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This Technical Evaluation Report (TER) presents the results df the,

post-implementation audit of the Plaat. Unique Analysis Report (PUA3) for the,

Quad Cities Nuclear Generating Station Units 1 and 2. The corit'ents of the PUAR''

were compared against the hydrodynamic load Acceptance Criteria (AC) contained

in NUREG-0661. The .TER summarizes the audit findings (Table 1), and discusses

the nature and status of any exceptions to the AC, identified during the audit

(Table 2). '
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1. INTRODUCTION

The suppression pool hydrodynamic loads associated with a postulated loss-

of-coolant accident (LOCA) were first identified during large-scale testing of

an advanced design, pressure-suppression containment (Mark III). These

additional loads, which had not explicitly been included in the original Mark I

containment design, result from the dynamic effects of drywell air and steam

being rapidly forced into the suppression pool (torus). Because these hydrody-

namic loads had not been considered in the original design of the Mark I con-

tainment, 6 detailed reevaluation of the Mark I containment system was required.

A historical development of the bases for the original Mark I design as

well as a summary of the two-part overall program (i.e., Short Term and Long

Term Programs) used to resolve these issues can be found in Section 1 of Refer-

ence 1. Reference 2 describes the staff's evaluation of the Short Term Program

(STP) used to verify that licensed Mark I facilities could continue to operate

safely while the Long Term Program (LTP) was being conducted.,

The objectives of the LTP were to establish design-basis (conservative)

loads that are appropriate for the anticipated life of each Mark I BWR facility

(40 years), and to restore the originally intended design-safety margins for

each Mark I containment system. The principal thrust of the LTP has been the

development of generic methods for the definition of suppression pool hydrody-

namic loaoings and the associated structural assessment techniques for the Mark

I configuration. The generic aspects of the Mark I Owners Group LTP were com-

pleted with the submittal of the " Mark I Contaliiment Program Load Definition Re-

port" (Ref. 3) and the " Mark I Containment Program Structural Acceptance Guide"

(Ref. 4), as well as supporting reports on the LTP experimental and analytical

tasks. The Mark I containment LTP Safety Evaluation Report (NUREG-0661)
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presented the NRC staff's review of the generic suppression pool hydrodynamic

load definition and structural assessment techniques proposed in the reports

cited above. It was concluded that the load definition procedures utilized by

the Mark I Owners Group, as modified by NRC requirements, provide conservative

estimates of these loading conditions and that the structural acceptance crite-

ria are consistent with the requirements of the applicable codes and standards.

The generic analysis techniques.are intended to be used to perform a

plant-unique analysis (PUA) for each Mark I facility to verify compliance with

the acceptance criteria (AC) of Appendix .a. to N'JP.FG-0661. The objective of this

study is to perform a post-implementation audit of the Quad Cities plant-un&que

analysis (Reference 5) against the hydrodynamic load criteria in NUREG-0661.
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2. POST-lMPLEMENTATION AUDIT SUMMARY

The purpose of the post-implementation audit was to evaluate the

hydrodynamic loading methodologies which were used as the basis for modifying

the pressure suppression system of the Quad Cities Nuclear Generating Station

Units 1 and 2. The Quad Cities PUAR methodologies (Reference 5) were compared

with those of the LDR (Reference 3) as approved in the AC of NUREG-0661

(Reference 1). The audit procedure consisted of a moderately detailed review of

the plant unique analysis report (PUAR) to verify both its completeness and its

compliance with the acceptance criteria. A list of requests for further

information was submitted (Reference 6), and answers were obtained at a meeting

with the licensee (Reference 7).

Table I summarizes the audit results. It lists the various load categories

specified in the AC, and indicates plant-unique information through the

references, in the right-hand column, to the notes which follow in the text.

.

-3-

|

_



_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ . _ . _. . . _ _ . . _ _ _ _ _ _ _ _ . _ _ _ . . _ . . . . _ ... , . . . . - _ - _ . - _ . .._

o

,

'

.

| . ,

-

,
- :

I
i

i CRITERI A
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30 a J 4,

*4 4'
LOADS

i

CONTAltitlENT PRESSURE a TEMPERATURE 2.1 7. ,

VENT SYSTEM THRUST LOADS 2.2 V4

,

{
POOL SWELL

! TORUS NET VERTICAL LOADS 2.3 #

| TORUS SHELL PRESSURE HISTORIES 2.4 /
! L VENT SYSTEM IMPACT AND DRAG 2.6 / /

'

IMPACT AND DRAG ON OTHER STRUCTURES 2.7 /
i FROTH IMPlNGEMENT 2.8 / 'y '

POOL FALLBACK 2.9 V
| LOCA JET 2.14.1 j 3
j LOCA BUBBLE DRAG 2.14.2 j

VENT HEADER DEFLECTOR LOADS 2.10 / ;

j

i
\

t

i TABLE 1. LOAD CHECKLIST FOR POST-lMPLEMENTATION AUDIT
i
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CRITERI A

m5 3G W

t<Io mm-

OH p< z w.

