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Power CALCULATION REVIEW

CALL 8EY ey

Page 1 of 2

IALCAUATION NO SV

§96.0013, Rev. 1

PART | . DESIGN ASSUMPTION INPUT REVIEW: APPLICABLE || Yes & No
The fullowing organizations have reviewed and concut with the design assumptions and Inputs
identitied for this caloulation

Niclear Plant Tectinical Support
Systern Engr SernueOne

Nuclear Piant Operations

OTHERS: Sgnatute Date
Swgrature Date
Sagneture Date o
SART N . RESULTS REVIEW: APPLICABLE [] Yes [ No

The following organizations have reviewe* and concur with the results of this calculation and
understand the actions which the organizations must take 1o implement the results. 2
Nuclear Plant Technical Support
‘v."m ‘no' Bigretue Date

Nuclear Plant Operations

Sigrature Date
Nuclear Plant Maintenance S
(] Yes ] NA —
Nuclear Licensed Operator Training
(] Yes ] NA o
Manager, Site Nucleer Services
D V.l D N/A Sgraue Date

Sr. Radiation Protection Engineer

D Yes D N/A Sigoature Date

OTHERS:




Povar CALCULATION REVIEW
Page 2 of 2

CALCULATIGN WO by ‘]
$96.0013, Rev. 1 '

PART Il . CONFIGURATION CONTROL: APPLICABLE [ | Yes [ No
The following is a list of Plant procedures/lesson plans/other docurents and Nuclear Engineering
calculations which require updating based on calculation results review:

Rocument Date Required

Upon completion, forward & copy to the Manager, Nuclear Regulatory Assurance Group ‘or tracking of actions if
any ltems are identified in Part lll. If caloulations are listed, a copy shall be tent t2 the original file and the
caloulation log updated to reflect this impact.

PART IV - NUCLZAR ENGINEERING DOCUMENTATION REVIEW

The responsible Design Engineer must thoroughly review the below listec documents to assess if the
calculation requires revision to these documants. 'f "Yes," the change authorizations must be listed
below and issued concurrently with the calculation.

Entwnced Design Basis Dooument [ ves [ No 7¢0 Vendor Qualification Package (vaPe)
FSAR 0 ves [ No aner Topical Detign Basis Doc. [0 ves (N0 ¢
improved Tech. Specification [ Y es [B No Senes £/SQPM 0 ves (RIne ME*
Improved Tech Spec. Bases 0 ves [ no weves Other Documents reviewed
Contig. Mgmt. info. System 0 ves [ no 000 0 ves [J Ne

(CHANGE DOC WFEMNCE
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Appendix R Fire Study ) ves E No TC® [ ves [Q No

(CHANGE DOC MEFERENC T
Fire Mazardous Analysis £ ves [ no e ) ves O No

CHANGE DOC WEFERENCE
NFPA Code Contormance Doc ment [T ves [ No 00 0 ves 0 No

CHANGE DOC MEFERENCE
PART V . PLANT REVIEWS/APPROVALS FOR INSTRUMENT SETPOINT CHANGE
PRC/ONPO approval is required if a setpoint is to be physically changed in the plant through the NEP 213
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| PRC Review Required [0 Yes K No

| PRC Chairman Date
1 DNFO Review Required ) vYes & No

Date
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.m CALCULATION VERIFICATION REPORT
8ot Crystal Kiver Unit 3

CALVERRE Py
Page 1 of 1

, Revision 1

WA

Are inputs inciuding codes, standards, regulatory requirements, procedures, data,
and Engineering methodology correctly selected and appled?

Mave assumptions been identitied? Are they reasonable and justified? (See NEP 101,

V.c., for discussion on assumptions and justification.)

Are referer es properly identilied, correct, and complete? (See NEP 101, V.¢, fo:
discussior. on references).

Have applicable construction and operating exnariences been considered?

Was an appropriste Design Analysis/Calculation method used?

3 0 83 113

URE B8 &8 =g
maal) O 0 0

In cases where computcr softweie was used has te program been verified or
reverified in accordance with NEP 136 for safety related design applications andror
are inputs, formulas, and outputs associated with spreadsheets accurate?

Is the Lvutput reasonable compared to inputs?

Has technical design information provioed via letter, REA, 10C or telecon by other
disciplines o' programs been verified by that discipline or program?

J &80

Has technical design information p ovided via letter or telecon from an external
Engineering Orgunization or vendor been confirmed and accepted by FPC?
10. Do the calculation results indicaty a non-conforming condition exists? If “Yes,"

immediately notity the res; ansible Juparvisor,

TERAE T e
B, DN

1

11 Do the results require a changc to other Engineering documents? If “Yes," have

these documents been identified tor revision o1, the Calculation Review Sorm?

I have performed a veritication on the subject calculation package and find the resuits acceptable.

