1.019 4.356 0.681 3.165 
5.199 2.487 4.'912 2.072 4.210 1.459 3.382 1.018 2.605 
3.658 2.873 3.516 2.440 3.144 1.780 2.651 1.281 2.132 
2.732 3.152 2.651 2.709 2.427 2.023 2.109 1.489 1.747 
2.119 3.364 2.067 2.915 1.920 2.213 1.701 1.655 1.437 
1.685 3.530 1.649 3.077 1.545 2.364 1.386 1.790 1.188 
1.363 3.663 1.336 3.207 1.260 2.486 1.140 1.900 0.986 

H3 1.182 3.741 1.160 3.284 1.096 2.559 0.996 1.966 0.866 
1.115 3.771 1.095 3.313 1.036 2.586 0.942 1.991 0.821 
0.919 3.859 0.903 3.400 0.857 2.669 0.783 2.066 0.685 
0.762 3.933 0.749 3.473 0.712 2.737 0.652 2.129 0.573 

TOP I 0.719 3.953 0.707 3.493 0.672 2.756 0.616 2.146 0.541 
0.172 0.300 0.226 0.162 

F (lmf) = 8601.958 (FORCE ABOVE H5) 

* Near the recirculation suction nozzle, flow separation occurs on the outer wall of 
the shroud. The pressure within the flow separated re1 1ion is nearly constant and close to 
the pressure at H5 weld location. 

ThA fnrr.As ~re ralri 1latorl fnr thA h~lf •· .. nf th A shrot1rl ~ - . ,, .. ,. 



blowdown force 

0.091 0.052 0.026 0.011 0.003 
1.366 3.113 0.919 2.055 0.605 1.249 0.369 0.591 0.175 
0.968 3.095 0.648. 2.037 0.426 1.238 0.260 0.586 0.123 
0.571 3.019 0.381 1.981 0.251 1.205 0.153 0.571 0.073 
0.558 3.015 0.372 1.978 0.246 1.204 0.150 0.571 0.071 
0.186 2.847 0.125 1.878 0.083 1.149 0.051 0.546 0.024 

2.719 1.807 1.111 0.530 
(140-40) (G-0) (130-50) (H-N) (120-60) (1-M) (110-70) (J-L) (100-80) 

2.719 1.807 1.111 0.530 
0.165 2.580 0.112 1.731 0.075 1.070 0.046 0.512 0.022 
0.467 2.260 0.323 1.554 0.218 0.975 0.135 0.470 0.065 
0.719 1.936 0.507 1.366 0.346 0.871 0.216 0.424 0.104 . 
0.926 1.637 0.662 1.182 0.457 0.765 0.287 0.376 0.139 
1.095 1.375 0.794 1.013 0.553 0.664 0.350 0.329 0.170 
1.234 1.153 0.904 0.861 0.634 0.571 0.404 0.284 0.196 
1.349 0.965 0.997 0.730 0.704 0.488 0.450 0.244 0.219 
1.443 0.809 1.074 0.616 0.763 0.415 0.489 0.208 0.239 
1.501 0.714 1.121 0.546 0.798 0.369 0.513 0.186 0.251 
1.522 0.678 1.139 0.519 0.812 0.351 0.523 0.177 0.256 
1.588 0.568 1.193 0.437 0.854 0.297 0.551 0.150 0.270 
1.643 0.477 1.239 0.368 0.889 0.250 0.575 0.127 0.282 
1.658 0.451 1.251 0.349 0.899 0.237 0.581 0.120 0.286 
0.111 0.070 0.039 0.017 0.004 
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blowdown force 

MOMENT INIEGRAL 

(8-T) (180-0) (C-S) (170-10) (D-R) (160-20) (E-0) (150-30) (F-P) 

H5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.666 0.014 0.544 0.012 0.359 0.008 0.235 0.005 0.159 
1.061 0.089 0.964 0.077 0.761 0.056 0.565 0.040 0.410 
1.128 0.185 1.065 0.166 0.913 0.130 0.734 0.097 0.565 
1.113 0.283 1.070 0.259 0.956 0.211 0.806 0.164 0.648 
1.069 0.378 1.038 0.351 0.950 0.294 0.826 0.235 0.684 
1.015 0.469 0.990 0.439 0.919 0.376 0.814 0.307 0.688 
0.954 0.555 0.933 0.523 0.875 0.454 0.785 0.376 0.672 
0.890 0.635 0.873 0.602 0.823 0.528 0.744 0.443 0.644 