'
M T 1 z

ao a J 44 4LOADS

T-OUENCHER LOADS

DISCHARGE LINE CLEARING 2.13.2 /
TORUS SHELL PRESSURES 2.13.3 / (o

4 JET LOADS ON SUBMERGED STRUCTURES 2.14.3 /
'

AIR BUBBLE DRAG 2.14.4 V 3, 7
THRUST LOADS ON T/Q ARMS 2.13.5 /
S/RVDL ENVIRONMENTAL TEMPERATURES 2.13.6 /

:

]
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DESCRIPTION

| RESSION POOL TEMPERATURE 2.13.8 /g

SUPRESSION POOL TEMPERATURE 2.13.9 / g2 MONITORING SYSTEM

DIFFERENTIAL PRESSURE CONTROL.
7' SYSTEM FOR THOSE PLANTS USING A

3 DRYWELL-TO-WETWELL PRESSURE 2.16 '7 7 |DIFFERENCE AS A POOL SWELL
MITIGATOR

SRV LOAD ASSESSMENT BY4 2.13.9 f jgIN-PLANT TEST

TABLE 1. (CONTINUED)
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Notes to Table 1

Number

1 The Acceptance Criteria do not provide a separate procedure for

calculating pool swell impact on spherical structures such as the main

vent-to-vent header junction in Quad Cities. In the PUAR, the

spherical junction was modeled as a series of cylinders edth axes

along the main vent centerline. Acceleration drag, buoyancy and

velocity drag were calculated using AC methodology for cylinders.

This procedure was f~ und acceptable. ~
o

2 For some structures, Region I froth loads were calculated using the

higt.-speed QSTF movies. This alternative is outlined in Appendix A of

the AC.

3 Instead of the equivalent cylinder procedure specified in the AC to

calculate acceleration dran volumes on sharp cornered submerged

structures, the PUAR selected alternate modeling of the structures and

used published acceleration volumes. The discussion in Section 3.1

explains why this procedure was found acceptable.

4 To calculate C0 and post-chug loads on the torus shell as well as on

submerged structures, the 50 individual load harmonics were combined

using a random phasing technique instead of the absolute summation

specified in the AC. The discussion of Section 3.2 describes why this

alternate method was found acceptable.

-8-
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5 To account for FSI effects during C0 and chugging submerged structure

loads, the AC suggested adding torus boundary accelerations directly

to local fluid accelerations. Instead, the applicant used a method

which calculated FSI accaleration fields anywhere in the torus based

on knowing the boundary accelerations. This method, which has been

accepted during previous PUAR reviews, is discussed in Section 3.3.

6 The analytical model to calculate SRV torus shell loads approved in

the AC was modified slightly before being applied to Quad Cities. The

purpose of the modifications was to more closely bound the sressure

traces observed in the Monticello tests on which the modci is based.

These changes have been found acceptable. SRV tests conducted in the

Dresden plant further confirm that the analytically obtained loadings

for Quad Cities are conservative.

7 For SRV air bubble drag loads, the applicant reduced the AC bubble

pressure bounding factor of 2.5 to 1.75. This still bounded peak

positive bubble pressure and maximum bubble pressure differential from

the Monticello test data. Dynamic load factors were derived from

Dresden's in-plant SRV test data. These modifications have been found

acceptable and are discussed in more detail in Section 3.4.

8 The new SPTMS is acceptable. As stated in Section 1-5.2 of the PUAR,

the applicant has committed to perfo'm a separate analysis demon-

strating that delayed operator action ' based on SPTMS readings will not

cause the supp ession pool temperature to exceed the limit specified

in NUREG-0783.

.g.
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Number

9 In order to reduce torus shell pressures caused by DBA pool swell, a

minimum positive pressure difference of 1.0 psi is maintained between

the Quad Cities drywell including the vent system, and the torus air

space. According to Technical Specifications, the plant is required

to come to shutdown if the main ap system fails.