CATE | S N t OATE

2-03-971\\ | I ~4-93




INTEROFFICE CORRESPONDENCE

Nuclear Engineenng Design (NED) NATE — B0

Office MAC 1. .ohone

CORPQEAT DN

SUBJECT Crystal River Unit 3
Quality Document Transmittal - Analysis/Calculation, Page 1 of 2

10 Records Management - NR2#a

The following analysis/calculation package 1o submitted as the QA Record copy

DOCNG (FPC DOCUMENT IDENTIFICATION NUMBE & TR SYSTEMS TOTAL PAGES THANSMITTED

$-06.0013 0 See Attached 13

TTLe

Qualification of Tanks per US| A46

Ol DENTIFY KEYWORDS FOR LATER RETRIEVAL

SQUG, Tank
DXRES (REPERENCES OR FILES  LIST PRIMARY FILE FIRgY
$P-83-033
VTR TVENDON RAME VENDOR DOTUMENT WOMBER DXRET TOPERSEOED DoCL !
Programmatic Solutions, Inc None Wa
See Attached

R

O NS TURRTT AT TRIETIONS PROPRIVTARY T17
This calculation provides seismic qualification of tanks per the "SQUG" guidelines.

This calculation was done by Programmatic Solutions, Inc. under Contract NOOSY1AA.

NOTE:
Use Tag number only for valid tag numbers (1e . RCV-8 SWV-34 DCH-89) otherwise use Part number fielo
(le, CSC145608 AC1459) If more space is required, write "See Attachment” and It separate sheet

 ont 7 TR ATION TROREET AT TUUPTRVARC TN
ba . ’1’/4 '1 ;
9 MAR Office (if MAR Related) O ves B No Piant Document Updates Required [ Yes B No (it Yes?send copy of th
Mgr Nucl Config Mgt Calculation Review ‘orm to Nuciear Licensing and a copy of the Calculation to
Mgr . Nuel Eng Design the Rasponsible Ogansation(s) dentfied in Part Il on the Calculation Reveew form )
(Original) w/attach AE Moaranagric seiormer B ves T No [ ey oeer)

(¥ yes Transmit wattach)
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A ANty Nuclear Eng neering Desigr (NED) NA1E 3581
Ofice MAC Telephnne

sussEcT Crystal River Unit 3
Quality Documeni Transmittal - Analysis/Calculution. Sheet 2 of 2

10 Records Management - NR2A

DOCNO (FPC DOCUMENT IDENTIFICATION NUMBER) §-96-0013 REV 0

Systems i £ T.ﬂ Nunibers:
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CH CAT-58
b CHTA
DH DCT-1A
oL DCT18
EG DHHE-1A
A DHHE-18
MS DLHE-1A
MU DLAE-1B
SF DLHE-2A
sw DLHE-2B
wD EGT-1A -

EGT-1B
EGT-2A
EGT-28
IADR-1
IAT-1A
IAT-1B
MSV-411-AR1
MSV-411-AR2
MSV411-AR3
MSV-412-AR1
MSV.412-AR2
MSV412.AR3
MSV-413.AR1
MSV413.AR2
MSV413.AR3
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MUHE-28
MUT-1
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SWHE-1D
SWT1
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Em DESIGN ANALYSIS/CALCULATION

Crystal River Unit 3
oote | o3
age ! of 2
§96-0013 | 0

PURPOSE

The purpose of this calcuiation is 1o evaluate the anchorage adequacy under seismic
loading of those i‘ems of equipment identified as Class 21 "Tanks and Heat Exchangers”
according to the SQUG-GIP (Reference 1). The methodology of Section 7 of the PSP
for Seismic Verification of Nuclear Powes Plant Equipmen (Reference 2) was used
where applicable (i.¢., For flat bottomed vertical tanks or for horizontal tanks/heat
exchangers supported on saddles)

For equipment items not meeting the intent of the PSP Section 7 methodology (for
example, small vertical tanks supr .rted on legs), an evaluation of the anchorage is
performed using extremely conservative va'ues to assure ancl.orage adequacy.

DESIGN INPUTS &

Design input values were obtained from . vendor equipment drawings, foundation
drawings and anchorage drawings referenced in the individual evaluations (Attachments
A thiough Appendix O).

Acceleration values used to define the seismic demand for each specific item evaluated
were obtained from Section 5.0 of the E/SQPM (Reference 3).

ASSUMPTIONS

In any instance where required information was not available (such as dimensions,
anchor bolt type, etc.), appropriate conservative assumptions were made and are
documented in the individual evaluations. For example, if required dimensions were not
available, field measurements may have been obtained and these data were referenced
when used; or if the anchor bolt type was unknown, a conservative anchor bolt
dimension, type, and GIP reduction factor would be documented and used in the
evaluation.

