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G SCREENING EVALUATION WORK SHEET (SEWS) Shest 1 of 2

(\7 »
Equip. ID No. CO-T-0001A Equip. Class _2] - Tanks and Heat Exchangers
Equipment Description _CONDENSATE STORAGE TANK 1A
Location: Bldg. _YD Floor E1. 305 Room, Row/Col S.E. OF TURB BLDG

Manufacturer, Model, Etc. (optional) CZmicAGo BRIDGE And /Ao (o

Euckii capacity of shell of large, flat-bottom,

vertical tank is equal to or greater than demand: @ N U N/A

See Aracomer K o

Capacity of anchor boits and their embedments is equal

to or greater than demand: Y @ U N/A
S Amhemionr k¥ Durcer

Capacity oE connections between the anchor bolts and

the tank shell is equal to or greater than the demand: @ N U NA

See A-mume-«'r A
.

Attached piping has adequate flexibility to accommodate

motion of large, fiat-bottcm, vertical tank: @N U NA

TANK _FOUNDATION

Ring-type foundation is not used to support large,
flat-bottom, vertical tank: F.5:9 @

E .faEEE Zslzrzlhéil
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-y SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2
(’“ Equip. ID No. _CO-T-0001A Equip. Class 2! - Tanks and Heat Exchangers
Equipment Description CONDENSATE STORAGE TANK 1A
COMMENTS
£
Evaluated by: 4 { Date: J~C4 -5
/- 28-G4
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Sheet 1 of 2
Exhibit 5-1
OUTLIER SEISMIC VERIFICATION SHEET (OSVS)
1. OUTLIER IDENTIFICATION, DESCRIPTION, AND LOCATION

Equipment ID Number /0 -7- 0’7’" Equipment Class & |

Equipment Location: Building YD Fleor Elevation oS Elich
Room or Row/Column Base Elevation 305

Equipment Description COADENSATE SToRAGE Thvk /A

2. OUTLIER ISSUE DEFINITION

a. Identify all the screening guidelines which are not met. -
(Check more than one if several guidelines could not be satisfied.)

Mechanical and

Electrical Equipment I.ink{_md_?m,jxsmﬂsn
Capacity vs. Demand Shell Buckling )

e Caveats Anchor Bolts and Embedment

g b

Anchorage Anchorage Connections
Seismic Interaction ____  Flexibility of Attached Piping’
Other Other
Essentia) Relays Inc%usion Ruges "
Capacity vs. Demand Other Se}snic Performance Concerns {
Mounting, Type, Limited Analytical Review ‘

Location Other ‘
Other

1 Shell buckling and flexibility of attached piping only apply to
large, flat-bottom, vertical tanks.

b. Describe a1l the reasons for the outlier (i.e., if all the listed
outlier issues were resolved, then the signatories would consider
this item of equipment to be verified for seismic adequacy):

The Junb does pot maet tha G(ITP ggu'(l/’p S

5-10
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Revision 2
Corrected, 6/28/91

Sheet 2 of 2
Exhibit §-1 (Cont’d)
OUTLIER SEISMIC VERIFICATION SHEET (OSVS)
Equipment 1D Number C. O — 7~cvA
3. PROPOSED METHOD OF OUTLIER RESOLUTION (OPTIONAL)
a. Define proposed met'..i(s) for resolving outlier.

o CALCucATrond sHows 7wk 15 SE/smicacy
—ADEPUATE, (Ated L)

b. Provide information needed to implement proposed method(s) for
resolving outlier {e.g., estimate of fundamental frequency).

4. CERTIFICATION: ¢

The information on this OSVS is, to the best of our knowledge and belief,
correct and accurate, and resolution of the outlier issues 1isted on the

previous page will satisfy the requirements for this item of equipment to
be verified for seismic adequacy:

Approved by: (For Equipment Classes #0 - #22, all the Seismic
Capability Engineers on the Seismic Review Team (SRT) should sign;
there should be at least two on the SRT. One signatory should be a
licensed professional engineer. For Relays, the Lead Relay Reviewer
should sign.)

B.D. Avevsmue 4749, )-24-F4
Print or Type Name Signatur Date
ENRIQuE T RulGn En [-16-5¢/
Print or Type Name Sigmatire D Date

Print or Type Name Signature 2 Date

5-11
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" The purpose of this calculation is to seismically verify the tank and its
anchorage.