H3 0.845 0.689 0.829 0.655 0.784 0.578 0.712 0.488 0.619 
0.826 0.710 0.811 0.676 0.767 0.598 0.698 0.506 0.608 
0.761 0.779 0.748 0.744 0.709 0.662 0.648 0.565 0.567 
0.697 0.843 0.686 0.806 0.652 0.721 0.597 0.619 0.524 

TOP 0.678 0.862 0.667 0.825 0.634 0.739 0.581 0.635 0.510 
Yi= 0.218 0.236 0.268 0.296 

Fi*YI = 0.038 0.071 0.061 0.048 
MOMENT= 530452.27 

y .. 61.666 inches 

The ;-;-;.-... 11 Is ,.a1,.. .1 ...... ...i fnr the half nf the ~hrnrni ..... _ ,. .... 



blowdown force 

(140-40) (G-0) (130-50) (H-N) (120-60) (1-M) (110-70) (J-L) (100-80) 
. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.003 0.109 0.002 0.073 0.002 0.045 0.001 0.022 0.000 
0.028 0.293 0.020 0.201 0.014 0.126 0.008 0.061 0.004 
0.071 0.420 0.051 0.296 0.035 0.189 0.022 0.092 0.011 
0.124 0.498 0.091 0.360 0.064 0.233 0.041 0.114 0.020 
0.182 0.538 0.136 0.396 0.097 0.260 0.062 0.129 0.030 
0.242 0.552 0.184 0.412 0.132 0.273 0.085 0.136 0.042 
0.301 0.546 0.232 0.413 0.168 0.276 0.109 0.138 0.054 
0.359 0.528 0.279 0.403 0.204 0.271 0.133 0.136 0.066 
0.397 0.510 0.311 0.391 0.228 0.264 0.150 0.133 0.074 
0.413 0.502. 0.324 0.385 0.238 0.260 0.156 0.131 0.077 
0.464 0.470 0.366 0.362 0.271 0.246 0.178 0.124 0.089 
0.512 0.436 0.406 0.337 0.301 0.229 0.199 0.116 0.099 
0.526 0.425 0.417 0.328 0.310 0.223 0.205 0.113 0.102 
0.317 0.334 0.345 0.353 0.358 
0.035 0.023 0.014 0.006 0.002 

.. 
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T~LE i. 

:u 01 Ol-07-94 zo. 421 • A p 4 8 0 7 - - ·QUAD CITIES HORIZONTAL IEl8"1C BEA" "ODEL- E-W Diii. PAH 120 

·•••"DDAL D I 8 , L A C E " E N T • U " " A II Y T A B L E •••• 

IODE CIRCULAR "A>< "ODAL NODE DE& OF "A>C DYN NODE DEG OF "A>C DYN C~SE 1-
IBER FREQUENCY FREQUENCY PERIOD A"PLITUDE NU"BEll FllEEDO" DISPLACE"T NU"BEll FREE DO" ROTATION 

l llADITl"E) lHEllTZ) l Tl "E) 
k.c, = 0 

1 1. Hl3E 01 3.0110E 00 3. 3131E-01 1 ...... 9E-01 29 3.9S37E-02 19 s 1.IOGIE-01 ~v 

2 2.9901E 01 4. 123H 00 2.4211E-01 1.3413E-01 24 l.401E-02 24 s 1.0S'41E-02 
3 2. 1114E 01 4. I 674E 00 2.3H6E-01 1.6311E-01 11 4. 6212E-02 19 I l.I007E-03 ~~c-~ \'>1 ark) 4 3.4011E 01 l.4130E 00 1 .1474E-01 7.6171E-01 31 l.0162E-02 24 I 1.1427E-03 
I 3.HOOE 01 I.HOH 00 I. 5747E-01 S.0037E-OI 15.1121E-02 17 15 4.3276E-03 
I 4. 2011E 01 l.H42E 00 l.4931E-OI 1. 1150E-OI 3.27HE-02 17 15 l.9091E-03 
7 1.1201t 01 i.71551 ao 1.13 