REFERENCES

(nH Generic Implementation Procedure (GIP) for Seismic Verification of M« :lear
Power Plant Equipment, Revision 2, SQUG, February 1992,

2) Florida Power Corporation Plant Specific Procedure for Seismic Verification
of Nuclear Power Plant Equipment, Revision 0.

rr
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Crys*ai River Urit 3

Page ¥ of D
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§96-0013 0

50

5.0

(3) Florida Power Corporation "Environmental and Seismic Qualification
Program Manual (E/SQPM)", Rev. 8, Section § 0, Seismic Qualification
Data

TANK AND HEAT EXCHANGER CALCULATIONS
Individual anchorage adequacy evaluations of the following Tlass 21 items of equipment

were performed and are documented in Attachments A through O, respectively, of this
calculation:

ol g T RN R e SRR SR G RN - CAT-5A, CAT-5B
TR T R e R R S CHT-1
Docay Hest Closed Cycle Surge Tamk . . . . .............. DCT-1A, DCT-1B
Decay Heat Removal Heat Exchangers . . . . . . . . . .. ... DHHE-1A, DHHE-1B
Emergency Diesel Generator Lube Oil CooldM.HE-1A, DLHE-1B, DLHE-A, DLHE-2B
Emergency Diesel Generator Air Receivers . . . EGT-1A, EGT-1B, EGT-2A, EGT-2B
Instrument Air Drver TR N N Gk y CX G adaava TN
Instrument Air Receivers AP R e R S T IAT-1A, IAT-1B
Main Steam Valve Air Reservoirs . . . . . . . . MSV-411-AR] Through MSV-414-AR3
RCP Seal Return Coolers i E e .. MUHE-2A, MUHE-2B
Make-Up Tank . . . . . ASRE e TP DNEITRCIEReaSE |
Spent Fuel Coolant Dcmmernhzcr R AR AT A LS e . « « SFDM-1
Nuclear Service CCC Heat Exchangers SWHE IA SWHE 1B, SWHE-1C, SWHE 1D
Nuclear Service Closed Cycle Surge Tank S s 2 W
Waste Gas Decay Tanks . i gl e PN WDT lA WDT 1B, WDT-IC
CONCLUSIONS

It was determined that the anchorage for all of the equipment presented in the individual
anchorage evaluations included in Attachments A thorough O are adequate

For the equipment where the methodology of Section 7 of the PSP for Seismic
Verification of Nuclear Power Plant Equipment (Reference 2) was applied, all
requirements of this procedure were met

For equipment for which simplified analysis methods were used to evaluate the
anchorage it was found in all cases that significant margins remained between calculated
seismic demand and anchorage capacity even though various conservative assumptions
were used.  For example, seismic accelerations were overestimated because 2% damping
curves were used when 4% damping should be applied (because 4% curves were not
available)

WO TN T RS N YRR



A
ST O O

Fiorm DESIGN ANALYSIS/CALCULATION
SNA! Crystal River Unit 3
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$96-0013 ‘ o !
(3 Florida Power Corporation *Environmental and Seismic Qualification
Program Manual (E/SQPM)", Rev. 8, Section 5 0, Seismic Quaiification
Data
5.0 TANK AND HEAT EXCHANGER CALCULATIONS

Individual anchorage adequacy evaluations of the following Class 21 items of ¢ quipment
were performed and are documented in Attachments A throu,a ﬂ respectively, of this
calculation:

LB R T e DS e i CAT-5A, CAT-5B
Chilled Water Expansion Tank . . . . . TV SRR e PR et CHT-1
Decay Heat Closed Cycle Surge Tank . .. ... ............ DCT-1A, DCT-1B
Decay Heat Removal Heat Exchangers . . . . .. .. DHHE-1A, DHHE-1B
Emergency Diesel Generator Lube Oil CooldLHE-1A, DLHE- 1B, DLHE-A, DLHE-2B
Emergency Diesel Generator Air Receivers . . . EGT-1A, EGT-1B, EGT-2A, EGT-2B
Instrument Air Dryer . . . . .. .. AR ek SR e R IADR-1
R E T T IR i e e o ... JAT-1A, IAT-1B
Main Steam Valve Air Reservoirs . . . . . . .. MSV-411-AR] Through MSV-414-AR3
P R I - o« i by MUHE-2A, MUHE-2B
Tk BTl e W e ST R L RN S el MUT-]
BPOIE TN COtlam DOMIDOREMIIE .« « & « ¢« o ¢ (4 i vt et SFDM-1
Nuclear Service CCC Heat Exchangers . SWHE-1A, SWHE-1B, SWHE-1C, SWHE-1D
Nuclewr Service Closed Cycle Surge Tank . . . . ... ... o i i i in vt ans SWT-1
L B R T AR e T NSRS S R S WDT-1A, WDT 1B, WDT-1C
REACTOR CoOLANT WLEFD TANKS . . . ... ., ., L WDT-BA, WOT. 38, wDT- 8¢
REACTIR COelANT DRAIW TANK . . ., ., , , , , , . WDT.§

o E T T R R S S CODMHE-4A, cDHE-4B

CONCLUSION

It was determined that the anchorage for all of the equipment presented in the individual
anchorage evaluations included in Attachments A thorough O are adequate.