Generi: Implementation Procedure (GIP).

Purpose
Methodology Tte methodology to be used in this calculation is that detailed in the
References

T N

10.

1.

13.

ES-022, Seismic Design Criteria

Gilbert Associates Drawing No. E-435-201 Rev.6

Gilbert Associates Drawing No. E-423-039 Rev. 2

Not Used

Chicago Bridge and Iron Company Drawing for Dome Roof for 48'-0" diameter tank
(4692-17-058-0)

Chicago Firidge and Iron Company Drawing for Dome Roof for Anchor Bolt Chairs for tank
48'-0" x 200" tall. (4692-17-055-0)

Generic Implementation Procedure (GIP) for the Seismic Verification of Nuclear Plant
Equipment, Rev.2

EQE Report No. 42105-R-001

EPRI Report NP-6041, "A Methodology for Asscssment of Nuclear Plant Seismic Margin: Final
Report dated October 1988."

EPRI Report NP-5228-SL, "Seismic Verification of Nucléar Plant Eqmpmem Anchorage”,
Volume 4

EPRI Report NP-5228-SL, "Seismic Verification of Nuclear Plant Equipmemt Anchorage”,
Volume 1

NUREG-CR-1161, "Recommended Revisions to Nuclear Regulatory Commission Seismic
Design Criteria”. Published May 1980

AISC Manual of Steel Construction 9th Edition

. EQE Calcu'ation 50097-C-010, Rev. 0, "TMI DBS Time Histories".

. Haroun, M.A., and G.W. Housner, "Seismic Design of Liquid Storage Tanks," Journal of the

Technical Councils, ASCE, April 1981.
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Sutyec: ; :
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w

Determine allowable shear and tension loads for a 1-1/2* diameter cast-in-plice anchor baolt
in accordance with the guidelines of Reference 10. Note that this is the reference material
for the derivation of the allowable loads for cast-in-place anchor bolts in the GIP. The
values just were not derived for 1-1/2" diameter bolts.

The allowable tension and shear Joads are base . on the nominal bolt area times allowable shear
and tension stresses. These allowable stress’ s (17,000 psi shear and 34,000 psi tension for A307
bolt material) are equal to 1.767 times the " orking stress design allowable given in Part | of the
AISC specification for Design, Fabricat’ .o, and Erection of Structural Stee! for Buildings,
Reference 11.

Per Referance 13, the nominal bolt area for a 1-1/2" diameter bolt = 1.767 in2.
Pt =1.767-34000 = 60078 psi
Pv = 1.767-17000 = 30039 psi

o

The recommended minimum embedment lengths are by applying the concrete shear-cone
thoorypmfoﬂhinAppendixBoftheAClSundlrdMQ(Raﬁtml3),andmningduailefailm
mode in bolt material rather than brittle failure associated with pulling of concrete cone. The ACI
concrete shear-cone theory gives the pullout strength of concrete P, as:

v
.

-

a capacity reduction factor ¢ = 0.65
concrete compressive strength in psi fc = 3500
diameter of boltor studininches D = 1.5
embedment = 10D L = 1S

where:
P = 4-0-J(fc)-x-(l. + D)L

Todeumﬁncﬂcmbedm:lmgﬁ:mgﬁmdby&e@?.&eubowa[mﬁmmwlvedbym
Pequaltotwicemcpunoutap.dtyvalwg'rvanul". Solving the equaiion for L in terms of bolt
diameter for f' = 3,500 psi yields a required embedment of 10D. Thus for a 1-1/2" diameter bolt,
the embedment length must be 2 minimum of 15*. Page 2-77 states that the minimum spacing and
edge distance requirements are 12.5D and 8.75D respectively. This equates to 18-3/4* spacing and
13-1/8" edgr distance requirements. -
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Subject
Co-T-canA b 18

CO-T-=coo/A$ 18

B0, (ugudt- 5293

/- 28-Fef

" ANC«M RBome - From Ref 2 Gnd the onchor bolig
are (1) Type T8B2 Lolh. From Ref 2

_‘”’5_ "pia. find He fé/évg :
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CAPACITY REDUCTION FACTORS FOR CASTIN-PLACE BOLTS
WITH NUTE OR HEADED STUDS