• l.24S7E 01 9.9404! 00 I. OOIOE-01 S. HUE-03 II 7.0311£-04 17 I 1.1321E-04 

• 7.HOH 01 I .Z19H 01 l.Z017E-OZ 3.H1H-03 40 1. 1947E-03 24 I 3.'4'417E-07 
10 l.Hl7E 01 I .421H 01 7.0135E-02 1 . 7H21E-02 1 3.9470E-03 24 I 1.t710E-04 
II 9.lllU 01 1.94HE 01 l.4HH-02 3. IH1E-02 1 I. H77E-03 II 15 7.0294E-OI 
II I .Ol40I 02 1.177H 01 l.HUE-02 l.IHH-04 21 7.4142E-OI 20 I 1. 1331E-OI 
u 1.11141 GI I. IOIH 01 9.13111-02 4.094H-OI 19 1. 371 H-OI II I l.&726E-OI 
14 1.21411 02 '. 14941 01 I. IHH-02 1.12471-03 21 I. llOOE-04 20 I 1. 4711E-OI 
II 1.344H 02 2. IHH DI 4.173H-D2 l.31431-D3 21 1. 04HE-03 20 I 1. IHH-04 
ii I. S71tl DI 2.19411 DI 4.HHl-02 3.0HIE-04 31 I. 17HE-D4 " I 4.11011-07 

" 1.H2H 02 2.ZOIOI 01 4.8434E-D2 2.57111-04 II l.20S7E-04 '1 I I .HHE-01 
.II I .HOH DI l.43HI DI 4.10HE-OZ 1.14111-03 21 l.IOHE-04 24 9 1. HOH-04 
II 1.11171 DI 1.73011 01 3. IHU-DZ I. lllDE-OI 23 l.OHH-09 .24 9 2.13HE-015 
IO I .HOH DI 1.11111 01 3.37111E-02 3.11111-04 31 1.70211-04 24 9 l.771DE-07 



w 01 06-01-9 .. 17 ... 62 8 A p .. 8 0 7 - - QUAD CITIES HORIZONTAL BEIS"IC BEA" "DDEL- E-W DIR. CASE 1 S PA8E 120 

•••• " 0 D A L D I 8 p L A c E " E N T 8 U n n A R y T A I L E •••• 

:'!ODE CIRCULAR "AX "ODAL NODE DH Of "AX DYN NODE DEG OF "AX DYN 
'11ER FREDUENCY FREQUENCY PERIOD AnPLITUDE NU"IER FREEDO" DIBPLACE"T NUnBER FREE DO" ROTATION 

UAD/Tl"Et CHHTZt c ""Et 
I • 12111:-111 Z,illZJE-H J ,iUIHE Ill 2,IHJH·llJ @ 1.nRH-R2 JI !I i, J!IH~-H 
2 1. 1963E 01 3.0UOE 00 3.31HE-OI l.9 .... 7E-01 3.9S32E-02 17 s I. 31 .. 1 E-OS 
3 2.HHE 01 4. 12HE 00 2.4233E-OI I. OI03E-01 24 7.0HIE-02 2 .. s l.lllOE-03 
4 3.0IHE 01 4.IHIE 00 2.0H7E-OI 4.0&32E-01 " I. 2131 E-01 17 s 2. 3162E-02 
II 3.41HE 01 S.4316E 00 I .1394E-OI l.OlllE-01 31 I. HllE-02 17 s I . I 7IOE-02 
6 4.00l7E 01 6.31DIE 00 1.S674E-OI 4. HHE-01 31 4.4231E-02 17 II 3.S226E-03 
7 S.S201E 01 I. 7H4E 00 I. I 312E-OI 4.l .. 27E-02 30 l.2311E-02 17 s l.1741E-04 
I I. 1774E 01 9.1316E DO l.0171E-OI 4.3202E-03 IS S.2169E-04 17 s I. 0706E-04 
I 7.l .. 21E 01 I. 13671E 01 1.717 .. E-02 3.4139E-03 II e.316&E-04 19 s 7.9477E-OS 

10 7.HOIE 01 I. 2113E 01 l.2017E-02 2.U27E-03 40 l.2HSE-O" 24 s 2.7444E-07 
II l.IHH 01 l.4210E 01 7.0IHE-02 I. 9230E-02 1 4.2H4E-03 24 s 2.1332E-04 
12 l.HllE 01 l.S41eE 01 l.OllE-02 3.IOOIE-02 1 1. 331SE-03 II 15 7.620IE-Oll 
13 I .OHIE 02 1.IHIE 01 S.13"3E-02 l.1641E-04 21 S. HHE-011 20 II l."309E-06 
14 I .IOllE 02 I .1207E 01 S.2014E-02 3.3044E-Oll " 1.0llH-OS 11 s 4.S364E-OI 
IS I. 2241E 02 1 .1494E DI S. 1291E-02 I .1217E-03 21 1.2960E-04 20 s I. 6321E-OS 
11 I. 34HE 02 2. 1412E DI 4.H94E-D2 1.4224E-03 21 I. 0914E-03 20 s I. 2HOE-D4 
17 I .37HE 02 2.1941E DI 4. SSllE-02 2.HS4E-04 39 I . 1 D70E-04 20 9 4.2231E-07 
II I .HOH 02 2.4H4E 01 4. IDl1E-D2 I. 1411 E-03 21 S.S29DE-D4 24 s I. llllE-04 
11 1. 7D7H 02 2.7112E 01 3.S7HE-D2 I. 4 I "3E-OS 23 4.7D4SE-OS 24 s 2.4171E-Oll 
20 1.HD7E 02 2. Ill 4E. DI 3.3711E-02 3. HIOE-04 31 1.7341E-04 II s S.1771E-D7 



