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SUMMARY

.

The effect of an ATWS transient on the structural integrity of primary
pumps manufactured by Byren Jackson for Babocock & Wilcox nucleéeay raachtar is
evaluated in this report. The primary effect of the transient on the pump
structure is to cause a pressure surgse that peaks ac léss rhan 3750 pail.

The effect of the transient is evaluated by examining stressas caused
by a static pressur. of 3750 psi., Also, a Juantitive estimate of tha
deformation is made to determine the potential for interifarsnce with rotation
of the impeller.

It was found that stress in the flanges, the ciosure, and those portions
of the pump in which the bearings are mounted are within allowable stressas
in accordance with ASME Nuclear Pressure Vessal Code for lLeval C incidents.
Stress in portions of the volute and the diffuser vanes do excesd allowable
stress for Level C incidents, The locaticn and magnitude of these stresses
are presented in this report. These stress levels are well below material
rupturs strength, and closure bolts are within allewable stress limits;
therefore, it is concluded that the structural pressure boundary will not be
violated.

An evaluation of deformation resulting from these stresses shows that
displacements which could affect the rotating Impeller are small compared
to available clearances,

This provides assurance that the structural inctegrity of the primary
pump will be retained, and the post-ATWS function of the primary pumps will
not be impaired by an ATWS pressure pulse, which was determined in

accordance with current NRC guidelines.
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INTROSDUCTION

SCOPE
o — ——t

This cocument addresses the affect ¢f an ATWS pressure trangient
on the atructural integrity of the primary reactor ccolant pumps buile

for the reactors listed in Table 1.

TABLE 1

REACTORS USING BYRON JACKSOM PUMPS

UTILITY BEACTOR
Consumers Power Midlard 1
Co., Midland 2
Arkansas ANGC~1
Power & Light Co,
Florida Power Corp, Crystal River 3
Toledo EdisonCo. Davis Resse 1

A description of the pump and its stress analysis is included.
A comparison of stress in the pressure boundary caused by the worst
ATWS transient is made with allowable stress for Level C incidents.
A guantivative estimate of distortion iz included to detarmine potential
effacts on impeller clearances. Flange seal capabilities are also
evaluated.

Earlier evaluation of the pump is included in tcpical repore
BAW 10099, That report determined the prassure at which stress reached
allowable values for emergency conditions. The re-svaluation herein is
based sn current revised guidelines from NRC for ATWS evaluation.

ASME Allowable Stress

Allowable s:iress for Level C service limits are given in Subsection

4B of Section III, Division 1 of the ASME Prassure Vessel codes. The
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limiting requirements for this application raguires that primary mambrane

stress not excead 1.2 Sm' and that primary membrane plus primary bending

stress not axsesd 1.3 sm,

The pump is made from austenitic stainless steel casting per the
requirements of ASTM A-351 Grade CF8M. The value of Sm for this

o
matarial at 680 F is 16,400 psi. Therefore:

Primary membrane allowable stress = 13700 psi
Primary membrane + primary bending allowable stress = 29500 psi

Irradiation Effacts

tor Lo anaxe

(4!

The primary pumps are suffiziently distant fxom the rea
irradiation effects negligible, therefore material propertiss of gtructural
componants in the pump do not include any modification for ifrradiation

effects.

ATWS Transient
’ The pressure transient resulting from an ATWS event has been

determined using the NRC guidelines of Alternate Number 3 specified in
volume 3 of NUREG 0460. The raesults of this study are included in a letter
report bearing the title "Analysis of 2&W NE3 Response to ATWS Evants';
January 1980.

The above repcrt shows the pressure transient peaks at a prassurs
less than 3750 psi, and that the coolant tamperature does not exceed
660°F, The pump stresses are evaluatad at 3750 psi, and the allowable

stress for the pump materials {s based on a temperature of 660°F.

PUMP DESCRIPTICN

The Byron Jackson pumps ars vertical, single stage, single botiom

sustion, horizontal discharge, centrifugal diffuser casing units with con-
] ;-

trolled leakage mechanical seals, They are driven by squirral cage, verzizal
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AC induction motors. Some of the design features of this pump ars listed

below.

TASLE 2 - PUMP DESICN FARAMETERS

Design Pressure 2,500 psig
Design Tamperature §50°F
Cperating Pressure 2,250 paig
Rated Flow - 4 Pumps Operating 848,000 ¢pm
Maximum Flow 130,000 gpm
pevelopud Head ~ 4 Pumps Operating 327 feet
Suction Mozzle Inner Diameter 28 inches
pDischarge Nozzle Inner Diametsrx 28 inches
Powar Source 6,600 volts, 3 Phase, €0 Hu
Motor Horsepower at Operating Teamp. 6,090 HP
Rotating Speoed | , 1,188 rem

The pump assembly consists of the motor, the driver mount, the rotating
element (coupling, impeller, and shaft], the heat exchanger, the seal
cartridge (and mechanical saals), the cover plate, and the sase,

Each reactor contains four of these pump assemblias Ior the purpose of
racirculacing primary reactor coolant, The pumps are ingtalled in the
cold leg of the piping system between the steam generator and the reactor
vessel.