CORDENSATE WATER STORAGE TANK

Bolt Dia. (D)inches: 1.6 Concrete Strength f'c (pei] = 3,000
Required Edge Dist. (Emin) inches: _ 13.126 Actual Edge Dist. (E) inches: $.00
Required Embedmaent {Lmin) inches: 1‘__ Actusl Embedment (L) iiches: 18.00

Tequired Specing (Smin) inotes: 1878 Actusl Specing (€) inches: 774,60

Note: If actusl embadment, specing, or edge distance excesds minimum required ,
use minimum values for caloulation of reduction fectors.

Le 18 inches $= __ 1875  inches E= 8 inches
THETA (sdge Dist.) = 2 cos-1 (2EA2L + D) r= (2L+D)2
- 188  radians B 1578

THETA (spacing) = 2 cos-1 (S/(2L + D))
= 187  rediens .

Ldge Distance Check
Ew 9.0 > =4D, but not > Emin, pullout reduction factor must be applied
REp « Pullout Capacity Reduction Fector
= Alreduced)/Alnominel) ‘

Afreduced) = (PIK r* 2)-.5((r" 2)THETA edge)-2rE sin (THETA edge /2))
- 887 in"2

A(nominal) = .86(PI/&)(2L + D) " 2))
- 248 in°2

REp = 0.88
E= 8.0 > =40, but not > 8.76D, shear reduction factor must be applied

REs = Shear Cepscity Reduction Factor = 0.0131*(E/D)" 2
28

N 0016 (06-8%)

\
B
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- Concrete Strength Check
GIF Table C.3-1 sllowabies sre based on » conorete strength = f'c = 3500 psi.

Concrete strength < 3,500 psi but > = 7,500 psi. Strength reduction fector required.

Reduction factor (RFp) = (RFs) = SQRT (f'c / 3600)
- 28

- Embedmeni Check: 10°D= 1500 4*°D = £.00

L > = 100, no reduction factor required.

- Spacing Check 2*D= . 300

Actuel specing squsis or exceads required spacing, no pullout reduction factor required,
Stiear capacity reduction factor for closely spaced cast-in-plece anchor bolts = RSg: *

fiSs = 100 for ectusl spacing (S) > = 2% D

-“Revised Allowabie Loads

From Table C.8-1 of the 2P, the subject bolt has the following .NI alio\vable loads:

ForD = 1.800 inches, the allowable puilout capacity (Pu’) = 60,078 _ Ibs. snd

the sllowable shear capacity (Vu') = 10039 o

The revised pullout load = Pu =« Py’ * REp * RFp * Rlp * RSp

48,168 Ibs.

The revised shear losd = Vu = Vu' * REs * RFs * RLs * RSe

- 18,130  Ibe.

S — . — . — — - —




VERTICAL TANKS - CONDENSATE WATER STORAGE TANK

STEP 1. Detarmine the following Input dets

TANK MATETIAL
diameter of tank (f): 42

R tnominel tank radive) finches): 288

Meight of tank shell ) tfe):
M’ fhreight of tenk ehell | finches):

T myn lrrmirrsrn shal! thiokness slong
height of tenk) tinches): 0.26

1 8 iminimum thickness of tenk
in the loweet 10% of height] finches!: 0.26

F v lylald strangin of tank shell met'l} ipel): 36,000

h o theight of shell soimpreveinn rons
ot base of tank  usually height of chak! Snches}: 12
€ » felentio modulue of tenk eheil mat'l] ipei): __ 29, 000, 000
Vs (sverage shesr wave velooity of soi

for tanks loceted st grade) (ft/ese): nn

G
T (o3,

top ”"‘_"! PF___;-‘F..'_’__

phlo.—\ G ¥ 2
’EE::; N P " QL. =
i = Sy :

Yank / Tank

LOADING Bare Wi

Fluo

GARMA (weight denety of fluid; (bfind): c.03¢
H Thaight of fluld st maximum 1! lovel) Enches!: 238

b 1 thaight of freshoard sbove fhid surface) finches): 15.82

ANCHOR BOLTS
N inumber of beles): e
d idiemeter of bolij finches): 1.6
h b toff. langth of snchor bolk being stretched.