For the equipment where the methodology of Section 7 of the PSP for Seismic
Verification of Nuclear Power Plant Equipment (Reference 2) was applied, all
requirements of this procedure were met

For equipment for which simplified analysis methods were used to evaluate the
anchorage it was found in all cases that significant margins remained between calculated
seismic demand and anchorage capacity even though various conservative assumptions
were used. For example, seismic accelerations were overestimated because 2% damping
curves were used when 4% damping should be applied (because 4% curves were not
available).

M
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7 ATTACHMENTS

A Boric Acid Storage Tank Six Pages
B Chilled Water Expansion Tank . . . Five Pages
C Decay Heat Closed Cycle Surge Tank Six Pages
D Pecay Heat Removal Heat . «changers . . . . Six Pages
E Emergency Dies | Generator Lube Oil Coolers Six Pages
P Emergency Diesel Generator Air Receivers . . . . .. . . . .. . Six Pages
G SRR AN DV &« i o« iv i aus SRR R Six Pages
H. Instrumont Ale locelvers . . . ............ va i diesda 0
L Main Steam Valve Air Reservoirs . . . . . ... ... .. .+ «+« Five Pages
J. e g § TR RN S S R S e o Six Pages
K LR A SN S B i T Six Pages
s Spent Fuel Coclant Demineralizer . . . . . ... ........... Six_Pages
M Nuclear Service CCC Heat Exchangers . . . . . ........... Six Pages
N Nuclear Service Closed Cycle Surge Tank | AR F
O Wase Gas Decay Tanks . . . . ........ Six Pages
P REACTER coolANT WLEED “TANKS 22 Pages
Q. REACTOR CootANT DRAIN TANK . 1O PAGES
R MAIN coNbl‘N:dt... . ...1ms
S EXcerrr Froas “civin tmruawc l wn m“ conFERENCE |™] PGS,
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Attachment "A"

Boric Acid Storage Tank

Six Pages Total




Calculation:  S§96-0013 rev. 0
FPC -~ Crystal River Unit 3 Se s el e e
Seismic Verification of Tanks |Rev B Date Chk'dBy Date

':@ta}i‘:;ﬁﬁﬂr B TR T

et e - o

Catculauon For.

e ar—— - N

[Horizontal Tank o S BRI BRI

ettt ottt e o 2 el — e e ———————————— ————ate— —

Equip. ID: | CAT-5A Equipment Description:
Building AUXILIARY
Elevation i | REE _BORIC ACID STORAGE TANK A
Rm Row/Col. | __.‘._!9}2“ / 0 B
Also ) Apolicable for: DS R
_ CAT-5B TR R R S D s,
Tank
Drawing: A-6063 Rev. 2
Anch. Drw.: SC-422-010 and SC-422-043
Vendor: Babcock & Wilcox, Buffalo Tank Div
Model.
Step 1.

See Figure 7-13 of Florida Power Plant Specific Procedure for

(1) Input Data
*Seismic Verificatic of Nuclear Plant EQuipment’, Rev 1, 9/12/94

Aiplicable?
Tank: Diameter (ft) D 9.00 OK
Length (ft) * 17.08 OK
Thickness of tank shell (in) i 0.27 min. thick. calc.
Weight of tank plus fluid (Ibf) Wt 73000.00
Weight density (Ibf/ft~ 3) G am 61.16 OK
Height of c.g. above anchorage (f) Heg 528 OK
Saddle: Spacing (ft) S 9.92 OK
Height of sadd!- nlate from bottom of h 12.00
the tank to - hase plate (in)
Shear modulus (psi) G 1.12E+07
£ sstic modulus (psi) E 2.90E +07
Number of Saddles Ns 2.00 OK
Base Plate: Thickr.«z: 1. s< “late under saddle (in) to 0.75
Min. ynelo renatn (psi) fy 30000.00
Thickness of leg of weld tw 0.25 Assumed
Eccentricity from anchor bolt CL to es 2.70 Assumed
the vertical saddle plate
Bolts Number of locations, each saddle NL 2.00 OK
Number ot anchor bolts per iocation N8B 2.00 oK
Diameter .f anchor bolt (in) d 1.00
Distance between extreme anchor D’ 8.50 OK
bolts in base plate of saddle (ft)
Loading: SSE Floor reponse spectra at 4% damping
CAT-SA Page 1 _of