The general arrangement of the pumps and sketches showing pertinent

details of the pump are shown in Figures 1, 2 and 3.

GE&EEAL.DE§CEIPTIGN OF MATHEMATICAL MCDEL

The pump is modeled in two parts:; pump case and case closure. The pump
case model is a three-dimensional finite element model. This model uses
solid elements for the flanges and diffuser vanes, Shell elemants are used
for zhe volute, and for suction and diszharge nozzles.

wife
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FIGURE 3 BYRON JACKSON PUMP CASING



T TR

..

e =L s bl

et B i L L i e

The case closure is a symmectric Structurs. It is modeled using axisymnes
tric swo-dimensisnal finite element technigques, Zach model includas portions
of the other scructure.

PumpVCasa Modal

.
The pump case model i3 a three-dimensional mathematigal feprasanta-

tion of the pump casing. The model also includes the cover plata byt
does not inelude the covexr plate to pump ca;a boiting. Inatead, the Cover
plate is joined rigidly to the upper flange of the pump ¢aze. The
model's geometry is developad in three phases: The first phase gongints
of drawing a seriss of verticzal cross ssctions througn
In the sescond phass, points (referred to as nedes) are defined on aach
local ceordinate system which form a grid cver the gsometry Of that
section. Elements are defined in the last phaze of modal censiruction.
Two types are usad; shells (triangles or guadrilacterals) and solids
(wedges or hricks). Triangular shell elements are definnd ércm Ehree
nodes while four nodes are reguired to define the guadrilateral.

Foutr computer programs, referrad to as preprocessors, drs usgad,
The preprocessors check the data for undefined nodes, negative nodal
areas or volumes (whizh Andicate either duglicated nodes or badly
gkewad corners), misdefinad materxisl codes, and unspecified thicknesgses

(shell element nodes only).

Element Cefinitions

The pump case portion of the nodal is built frxom 745 shell alsments
and 1,314 solid elements: The cover plate porxicn consizus of 573
solid elements.  3hell alements are connected o 39118 elsments by

means of 116 conatraint sets. & poriion of the pusp CRSE MoCed L8 shown

in Pigure 4.

an ' 1 -




Method of Analysis (Pump Case)

The threa-dimensional finite elament metnod is used to caleulate
stress levals throughout the pump case., TwWo COWPUSEr DIQGrams oarform

the raquired calzulations using as input a threp-digenslional. matia~
matical model of tha pump case to which specified houndary conditcions
are applied,

Highly Stressed Areas !

Structurally, the pump case is a prassure wessel. As such, voluta
wall thicknesses and diffuser vana cross sectional areas are f52 the
most part determined by the design pressure, The high strass areas ot
the pump casa for pressure loading (that is, for primary stress lsvels)
are diffuser vanes seven thru nine, the volute wall at hydraylic sections
seven thru nine, the Aunction of the suction nozzle with the iower flange,

and the junction of the discharge nozzle with the volute and she flanges.

Closure Modal

The finite elemeént model for the closure i an axisymmeteic
pmathematical representation of the components used to clcse the prassure
poundary of the pump zasing. The componants inoluded in the model are
the driver mount lower flange, the hesau exchangser, the geal f£lange, the
lower prassurs breakdown device, the third seal Backup flange, the driver
mount &5 case bolting, and the heat exchanger to driver mount belting,

The case closure portien of the rodel consists of 123 axigymmetric
»ing elements {guadrilaterals or triangles) which are defined by 389
nodal points, The driver meunt consisvs of 174 alements, the case uppex

lange consists of 40 slements, and the stvd and nut consists of 76
elements a8 shown in Figures 4 and 5,

Mathod of Anslysis - Case Closure

1 -

An axisymmatric finits element computex zrogram 5 amploved t

5 - -
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* CENTROID STRESS INTENSITIES
VANES - PLANE A
FIGURE 6
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CENTROID STRESS INTENSITIES
| VANES - PLANE B