uveually from top of cheir to embedded piate) §in ) 36
E & telaetic moduius ¢ bokt materisll ipsl): __ 28,000,000
Anchor Boit Alowshie Tension Load Py (fhe}: 188

Anchor Bolt Allowsble Shear Loed fVul fibe}:
{Note: Allowsbles are with raduction fectors

Yield strens of enchor belt materiel {f vl ipel}: __ 36,000

From Figurs 7-6 of the GIP_ find the foflowing dimensions linches)

e

‘-_i_.{i"__ j= 0.6 th=
fw= ge__BE k=
e .:::_E

Weld aire batwesn snchor chair and tank sheil t w! finches): 026

Muhmmd‘ihﬁhmﬁnﬁmﬂ“h

ioadinge on tanke and at 1/2% damping for fiuid elosh tsight.
Ground responss spactrum 7PA 6.72 o

eudug
1294qng
JesjonN[ ']

b

S/ & WiGao L~

18ayg uonenoje)

90:LE:ST L6- ¥T-50
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STEP 2: Celculate the following retioe and values:
HR = 08 tefR = 0.001
tave = thickness of tank she! sveraged over tha linear height of the tank shell
= (BUMtI*hi) /W
; L h tuk
- 0.260 inches 0.25 80 20
s 2 i e e S
3 0.26 20 20
a4
|

=SUMtxh

telf = (tavg. ¢+ tmin)/2

- 02 in
el = 0001

Ab = Crose eectional ares of ambedded anchor bolt
= |Ptxd"2)/4
-_  1.787 in"2

U = squivatent shell thickness heving the same cross-sectional ares as the anchor balty
= (IN"ABI/IZ"PI"R))“"(IEb/Ea)
= 00168

¢ = costficiant of tank wali thickness end lengthe undar strese
= (C/te)l*(hel/hb)
" 0.02

W = weight of fluid in tenk
= Pl " R"2 "H * GAMMA

- 2,204,476 be -

209

=)

12eigng

S/ § Vicog=L-

desjonN[" L]

199yg uonenojen
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CHECK TABLE 7-1 REQUIREMENTS

Tenk Material = Carbon, Stainisss Stes!, Alyminum  (circle onel
Tank Fluid Content =  Water or similar YES or NO  (circle you or nol, if no tenk is an OUTLIER

Nomine! Radive of Tenk A= 288 inches OK, Table 7-1 requirements met. 80 in >R <420 in
Haight of Tank Shel (') = 240 Inches OK, Tabis 7-1 requirsments met, 120 in >H <9800 in
Haeight of Fluld st the meximem Leve!
to which the tank will be filled B4 = 235 Inch OK, Table 7-1 requirements met, 120 in >H <9860 in
Mo "Hicknese it o) of the Tank Shell
o w1 10% of the Shall Height = 0.26 nches OK, Teble 7-1 requirements met, 3/18 in >ta<i in
Eftactive Thickn 1 of Tenk Shall Based on
the maan of the o age Thicknses it evg) = 0.280 inchoe OK, Table 7-1 requirements met, /18 n >te<t in
Dlameter of Anchor Bokt id) = 1.80C inches O, Table 7-1 requirements mot, 12in > d <2 in

Number of Anchor Boke M) = 18 OK, Teble 7-1 requirements met. N > = £
Tank Weil Thickness {st Basel to- Tenk .
radive Retic = Rt o/A = 0.001 OK, Table 7-1 requiremants ere met, 001 < =te/R <= 01
Effective Teank Wall Thicknese-

te-Tank Reche retio = & o/} = 0.001 OK. Table 7-1 requirements met. 001 < = t oif < 01 inches.

HR - 0818 s Table 7-1 requirements not met Classify as an OUTLIER and procesd wit
H/Rnot 10t 60

STEP 3: Determine the fluid-structure modsi frequency for vertical carbon steel tanks containing water:
A= 208 teff /A= _ "®o0t , wnd H/R__ 08108
From Table 7.3, find (F ) = 378 Hz.

NOTE: ¥ the tenk material is not corbon stasi (Ex not equel to 20,000 keil or fluid e not weter (GAMMA not aquel to 82.4 fbe/fe3]
the frequensy must bs sdiueted in sccordance with the GIP 8TEP 3.