Calculation:  S96-0013 rev. 0

| e

FPC -~ Crystal River Unit 3

B s ...._.—...._..._._., S ———

B i e R —

Seismic Verification of Tanks |Rev Date Chk'd By Date
, O_J/L m/ﬁ S J%Ax..w, 17 22/96
Calculation For: e -
' Horizontal Tank o 1 2 AR B
TStop 2
(2) Anchor Bolt Allowables (From GIP Section 4.4 and Apperix C)
Allowables for 1.0 Cast-In-Place Bolts
Pnom = 26.69 ksi Viom = 1235 ksi
Rlp = 1.00 embedment red. factor RLs - 1.00
RSp = 1.00 spacing red. factor RSs = 1.00
REp = 1.00 edge distance red. factor REs = 1.00
RFp = 0.95 for fc=3000 psi concrete RFs = 0.93
RCp = 1.00 cracked concrete red. fact. RCs = 1.00
Pu' = Pnom (RLp)(RSp)(REp)(RFp)(RCp) = Pnom (0.93) = 24.71 Kip
Vu' = Vnom (RLs)(RSs)(REs)(RFs)(RCs) = Vaom (0.93) = 12.36 Kip
Step 3.
(3) Base Plate Bending Strength Reducti=n Factor (RB) 3
RB = Bending strength reduction factor = (fy) (tb ~ 2) 0.28
(3) (Pu’)
Step 4.
(4) Base Plate Weld Strength Reduction Factor (RW)
RW = Weld strength red. fact. = (tw) (es) (30600) (2 83) 2.36
Pu'
 FER
) wrooer Tension and Shear Allowable
Pu = (PuU') (smaller of RB, RW) = 563 Kip
Vu = Shear aliowable anchor load = (Vu') = 12.36 Kip
Step 6
(6) Calculated Ratios
Ap = (Pu')/ (W) = 0.46
Wb = (Wtf)/ [(NS)* (NL)*(NB)] = 912500 Ibs
Vu/Wb = 1.35
Heg /D' = 0.62
Heg/S = 0.53
F1=SQRT[(NS"2)+ 1] = 224
F2=SQR7[ (NL"2)* (Hcg/D')"2 + (667"2)
+ ((Hecg/S)"2)* ((NS~2)/(NS-1)"2)] = 1.77
CAT-SA __Page 2 of 5 |




Calculation:  S96-0013 rev. 0

FPC - Crystal River Unit 3 s s
Seismic Verification of Tanks [Rev By  Dute Chk'dBy Date

o 7p il Ps | auea

e g e e e ed

Caiculation For:
'Hor.zontal Tank

S R S ——

— i T R e —— T

Step 7.
(7) Determine Acceleration Capacity of Tank Anchorage
Llow = [ (Vu) /(W) ]*[(1)/(F1)] = 061 g
lup = [(Vu)/(Wb)+ (07)/(Alp)] = 068 g
((2.7)/ (Alp) ] * (F2) + (F1)
Lamb = Smaller of Liow or Lup = 058 g
Step 8:
(8) Is Tank/Heat Exchanger Rigid or Flexible in Transverse or Vertical?
Sc = From Figure 714 for Tanks = 20.00 ft
(Use D = 9.000 ft )
(Use t = 0.269 in)
Is Tank / Heat Exchanger Rigid or Flexible ? g
Rigid if Sc >or=S, Flexible if Sc < S
From Step 1, S = 9917 f
Tank in Transverse or Vertical Direction is Rigid
Step 9.

(9) Is Tank/Heat Exchanger Rigid or Flexible in Longitudinal Direction?
Fiong. = [(1)/(2PI) ] © SQRT[ (ks)*(g) / (Wtf) ]

where ks = 1 =
e R B .
(S*E*lyy) (As * G)
( Use lyy = 18331 n"4)
( Use As = 2391 in*2)

therefore, ks = 6.52E+06
Flong. = 29.5685

Tank in Longitudinal Direction (see Note below): Rigid
(Rigid if Flong >or= 33, Flexible if Flong < 33)

Note: The preceeding evaluation of ks is for unbraced saddies. The saddles for
the horizontal tank in question are braced by two cross members connecting
the top and bottom extremes of the saddles on each side of the tank. This
cross bracing supplies significant stiffening to the bending resistance of the
saddles. The calculated longitudinal frequency (9.6 Hz) underestimates
the actual freque: cy and the tank will be assumed as rigid (Flong > 33). Itis
also noted that the aximum acceleration in the range above 20 Hz is much
less than the spectral peak ( < 0.15gvs. 0.71 g).

CAT_SA _ Page 3 of 5 |




Calculation:  S96-0013 rev. 0
FPC — Crystal River Unit 3 R e R LR AR B e e
Seismic Verificationof Tanks |Rev 8y ~ Dae  ChkdBy = Date
07 Wikl | W | \aa/aq |
Calculation For: 5 AR ST ORI LR
| Horizontal Tank %0 O BREE ¥ : St A
5!09 15:

(10) Compare Seismic Demand to Capacity Acceleratior
From Steps 8 and 9, if tank/heat exchanger is:
rigid - Use Zero Period Acceleraiion (ZPA) of 4% damped floor

response spectrum
flexible ~ Use Peak Spectral Acceleration (SPA) of 4% damped floor

response spectrum

The seismic loading is the 4% damped SSE spectra for the Auxiliary Building at 119’ which
is determined in FPC calculation S-94-0011, *Seismic Verification of Tanks - SQUG

Anzhorage is Adequate if:
(1)

Methodology*, Rev. 0, 1/19/94. From calculation S-94-0011 pages 27 and 28

OBE FRS Peak (4% damping) = 0353 g

OBE FRS ZPA (4% damping) = 0050 ¢
Since tank is rigid, use 4% SSE ZPA (SSE ZPA = 2 times OBE ZPA),

therefore, Horizontal 4% SSE ZFPA = 010 g
Vertical 4% SSE ZPA (2/3 Horiz.) = DAY 8 .