5V 01 06-01-94 

•••• " 0 D A L 

~ODE CIRCULAR 
~IER FREQUENCY 

UAD/Tl"E) 

1 1.H19E-01 
2 l.S306E-01 
3 1.1963E OJ 
4 2.&921E 01 
5 3 I 1020E 01 
6 3.4161E 01 
1 4.0092E 01 
I 5.5201E 01 
9 6. 1171E 01 

10 7.6601E 01 
11 • I 1525E 01 
12 9.0340E 01 
13 9.6197E 01 
1'11 1 . 07 JIE 02 
15 1.2195E 02 
16 I . 22"'9E 02 
17 1 . 3716E 02 
11 I . 3102E 02 
19 1 . 5313E 02 
20 1.7207£ 02 

• 
17.162 S AP 1 G 0 7 - - QUAD CITIES HORIZONTAL SEIS"IC BEA" "ODEL- E-W DIR. CASE 16 

D I S P L A C E ff E N T 

FREQUENCY 
CHERTZJ 

z. 30l2E-02 
1. 3577E-01 
3.0JIOE 00 
4. 1266E 00 
4.9370£ 00 
5.4310E 00 
6. 3101E 00 
I. 7154E 00 
9.1412E 00 
1. 2193£ 01 
1. 2975£ 01 
1. 4371E 01 
1.5422E 01 
1.7051E 01 
1. 9409E 01 
1. 9495E 01 
2.1942E 01 
2. 1966£ 01 
2.4371E 01 
2.7316£ 01 

PERIOD 
C Tl"EJ 

1 I HUE 01 
7. 36HE 00 
3. 313&E-01 
2.4233E-01 
2.0255E-01 
1. 1319E-01 
1.5672E-01 
1.1312E-01 
1.015 .. E-01 
l.2017E-02 
7.7071E-02 
6.9551E-02 
6. 044E-02 
5.1622E-02 
5. 1523E-02 
5.1296E-02 
... 5576£-02 
... 5525E-02 
... 1033E-02 
3. 6515E-02 

T A I L E •••• 

"AX "OOAL NODE DEG OF "AX DYN NODE DEG OF "AX DYN 
A"PLITUDE NU"IER FREEDO" DISPLACE"T NU"BER FREEDO" ROTATION 

1.161!5E-01 
1. OHE-01 
2. 1766£-01 
9.0912E-02 
5. 6619E-01 
7.3037E-OJ 
5. 13IOE-01 
... 2025£-02 
4. 7916E-03 
2.1 .. 941£-03 
I. 3019E-03 
1. 1247E-02 
2.9455E-02 
9.95541E-05 
1. 5122E-05 
2.1267E-03 
9. 1815£-04 
I . 25"5E-03 
7.9067E-03 
1. OIOE-04 

29 
241 

" 31 
31 
30 
11 
40 
15 

I 
1 

21 
19 
21 
39 
21 
21 
23 

Z.9711E-02 
5.7015E-02 
4.420E-02 
15.94120E-02 
1I6166E-01 
7.7567£-02 
5.3232E-02 
1. 061 .. E-02 
6.4961E-04 
9.317 .. E-04 
1.41493E-03 
41.2731E-03 
l.5265E-03 
3.5319E-05 
4.1092E-06 
I. 20 .. 2E-04 
3.2009E-04 
I. "OllE-04 
6.9704E-04 
5.4462E-05 

11 
JI 
17 
241 
17 
17 
17 
17 
17 
24 
19 
II 
18 
20 
11 
II 
20 
20 
24 
241 

5 
a 
a 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

3. 1111£-03 
3 I "721E-03 
1 I 5"30E-05 
7.41262E-03 
3. 24161 E-02 
1. 1053E-02 
4 I 3625E-03 
1.0263£-04 
1 I 1562E-04 
2.9334E-07 
2.4562E-O" 
2. 1210E-041 
1.0650£-041 
". 5519E-06 
2.0252E-06 
2.5174E-05 
3.6136E-05 
I. 0350E-04 
1.5746E-04 
2.1562E-05 
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