STEP 4; mmmmmmmm«u.:wm

|
Ertar the 4% demped horizontal ground o1 flare response spectrum for the surface an which the tank is mounted, with
o (huld mtructure modal fraquency determined in BTEP 3 end determine the maximum apecirel accalarstion (Saf! over the

foliowing frequency renge:
B <F<12'"F = 182 H: < F < 11784 W
Appropriste Spactral Acosleration (Sef] = 0 48 @ 5% damping
7 4% dermping = ¢b% [SGRTI5M)] - 061 o

30F9
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STEP 6: Determine the base shear load (Q).

Enter Figure 7-3 with (H/R) and it 34/R) from sbove:
HR = 0.818 ond fteltiA - 0.001
And find bass shasr load cocificiant (0} = 064
Shew Lond ot Bottom of Tank = |} = Q' * W * Saf - __ 19,541 the

STEP €: Determine the base ovarturning moment (M)
Enter Figure 7-4 with R = o818 end RteffiA = _ 0.001
And find M’ = ©.306

Compute overtumning moment = M = M * W * H * Saf
= 90,582830 bin

STEP 7: From the anchor bolt tansile load capecity, Pu, compute the sllowsbis bolt strese (Fb):

Fom Pu/Ax Note: IMMQ“MCM-‘M”bNMMﬁmhw
- 27,820 the weask link In the losd peth and the postuistad fallure mode is brittle. Decermine an spproprists
raduced siiowsbie anchor boh strees (Fri per spplicable sode raquirsments

fuilug
13elgng

g g VEO0~L-

ETEP 8: Check the bending strese in the top plate of the ohair. if each of the anchorage connsction components
M“mMWW,MhﬂMMWhW?hm
i, m,mdMWMMmmmmmmmmm
mwmwmammmwﬁ.nmm-mum.
mz.mummmmmﬁmﬁammmummmnmuum
plate can be inciuded in the dimension f used in the foliowing equation.

The meximum bending stress in the top plste is:

BIGMA = (10376 g} (0.22°d)) " Pu/il*e" 2)
) - 96,588 > 1y, Capacity reduction fector must be used.

Reduction Fector =  {y / SIGMA a 037
: 4
Recksced Anchor Bokt Stress =Fr = Fb * #f y/SIGMA)] = 10,288 pei

;
i e

.

sesponNfT]

198ysg uonenojen
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STEP 9: Check Tank Shell Stress

Shell Strees = __ 133,436 pei

Z= 1/U0i0177 " e "tb"tth/te] 21 /(SORT(A te)i) + 1)
.

> Fy, Reduction fecter r-ust be applied

Raduction Fector = Fy / SHELL STRESS = 8

Roduces Anchor Bolt Allowside Strers = Fr = 7,513 e

STEP 10. mmvuumpmwmmmnmmynwmm:

L1 (/) <{86/{iy/ 1000 " 08))
kij= 244 GeAdeline No. 1 Satieifiesd
05 /({1fy/ 1000} 05)) = 1583
2 j>= 008" ih-clend]>=06in
j= ' Gusatinz No. 2 Sathified
004 °*th-of = ©.48

3 (Pe/i2% k")) < 21,000 poi

Pu2 k= 13217 Guidetine No_ 3 is Setisified

STEP 11: Cheok weld betwesn the tenk ohair and thedenk.

Load per lineer Inc of weld = Ww -
= Pe" i /lead4Z°Hi"S4lefla®h +0887°Kh " 21'21" B
- 2027 thafinch

Allowshle load per inch = (30,800 * t w ) / SORT(2) Weid is sdequste
- 5,408 befinch

STEP 12: Check tank wall for siephant's fost buokling: F
Entar Figure 7-7 with the faliowing parametars :
end find the fluid pressure coefficlent Pe'y = _ 1.4

The fluld pressure ¢mmumm-&m%m'n.m = {Pe] = Pa' " GAMMA " R (peid
= 145152 pei

Sef = 05i wndHPR=_0818

l (9€-90) 900 N

6 0F9

754/
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STET 13: Determine the slaphent-foot buckiing etress capacity fetor:
Froer Figure 78 with the foliowing parsmeters:
Pe= __ 145162 pei  and te/f = _ 0001
And find the Cepscity Factor » __ 12000 pei