Lamb > ZPA (for rigid tanks/heat exchangers) or

(2) Lamb > SPA (for flexible tanks/heat exchangers)

ZPA (use ZPA as explained above) = 010 g
Anchorage Capacity, Lamb, from Step 7 = .58 g
Check if Capacity {Lamb) > Demand (ZPA) ? OK

Step 11;
(11) Confirm Stresses in the Saddle are Acceptable

The saddle and stiffners are only about 5" deep (between the Saddle pad and top of the
plinth). In addition the saddles are well braced laterally (two cross members connecting
top and bottom of each saddle on each side of tank). Bending of the braced saddle is
adequate by inspection.

For shear the anchorage has been determined as adequate and the ariount of shear area
in the stiffened saddles is much greater than the area of the anchor bolts (4 1" anchor bolts
per plinth). The shear capacity of the saddles is also adequate by inspection.

CONCLUSION
The Horizontal Tanks under evaluation:
CAT-5A
[~ CAt-38 |

are acceptable in accordance with Section 7 of the FPC PSP for "Seismic Verification
of Nuclear Plant Equipment”.

CAT-5A Pajo 3 4 5




Calculation: S$96-0013 rev. 0

FPC - Crystal River Unit 3

Seismic Verification of Tanks [Rev &y  Om
014N | K

Chk'd By Date

s 1w

=
T
<« e

Calculation For:
Horizontal Tank

— G—— . -

FLORIDA POWER CORPORATION |« $-423-043 | 0 | sc-423.0¢43
3T ATIRARG . FLORIDA Woul Geoar W1 Wawe CR
CRYSTAL RIVAR PLAN! e R TEOTINE, TN e P e
o NG 3 n0O KW ENGINEERS AND COMSULTANTS
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Attachment "B"
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Calculation:  §96-0013 rev. 0

FPC -~ Crystal River Unit 3
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Calculation For:

e .

‘Tank suspended on 4 Legs
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Seismic Verification of Tanks |rev By | Date  Chk'dBy

) /7#/? ._,__@71(__« Pd?

Date

.

: Mi 2796

Equip. ID: [ CHT-1 Equipment Description.
Building: CONTROL

Rm Row/Col; L_é_O_Q:L [
Also Applicable for:

Elevation: (“ 181 | _CHILLED WATER EXPANSION TANK

 .rizontal Tank Suspended on 4 Legs
Drawing: §5-144-1-0 (SD 400-3)
Anch. Drw.: SC-405-045 and SC-423-037
Vendor: Taco Inc.
Model ASME Expansion Tank SD 400-3

adequacy of the iank anchorage

Methodology Tank CHT -1 is a small tank suspended from the ceiling on four legs with
cross bracing in both directions. Each leg is attached to the reinforced
concrete ceiling with 4 approx. 1/2" diameter anchor bolts. Field inspection
verified that the tank is welded to the saddles which prevents longitudinal
motion and (1) prevents the tank from falling and (2) prevents pipe break.
The SQUG methodology given in Section 7 of the Florida Power PSP "Seismic
Verification of Nuclear Plant Equipment”, Rev. 1, 9/12/94 is not applicable

The following simplified calculation uses conservative assumptions for the
anchor bolt size and type, overestimates appi'cable seismic accelerations,
and uses conservative values for uncertain dimensions to determine the

Dimensions Dimensions are obtained from the referenced drawing when possible and

from conservative measurements obtained during walkdowns (as noted)

Tank: Outside Diameter (in) D 16.00 fror1 drawing
Overall Length (in) L 72.00 from drawing
Weight of the tank (galvanized) (Ib) Wi " 133 Ib trom drawing
Tank Capacity (gal) C 60 from drawing
Weight of water (Ib/gal) Ww 8.34
Distance base plate to tank c.g (in) h 48 00 field estimate

Anchorage: (Assume worst case = unknown 3/8" expansion anchors)
D.ameter Anchor Bolt (in) ba 0.375 Assumed
Number anchor bolt total Nb 16.00
Numoer bolt per leg N leg 400
Boit Embedment (approx.) (in) Lo 3.75 10 x Diam
Concrete strength (psi) f'e 3000.00

Base Plate. Thickness base plate each leg (in) tbp 0.50 field estimate
Side Dimensions (in) | bp 800 field estimate
Base plate spacing (narrow) (in) s 20.00 field estimate

Page 1 _of 4
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Calculation:  §96-0013 rev. 0
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Calculation
(1) Weight

(2) C. G

(3) Loading

(4) Overturning

The tank weight consists of the empty tank and the contents:

Wtank = W1t + Wcontents =
Wtank = (Wt) + (C)x(Ww) = 633 Ib
Use Wtank = 650 Ib

The tank C. G. was estimated during the walkdown to be less than 4’
from the anchorage base - plate.