FIGURE 7
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| CENTROID STRESS INTENSITIES
: VANES « PLANE C
FIGURE 8
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.. CENTROIO STRESS INTENSITIES
i VANES - PLANE D
FIGURE 9
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Eimn hher :édnt hﬂ ‘Lamr arnn than “tha vm, mucn oF the quzaﬁwd ‘s*-rwu
“.“ Lin uhd :ont nlwﬂﬂntﬂ i# heainvaﬂ -3 E& sﬁraas xnieh wiuld he niglaiﬁieﬁ
L“ga piﬂh :tpqn# IA*ﬁ¢ gus nn dlsnhntiﬂuiﬁkau}q Dhe memprans Abrads insaneLtivh
an :&hs vnlﬁﬁa mm. hxd ‘Aépe. tHan 158 in axcess of the allowable st :was,J
| Ins:rqu uhi:;h axcesds allgqmu muw m.-:ursrmm;' in thg woluke amn asd in
ehs vmtas sdhd,ch r:nms:ﬁ whe Lonox adge of t.*-;a volute. The 2lmqu, cloasirs
" pnr.a, and dosmra balte which aur:::auad the rotaring machinery axg stresstd
.'hﬂl@ﬂ ﬁllqwghlu ?qluaﬁf
; The combination of primary wesbrane plus primary bending gtross was

“evaluabed pﬁ comparing sTross innanai;ias at the subfages qf view plamenhs

gtgn;znvam ¢ allowablé seress (L.8,, 1.5 8 0. It was found that less thah

1% é!; I‘ﬁhe é‘mmam;s had surface gurosses ;x':_q-i!;.‘h axcesd this valup, and. thal

!anzoe &éer@ lgcaved ab the oot o the amas. It is-bgliéved that ¢ devalldd

'e#uu;\tia'p would ghew that most of the stzass W -c'-‘n- evogads al lowabla bt:z:e'is”
| in these few alements (i.e,, 2%) is atminbutable > geak SLress rathai thay
 primary gmn.cunq,

T ) TABLE 3 - SUIMASY - GUANTITY OF BLEMENTS

IN PUMP cz\m: WEICH EXCEED 1.2 'Sm '

3L

100-110 7.9
110=120 : 4.1
120-132 " 1.3
130-140 2.8
340358 L o | 0.2

4 1.2 sﬁ % of Eléments

m zw*wa Bre of i Emr svsdantiin of dlosuis balta.

':mm m:m rmuntt &a s*ta’mu;: mnvt +0 wlms.auﬂ. ;ﬂ:aawra am susket
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8,

Bole Surength

The bolis ave made from

ASME 23 £40 27ade 623 Class 4 saserial,

‘ . 3 " . ! s .
The strses yalue Sm for this matexial ia 12100 psi at 3557 F. Jsking

the rasio of agtual balt arsa to the peguired holtc area for the

design } pressura of 2506 psi and apolving ths applizabls allewasle

ptress rates for solt sizing and service conditions for tha VNG
postulated pressure of 3750 psi, it le found that the resuiting

bolt stress is 39% of the allawable strega.

g - w-}38,2 inz X

: ; 3TEO pEl - m L & (1008} w38
7 ARl B s e T ' o S e
zsm d63.8 in 2500 pai Zsm“

1t is concluded thar the bolt has sdeguate SLrangtn ©e Wwikth=

stand the postulated ATWS traasisnt,

Gasket Seating

The bolts for pumps at diffarent reacteor $ites are praloaded

+o diFfarent values, ‘Tha minimum pralsad ts 25230 pai, By

ratiolng the Bolt stidss 5 ssat the gasket *at 2500 pei wo the

grulated AEVE crassient of 3750 Dsi, it 48 fourdd that & helt styess
pe -

of 28130 pei s raquired o geat the gasket, It is fongluded That

the bolts are sufficlently preloaded to peat the ruaket, and that
Additional hardin axists

the alosure will not leak during the transient,

for long-hesm leakage hHecausd tha ATWS transisnt pressurs iz 3f shoarc
duration.

and Ssal CTlosurs Bolts

" Heat Excnancex

section of

‘&‘similn: evhluation &S these ba e wae Umada - T Wgs -Hoid HRA

bolt sizing was afleguate to malarain stress balow ASME allowable atyesa,
.hnj o :aﬁﬂ than sufficiant prelcad is applied =6 maintain feguivad gasket seating
Pt u.;'kciﬁw 4t the 3“50_9:1 ATHS transient pressurs.

nﬁuxmin¢4

'.,.-._-.I oy Eih I g
‘ i Sy

-

g:ag Appendix I 12130a) (2} of ASME Pressure Vessel Code, Sub~
thlon IX,.. - .. .




BLMP GASE DISTORTITH

The magnitude and distributinn of the gryess at 3750 pel nreSgure was

given ia “hd praceding sactiod. 3 raiatsd Sonsideration Ls whekher the dlistaoxt

assnciated with this strass field would affact the abilivy of vhe impeller

to rotats. This effart has been found Lo rpduse the clagrEnge ot Lhe

o

=
]

e
F A

g donaluded

"
e

e
-

impeller and the sasing by 'only 38 (3 mils in 98 mils.
that impeller rotation will net he affectad by ghig asount of punp tase
distorcion, This evaluation is discussad in denail below.