Note: The sbove Capacity Factor is for carbon steel. i the tank being svalustad is of same other meierial, see
BTEP 13 in the GIP for tha convarsion fscter

STEP 14: Determine the ‘iuid pressure for diamond-shape buckling iPd):
Enter Figure 7-9 with the following paremetsre:
Seof = 0.5t 9 end HR = 0.818
and find tha pressuse cosfficiant for diamond-shape buckling Pd') = 1.28

The fluld prassure ot the bees of the vertical tank from diamond-shane buckling typs loading = Pd) = Pd' * GAMMA * R
= 1286 el

STEP 16: Determine tha diamend-et spe buckling stress capecity factor
[ SO — '
Pd= 1286 pal and te/R= _ 0001
And find the capacity factor = 12,000 _ pei

Note: The shove Capacity Factor s for carban giesl. I the tank being evalusted ls of some other meterial, see
STEP 15 in the GIP for the conversicn fectar. -

STEP 15: Select the alfowable buokfing stress, SIGMAc, as 72% ~f the lower vaiue of the elephent-foot
or diemond-shepe buckling Capacity Factor:

Elaphant oot Bucking Cepacity Factor = 12000  pel CONTROLS
Dismend-Shape Buckling Capacity Factor = 12000 pel '} CONTROLS

Altowabls buckling strese = 8.840 pei
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ETEP 17: Datermine the overturning moment cepacity (Moap!.

The overturning moment capscity of the tank, ‘Moap!, is depandent upon whether the postulated waek fink
fallure mnda is ductile or brittle. A ductiie fallure mode ls definad as one in which tha wesk fink
Is ona of the following:
«  Aachor bolt stretohing (Step 7}
Chair top piste benng (Siep 8)
Tank ehell banding (Step 9)

Abﬁ!’omdodw‘bw.-nh“““hbndhm
< Concrete cone failure (Step 7)
Chalr stifiener plwte shear or buckling faiture (Step 10)
Chalr-to-tank wall weld sheer fnihwe (Stap 11)

FovOUCTlEIM,m&-rﬂmuﬂ:-h.m“““b.m“m%”? = 008

Fhorrde 7513 pol hb = 36.00 hew 1200 inches
Allowsbls Buckiing Gtrews = 8,240 .
? = ___002 {iAliowable Buckling Stress!/IFb)i* the /h b} = _ 0.383
For BAUTTLE faliure, enter Table 7-4 with the ‘ollowing parameter and find the base overturning mement cosfliclent fMcap’) = AA
o= ___002 - ({ABowebie Buckding Streesl IFbII® th e /hb) = 0.383

Per Staps 7 1o 10, mwuhmma.u DUCTE
Use Moap! values = g for DUCTILE teihure.

~ra

Nots:  Fb is the emeliast of F5 from Step 7, Fr feom Step 8, or
Compute (Mcen) besed on the following formuta Fr from Step @ = 7.613

Mcap = (Meap' ) *(2°FB) " (R°Z * te) *{hb/ha)
56,084,244 Rrinchee

STEP 18: wmmmmdmuwmmnm
the overturning moment {M) from Step 8.
Mew = 50,084,208 Bin < Ms 80582830 ®in

The tank e not esismically sdequste for this loading and must be claesified se an OUTLER.
procesd to Section § QUTLIER RESOLUTION sfter completing the remainder of the svsiustions.
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STEP 18: Computs the base shesr load capacity iCap) of ihe 1ank

Copw 665°(1-02"Sef}*W

= 10826807 e

8TEP 20: Compare the bass shear load capacity of the tank (Cap} from Step 19 with the eshear ioed (Q} from Step 5.