CG = 48 00 in

To determine the Seismic Demand should use Control Comy lex Elev. 181'
SSE floor reponse spectra at 4% damping. The spectra for tne Control
Complex at 193 are obtained from Figure 19A in the FPC *Environmental

and Seismic Qualification Program Manual', (E/SQPM), Rev. 8, Section 5.0,

Seismic Qualification Data. -

SSE Spectrum Peak (3% damping) = 1.35g ZPAfor 3% = 0.25g
SSE Spectrum Peak (5% damping) = 1.10g ZPAfor §% = 0.259

Tank is cross braced in both horizontal directions and is probably rigid,

however, conservatively use peak floor response spectrum applies and

further, conservatively use 3% SSE values as 4% SSE values:
Horizontal 4% SSE Peak = 135 ¢
Vertical 4% SSE Peak (2/3 Horiz) = 090 g

Worst case will be for horizontal earthquake acting in the narrow tank leg
direction (see figur2). Vertical seismic force act in a downward direction
assisting pullout.
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Calculation:  S96-0013 rev. 0
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Overturning (Continued)

(a) Conservatively determine the pullout force per leg as the sum of the
pullout per leg due to vertical seismic loads plus the two pullout loads
due to horizontal seismic loads acting parallel and perpendicu‘ar to

the tank axis, i e,
Puliout/leg = P1 + P2 + P3, where

1. Pullout due to vertical earthquake per leg:

Pl = (W)*(1.0 + SSEvert)/4 = 309 b
2 Pullout due to worst horiz. earthquake per leg:
P2 =~ (W)*(SSEhor)*(h)/(D*2) = 1316 Ib
3. Pullout due to other horiz. earthquake per leg:
P3 = (W)*(SSEhor)*(h)/(Am*2) = 439 Ib
(estimate Arm = 48" from field measurement) 2
Therefore, Puliout/leg = P = P1 + P2 + P3= 2064 Ib
(b) Determine anchor bolt pullout forces, Pu:
Each tank leg has 4 anchor bolts, maximum pullout per
anchor bolts:
Pu = (P)/4 = 516 Ib
(¢) Determine anchor bolt shear forces, Vu:
Total shear = (W) (SSE Horiz. ) = 878 Ib
Vu = (Totalshear)/ (16 bolts) = 55 Ib
(5) Anchor Bolt Allowables  (Assume = unknawn 5, 3" expansion anchers)
Conservatively assume that the anchor bolts are 3/8" expansion anchors of
unknown type to minimize allowables (bolts are probably 1/2" diameter
cast-in-place bolts).
Allowables for 3/8' Expansion Anchor Bolts (From GIP Table C.2.1)
Pnom = 1.46 ksi Vnom = 1.42 ksi
RTp = 0.60 type red. factor RTs = 0.60
Rlp = 1.00 embedment red. factor RLs = 1.00
RSp = 1.00 spacing red. factor RSs = 1.00
REp = 1.00 edge distance red. factor REs = 1.00
RFp = 0.93 for fc=3000 psi concrete  RFs = 093
RCp = 1.00 cracked concrete red. fact RCs = 1.00
Pu' = Pnom (RTp) (RLp) (RSp) (REp) (RFp) (RCp) = 0.81 Kip
Vu' = Vnom (RTs) (RLs) (RSs) (REs) (RFs) (RCs) = 0.79 Kip
CHT -1 Page 3 of




Calculation:  $96-0013 rev. 0

Interaction: The linear interaction formula for expansion bolts is taken from
Section C.2.11 of the GIP:

Pu + Vu._ %3

Pall V all

0.64 + 007 = on OK

CONCLUSION

This extremely conservative analysis demonstrates that the tank under evaluation
would be adequately anchored even if the worst case assumption of 3/8" expansion
anchors of unknown type and manufacture is imposed.

The tank under evaluation:

i CHT -1

|

is acceptable.

FPC - Crystal River Unit 3 SRl R DR AN R e
Seismic Verification of Tanks |Re By  Date ~ ChkdBy Date_
, LER7Z2/ /073’/4! Els_m.+ J zz/er.-
Qbulatnon For; s e WUERRAEN BREN
' Tank suspended on 4 Legs | PR WA DRI e 4
e
(6) Evaluate Anchorage
Allowable > Maximum?
Maximum anchor bolt pullout 811 Ib §16 b OK
Maximum anchor bolt shear 789 Ib 55 b OK

CHT -1 Page 4 of
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Calculation:  S96-0013 rev. 0

FPC — Crystal River Unit 3 e SRR O
Seism, . Verification of Tanks |Rev By ~ Date  ChkdBy  Date
OF AT Pds  \wha/as
STV UL A S RS DR SRS eSS
w0 Ry TR D N R CLNen BN SeminaE
Equip. ID: | DCT-1A | Equipment Description: e
Building: AUXILIARY DECAY HEAT CLOSED CYCLE SURGE
Elevation: 095 | TANK T e o

Rm Row/Col:_ 306/S

Also Applicable for.
IR .