10 SRV tests performed in the Dresden plant, dich is very similar to

Quad Cities, were used to confirm that the analytically derived SRV

shell loads for Quad Cities are conservative and to deduce dynamic
'

load factors for submerged structures.

|
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3. EXCEPTIONS TO GENERIC ACCEPTANCE CRITERIA

Quad Cities Units 1 and 2 are two of several plants analyzed by NUTECH

Engineers, Inc. based on an essentially common hydrodynamic loading methodology

(Fermi, Duane Arnold, Monticello and Dresden are other plants in this group).

The methodology differs from the generic acceptance criteria of NUREG-0661 in

four major areas which are listed in Table 2. ,

In what follows, each of these areas is discussed in detail, and the bases

for the resolutions of the differences indicated.

-

B
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Table 2: Issues Identified During Audit as Exceptions to

the Generic Acceptance Criteria

Issue No. Description Status

Resolved Open

1. Use of acceleration drag volumes whicn X

differ from those approved in the AC to -

determine drag on sharp cornered struc-
-

tures.

2. Phasing of load harmonics used to analyze X

structures affected by C0 and post-chug

loads.

3. FSI methodology used for C0 and chugging X

submerged structure loads.

4 Use of calibration factors developed from X

Dresden in-plant tests for use in defining

SRV submerged structure drag loads.

-12-
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3.1 Accekration ) rag Volumes for Sharp Cornered Structures'

The Acc aptance Criteria 2.14.2 section 2b in NUREG-0661 states that drag

forces on structures with sharp corners (e.g. rectangles and "1" beams) must be

computed by considering forces on an equivalent cylinder of diameter

Deq=2U2 Qax eere Qgx is the maximum transverse dimension. The

intent of this criterinn is to provide a conservative bound (based on very lim-
t

ited data) that includes non-potential flow <affects such as vartex shedding on

both the acceleration drag due to hydrodyncmic mass and the " standard" drag pro-

pnrtionzl to velocity se,uared. Since the dominant load for the Ring Beam (the

primar.y non-cylindrical structure) is acceleration drag, the issue concerns only

the hydrodynamic mass or acceleration volume and not the drag coefficient in the

Quad Citias plant-specific case.

De Pl!AR S;atEs that ";;ublished" scceleration drag volun.es listed in Table

1-4.1-1 are used for sharp edgea structures rather than the equivalent cylinder

specified in the acceptance criteria. Tne d& tailed response to a Request for

Information (Item 1) explains that nodehog of the actual structuras is neces-

sary, and in particJiar, fo*ces on the web of the ring beam are obtained by

modelling the beam by a circJrscribtd rectongle. In order to evaluate the

implications of this modellir.g, savlc calculations were performed on the ring-

beam for the post-chug loadin g condition.

A direct application of the Quad Cities POAR methodology leads to an accel-

eration volume of 7.19 ft3 for in-plane forces en the maxirrally loaded ring

beam segerent. A model that more accurately represents the interference effect

3but uses acceleration volumes from Tablel-4.1-1 gives a volume of 3.93 ft ,

thus providing a substantial margin for possible non-potential flow effects.

For the out-of-plane forces, the POAR model given an acceleration volume of 66.4

3ft , sile a similar modelling of the stracture but using more realistic

-13-
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3interference corrections yields a transverse acceleration volume of 61.5 ft .

While this leaves very little margin for non-potential flow corrections, in the

parameter range of CO and pcst-chug acceleration spectrum ' Aere the major energy

is ccccentrated, the flow is expected to be very nearly potential. in addition,

the use of single mode dynamic load factors, as explained in response to RFI

item 2, provides additional sLbstantial conservatism up to a factor of 2. The

conservative application of the AC equivalent cylinder model anc interference

correction to the hydrodynamic volume alone, while retaining the real volume for .

.

the " effective buoyancy" effect, gives an effective acceleration valute of 106.8
P

3f t , whicn yields out-of-plane' loads 61% higher than those predicted by the -

PUAP. Because of the parameter range in the Quad Cities plants and the conser. .

vative application of these loads, the potential non-conservatism on the accele- [

ration vo7umes is adequately balanced by the conservatisms in the interference
e

corrections and the load application.

f On tne basis of these comparisons we conclude that while the direct use of

" published" acceleratior, volumes for sharp edge structures may not in general

lead to conservative loads, the PUAR methodology for the application of these '

loads to the relevant stractures, has sufficient conservatism to bound any hy.

drodynamically produced stresses that could arise in these structures.
|

) 3.2 C0 and Post-Chug Harmo9f c Phasing

The DBA condensation oscillation and the post-chug load definitions on the

torus shell and on submerged structures, accepted in the NUREG-0661, were based [

on data from a series of blowdowns in the FSTF facility (NEDE-24539), subject to ;
.