Cop= 1082607 e > Q= 718,541 e
Shemr nepacity exvesds de.nand The tank ln edecuate for this loading

STEP 21: thMMhMMWhmMWMhMM
to significent forces from the sloshing liquid,

In ceicuiating the siosh height. ih 8), the epectrai sccsleration, [Sefi, muet be obteinec from the input demand
spectrum st the sloshing moda frequency, (Fel, and e demping velue of 1/2%. Ceare shoitd be axercmed in seswing thet

the ep um veluse sre stely definad in the sloshing mods freq y rangs, typicelly for 0.5 H2 10 0.2 Hz.
Fem (1702 °P1j) " (SORT (1184 *G)/R) " tenh ({184 ") /R))
- 0.24 Hr

WMM.M1MWMMW-~WMMN: NOT CLEARLY DEFINED
Slonh height = he = 0837 *A ' Sem
= _NIA __ inches

m,’umﬂom"mﬂ‘*dh“wdﬂm*ﬁmﬂ
mmMMme*?Jﬂ“Mwthﬂmwtd'n
fhsid in the tenk fer a ZPA of 1g st the base of the tank:

HiR= 082 and Ma 288 inches
1o find th's) = 108
Computa the siosh height th e), : he = hWe * ZPA = J2.8€ inches
where 7PA i from horizontsl responee spectrum = 012 a
’ '
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|

—f

/5 V/o00-L

-
N WD

[

ON Aoy

Podt]

=

on 1

JesjonN[T]

jaayg uonenojen

90:LE:ST L6-PT-S0

bl !

&L 3




e s e S

- ——  —— . - "

g o

(99-90) 9100 N

STEP 22: Uetermine the svsilzble freeboard sbove the fluid surface st the maximum level to which the tank will be fiiiad:

For conical roote, massure the freshosrd from the fhuid surfece 1o the intersection of the wall and the roof | » distencs
R from the tank centerline).

For tnnks with s domed roof, messurs the fresbosrd from tha fluld surface to the point whera the
roof surface i ot a distance of 0 8R fram the tank centerline.

hi= 16.82 inches
Compers the avellshie freshosre (h 1} to the siosh height of the fhsid (h i, rom Step 21.

hi = 18.82 inches > hs = 1283  inches
Availeble frashosrd axcesde axpectsd sloeh height. This tenk ie adequate for this candition.
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STEP 2 OUTLIER RESOLUTION

Per Step 2 of the GIP evaluation the tank is classificd as an OUTLIER as the Heighi / Radius does
not meet the ass inclusion guidelines. The Height / Radius of this tank = 20'/ 24' = 0.816. The
minimum rat.  per the guidelines is 1.0. Page 2-3 (Reference 10) states that the range of parameters
for the database tank are Diameter from 10' to 70' and & Height from 1¢’ to 80'. The Condensate
Water Storage does not meet the ratio guidelines but does meet the parameter range (diameter = 48’
and the fluid heigit = 20). As such, an explicit tank evaluation is required.

The input parameters used in the GIP evaluation were taken from a H /R value equal to 1.0. This is
conservative as the overturning moment calculations with 8 H /R value equal to 1.0 will be larger than
a H /R value equal to 0.816.

To verify this assumption, each step in the GIP evaluation will be checked to ensure values of H/R =
1.0 are conservative. 5

STEP 3: Forconnamnhmoftaf/k,uﬂ/kdomthcoonupmdinﬁmp\ﬂﬁwmode

frequency mcreases. Therefore, using the frequency for H/R =1.0 will yis!d a lower impulsive mode
frequency than the value of H /R = 0.816 would.

STEPS:  The curves shown in GIP Figure 7-3 show 2 decreasing Base Shear Load Coefficient as
the value of H /R decreases. As this value decreases the nding actua! base shear load also
decreases. Therefore, using the Base Shear Load Coefficient fdr H / R =1.0 will yield a higher actual
base shear load than the value of H /R = 0.816 would. '

STEP 6: The curves shown in GIP Figure 7-4 show a decreasing Base Overturning Moment

Load Coefficient as the value of H /R decreases. As this value decreases the corresponding sctual
base overturning moment also decreases. Therefore, using the Base Overtarning Moment Load
Coeflicient for H/R =1.0 will yield a higher actva! bzse overturning moment than the value of H /R =

0 816 would.

STEP 12:  The curves shown in GIP Figure 7-7 show & decreasing Pressure Coefficient for
Eiephant-Foot Buckling as the value of H /R decreases. As this value decreases the corresponding
actual fluid pressure at the base of the tank from elephant-foot buckling type loading also decreases.
Therefore, using the Pressure Coefficient for Elephant-Foct Buckling for H / R =1.0 will yield a
higher actual fluid pressure than the value of H /R = 0.816 would.
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STEP i4: The curves shown in GIP Figure 7-9 show a decreasing Pressure Coefficient for .
Diamond-Shape Buckling as the value of H /R decreases. As this value decreases the corresponding
actual fluid pressure at the base of the tank from diamond-shape buckling type loading also decreases.
Therefore, using the Pressure Coefficient for Diamond-Shape Buckling for H/ R =1.0 wil! yield & higher
actual fluid pressure than the valve of H /R = 0.816 would.