Methodology

The tlearance hatween the imp2ller and the pumg caddng is smallent
at the wear rifg in the suctign “flange". The minimus dimmetral slearsnca
at this point‘is L0986 Lnshes as shown 4o ?igﬁre 2. . Uhd punp flapges
&t the suctien sand at Lhe punp closurs ars guite rassive, and the
strosass in this regioh ars within allowsble shress, Thess thersfors
behave as tws rigid disks, connaszad by the vaned. The average atrain
i the dirsction parallsl to the pump cantexline i3 deretmingd for
danh Vana. - These valugs ars given in Table 4. From tiis dava, the
change in sloge Lerween £ha two Frangss is devermined, This, b Een,
permits k4s lateral metion of the wear ring 2o bs galcolakad; assuning
the suction flange rotates sbout a poilnt within the: plana of the vanesz,
causing a lataral displacument of the wear xing, whish i3 below the
*“hinge paint”,

This valus, which is bazed on the elastic analyels, 15 dncreaged
by an inelastis facwor which is the varis of & setant Mmodulids £ the
elastic modulus,  The szsant mwodulus 1s based on & sEress-atrala cozve
whieh:;sgs ASHME mdnimum stress valuss, It i3 assumsd chabt ail vanas

2 Have the redused modulus dsternined Zor the highest stressed vane,

-2l
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';!ve afmn'* ot a&,ain in the maa an the a’aifsi ﬂf n.‘m henicn ﬁaﬁg&
an# upa: fing is caiculaced &3 ﬁoliaw%a | ‘
The tilt ei the m:':lhcﬂ ‘ngu m..?; seapact Lo ths closure ﬂmqe
 ‘_&1 aaearmﬁhea hy.iitar &tan*minxng vie ax;a WAl rsmaira paralial
1] EQﬂh ﬁlange-. Thzs ‘s cnigulatéd bj suming tha groduct of the
| _ﬂft&mm habwaan t’t& syarall dvetage steain and the st :a‘m o aax.h

‘j Wma, by the qca:dius'.se b Eor eaw*l vane and sethd ing ch,s g of moments

to ,am‘.- wg,aa mafmm%.,cany:.

= average stwain in each vane

8

€ = average strain in all 2 ‘anes

!qﬁ*tﬁ:{d ‘ti = R sin 31[‘ si‘ oI et ;‘ %, 21'.:"3 + 40 (11}
: This ig saiwed by iiu;mf.m;; gsing the midpoint betwaen vanus

i amd 9“& an arhia;'m arigin, ' Baveral angles ¥ are used as tnial

valuas until the m'matﬂun coz:v\-r:jt:s =t zane, Thig. &ngla was deters

mi:md to e T0.7 dﬁq*‘aes. awis is tite axl s abm.:c whish the poments

an .xm:_*cma, and wRLsH does nof rotats. . In.other words (see Figure i~'}i; y
_lht flanges nesr vanes 4 and & remain squidistant.

The mmm Eine DETUrs ;‘;ar,osniic‘ular sewhis axid. (.0, from vanes

. 7 to 2). The v&im of th-a ‘s:‘q:p_a is devermined in & similar nanner,

except t.ha;t the Valxm of the glove is deternined such thar the preduct of

a‘traﬂn éif amueu anc the noordinata % is egual o zevo, Stated
ma::hgmaﬁu].lm

9 -
5 "QJ ,
'.awe ﬁi = &aesﬁi |

g = ui-w (y = 70,7°)

i = 20 - m C‘iiﬁ
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i "\- ! ‘
. 8 = squivalent scrmin wate Sor sleps 3 (l.e., increased sfurain

from pump gentariine o the vane)

ITI ; I ei = gyeradge strain in sach vans
i " “
o | £ = average stzain ir all 9 wanos

(i o
ke By itarative trlals Sox vhe differential sctrain fate &, uke
gl !
I‘“
A ! D . . -
N sipration goss £5 Lerd at &= (045 % 10 3 gax dnchy - Thensloge iy then
il B .
i | & > Cmax’ = €L
T ‘ R
r
II L
Iv o Yingre

L= Yana Lehgth, = 12 inches
¥ and € = &R
iy ” iy max
A Numerigally
! ~ o —p - TERNTS » e T
1k B = D.U45 ® 10 (32) & B4 x A0 o gadian

and tha displacéement
-J : | - L
.- .. d = &} = 8.4 x 19 5(15) #0008 JLnghes
where ¥ = distancs £ram wvatnes o wear xring, 15 inchas.

N Applying the ineélasuic faztor
Hyl 4 E = 6.1 (sas page 22)
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