'

additional confirmatory tests reported in the General Electric Letter Report ;

M1-LR-81-01 of April 1981. j

.

-14-
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The condensation oscillation load definition as described in NE00-21888 is

based on taking the absolute sum of 1 Hertz components of a spectrum from 0 to

50 Hz. Three alternative spectra are to be calculated with the one producing

maximum response used for load definition. The procedure was found acceptable

in the supplement to the SER (NUREG-0661), because the demonstrated high degree

of conservatism associated with the direct summation of the Fourier components

of the spectrum was sufficient to compensate for any uncertainties concomitant

with the data available. The post-chug load definition is based on bounding

FSTF chugging data but otherwise follows similar procedures to those used in the

CO load definition.

The PUAR uses a factor of .65 to multiply the C0 and post-chug loads com-

puted on the basis of the absolute sum of the harmonic components. The justifi-

cation is based on comparisons of measured and predicted stresses in the FSTF

facility using statistical studies of different phasing models (References 8, 9,

10,11). The factor .65 is chosen to give 84% non-exceedance probability with a

confidence level of 90%. The PUAR does use an additional spectrum, Alternate 4,

for the C0 loading, based on test M12 from the supplementary tests reported in

the letter report M1-LR-81-01. The information in Table 1-4.1-4 of the PUAR

provides additional justification to show that the computed loads (using the .65

factor and Alternates 1 through 3) bound the measured stresses at critical

points in the FSTF facility by lit for axial shell stress to 69% for column

force. The use of Alternate 4 in the Quad Cities plants provides an additional

censervatism of about 20% to the shell response. The use of random phasing in

the time domain for TAP (Volumes 6 and 7 of the PUAR) coupled with a factor of

1.3 for alternates 1, 2, and 3 and a factor 1.15 for alternate 4 is consistent

with the results of Reference 10 and conservatively bounds all FSTF data.

-15-
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The procedures are a conservative application of the phasing design rules

evaluated in Reference 12 and are therefore found acceptable.

3.3 FSI Methodology for C0 and Chugging Drag Loads

A detailed discussion of the method used to account for FSI effects on con-

densation oscillation and chugging submerged structure loads is provided in Ref-

erence 13. The methodology described in this note is used to compute accelera-

tion fields across a submerged structure anywhere in the torus resulting from

FSI, based on knowing the torus boundary acceleration. The method is presented

as an alternative to the NRC Acceptance Criteria suggestion of adding the bound-

ary accelerations directly to the local fluid acceleration to account for FSI

effects since the latter is deemec too conservative.

The review of the method outlined in Referer.ce 13 has shown it to be rea-

sonable ar.d acceptable. The equations derived for fluid accelerations ar.d pres-

sure fields are plausible approximations for the conditions prevailing in the

suppression pool. Assumed boundary conditions including the driving one at the

torus wall are suitable. Overall trends as well as the acceleration fields de-

picted in the selected results appear reasonable. Therefore, the alternate pro-

cedure used to account for FSI effects on submerged structures is considered ac-

ceptable in this application.

3.4 Calibration of SRY Drag Loads Based on in-Plant Tests

The staff requested clarification of the detailed procedures used to derive

the calibration factors from in-plant tests fcr SRV sutmerged-structure loads.

On the basis of this response, as well as those provided in other PUAR reviews

of NUTECH plants, the staff considers the procedores es an acceptable modifica-

tion of the AC.

-16-
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The SRV bubble pressure data from Monticello tests is shown to be bounded

using a bounding factor of 1.75 instead of the 2.5 specified in the AC. In the

Quad Cities plants, dynamic load factors are derived on the basis of Dresden

in-plant tests. (Dresden is very similar to Quad Cities ir. all essential param-

eters.) A bounding DLF value of 2.5 is then used for all submerged structures.
,

The st.nff considers these procedures to be a reasonable application of the

in-plant test results, and considers any potential uncertainties associated with

the limited data base to be bounded by other conservatisms associated with the

design load calculation procedures.

,

-17-
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4. CONCLUSIONS

A post-implementation pool dynamic load audit of the Quad Cities PUAR has

been completed to verify compliance with the generic acceptance criteria of

NUREG-0661. Four major differences between the PUAR and the AC were identified

along with some other minor issues needing additional clarification. Based on

additional information supplied by the applicant, as detailed in the previous

section, all of these issues were resolved. The review of the Quad Cities PUAR

has been completed with no i$ sues or concerns outstanding.

-12-
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