STEP 21:  The values shown in GIP Table 7-5 show a Slosh Height of Water as the value of H /R
decreases. As this value decreases the corresponding slosh height also decreases. Therefore, using the
Slosh Height of Water vaiue for H/ R =1.0 will yield & higher actual slosh height than the value of H /R
= 0.816 would.

The use of H / R values equal to 1.0 are judged to be acceptable and the OUTLIER is considered to
be resolved.

STEP 18 OUTLIER RESOLUTION

Per Step 18 this tank is classified as an OUTLIER as the computed overturning moment is greater
than the computed overtuming capacity. Per page 2-5 (Reference 10), Reference 9 was used to
determine the overturning demand of vertical steel tanks. Page H-3 (Keference 9) states that the
overturning moment demand is only summarized and that Reference 12 can be used for a2 more
detailed overturning moment demand calculation.

Per page 115 (Reference 12) the minimum acceptable a:alysis must incorporate at least two
contributors to the horizontal mode. These are the IMPULSIVE mode where the response of the
tank roof and shell are coupled together with the portion of the fluid contents which moves in unison
with the shell and the SLOSHING mode where a portion of the tank contents moves independent of
the tank shell

HORIZONTAL IMPULSIVE MODE

It is necessary to estimate the fundamental frequency of the vibration of the tank including the
impulsive comtained fluid weight. From Steps 2 and 3 of the GIP analysis it is found that the SSE
free field acceleration at 4% damping for the fluid-structure modal frequency is 0.51g.
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from page H-11, Reference 9:
Hg = 1958 feet R = 24 (feet

L5 H ¢
J"i"m<l.835°-—i—> fs = 024 Hz

From Reference 14 for a frequency of 0.24 Hz, find a OBE acceleration with $% damping =
acc OBE 5% = - .123-fs* + 0.207-fs? acc OBE 5% = 0.010 g

acc SSE 5% = 2-acc OBE 5% acc_SSE_5% = 0.020 g

UnngthegmdelmsofSecnm443oftheGIPmdmumm;thcﬁee-ﬁddruponutpectmmu

the in~ut spectrum, convert the 5% damped acceleration to 1/2% damped:

-

acc_SSE Og = acc SSE 5%- jES acc SSE 05 = 0.064 g

Refmcewmmmatheovmnningmomemdmnd(u)ofvuﬁalm;emhin
combination of the mass of the contents (m), the sloshing moge mass of the contents (my), the

impulsive fiexible mass (my), and the rigid motion mass of the contents (m,) being applied at the the
respective heights, (H) height of the fluid level, (hg) height of sloshing mode, (by) height of the

impulsive flexible mass, ad (hy) height of the rigid mass.

From Figures 3 10 9 cf Reference 15, find the following ratios:

SLOSHING: mg/m= Ms = 0.5 hg/H = Hs
IMPULSIVE FLEXIBLE: m¢/m= Mf = 048 h¢/H= Hf
IMPULSIVERIGID: m,/m= Mr = 048 he/H = Hr

0.57
0.41

0.40
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The following values have already been defined in the GIP part of the analysis:
Weight =W = 2204475 lbs Hip = 240

4% damped acceleration =accd% = 0.5 ZPA = 0.)g
From page 2-7 of Referace 10 the overturring moment is defined as follows:

I !
M = ,j(m-ﬂs-wc_SSE_05>2 + (Mf-Hf-accd% )2 + (Mr-Hr - Mf-Hf)?.ZPA%.W.H

M = 53960924 Ib-in

Per Step 17 of the GIP evaluation, the tank has an overturning moment capacity of 56,084,244
Ib-in. As the capacity exceeds the demand, the tank is seismically adequate and the OUTLIER

is adequately resalved.

CONLCUSION: The Condensate Water Storage Tank is seismically verified.

—rm
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