Vertical Tank oir 4 Wide Flange Legs

Methodology

Dimensions

Tank:

Anchorage

Base Plate:

Drawing: §-315-D2 Rev. 3 (M001859)
Anch. Drw.: SC-422-042 and SC-423-026
Vendor: Plant City Steel Co

Model: Vert'cal Dished Head 5000 Gal Tank

Tank DCT - 1A is not a flat bottomed vertical tank so the SQUG methodology
given in Section 7 of the Florida Power PSP "Seismic Verification of Nuclear
Plant Equipment*, Rev. 1, 9/12/94, is not applicable. DCT~-1A is supported by
4 wide flange sections (BWF31) spaced at 90% around the perimeter. Since
the tank anchorage will be the critical element, this calculation will focus on
the anchorage.

Dimensions are obtained from the referenced drawings

Outside Diameter (in) D 90.00
Overall Height (in) H 195.00
Thickness of tank shell (in) ts 0.250
Thickness of tank head (top/bottom) (in) th 0.375
Weight density steel (Ibf/in * 3) W st 0.2840
Weight density fluid (Ibf/in ™ 3) W 0.0361
reight of shell portion (in) hs 157.00
Height of heads (top & bottom) (in) hn 19.00
Nominal Height of water (in) hw 159.00
Cast-in-Place Bolts (see SC-423-026)

Diameter Anchor Bolt (in) b4 0.875
Number anchor boit total Nb 8.00
Number bolt per leg N leg 2.00
Bolt Embedment (approx.) (in) Lo 10.00
Bolt Spacing (center to center) (in) Sb 5.00
Bolt Edge Distance (in) Eb 6.50
Concrete strength (psi) e 3000.00
Thickness base plate each leg (in) t bp 1.00
Side Dimensions (in) | bp 12.00

Page 1 of S/




Calculation:  S96-0013 rev. 0

FPC - Crystal River Unit 3

e -

(4) Overturning

Seismic Verification of Tanks |Rev "1 Daw | Owe®y | Do ]
,_,_:27%__‘ a’z&rﬁ,_ms_“_qm
Caiculation For: i
[_Vertical Tankond4legs | | | & | | b
| St
Caiculation
(1) Weight The tank weigh' consists of the shell portion and the top and bottom heads.
The tank is cons arvatively assumed to be cylindrical with top and bottom
circular disks:
Wiank = Wshe!l + 2 (Whead) + Wcontents =
Wshel = (pi) (D) (hs) (ts) (Wst) = 3152 Ib
W head = 2 (pi) (th) [(D) (hh) + (D/2) " 2] (Wst) = 2499 b
Weontents = (pi) (D/2) 2 (hw) (W) = * 36516 b
Witank = 42167 b
(2) C. G The tank is located 2'-6" above the anchorage. The C. G. is calculated
from the anchorage base - plate. =
Tank cg = (W Steel) (H/2) + (W water) (hw/2) 81.91 in
(W tank)
CG = (Tankeg) + (2'—-6") = 11191 iIn
(3) Loading To determine the Seismic Demand should use Auxiliary Building Elev. 95’

SSE floor reponse spectra at 4% damping. The spectra for the Auxiliary
Building at 95' are identical to the Ground Response spectra. [Reference:
*Environmental and Seismic Qualification Program Manual®, (E/SQPM),
Rev. 8, Section 5.0 Seismic Qualification Data, Figure 22).

OBE Spectrum Peak (2% damping) = 0.135g  ZPA for 2% = 0.05g
OBE Spectrum Peak (5% damping) = 0.100g ZPAfor 5% = 0.05g

Conservatively for 4% SSE use 2 times the 2% OBE,
therefore, Horizontal 4% SSE Peak = 0.2
Vertical 4% SSE Peak (2/3 Horiz.) = 0.1

© O

7
8
Assume tank is flexible, use Spectral Peak as acceleration

Worst case wiil be for horizontal earthquake at 45 degrees to tank legs.
Therefore determine overturning for horizontal along 45 deg to legs and
vertical earthquake acting upw=rd (assisting overturning)

Let F1 and F2 each represent vertical force in two legs (see Figure), i.e.,
F1 is the upward force resisting overturning and f2 is the force 23sisting

overturning.
Page 2 ol 5




Calcalation:  S96-0013 rev. 0

FPC - C

Seismic Verification of Tanks  [rey/

Calculation For:

stal River Unit 3 : e

D e

i, | ale | Chk'dBy Date
0 71/72 lii e Pds | 13/13/4s

e o

La |
___Vertical Tank on 4 Legs | | 1

Overturning (Continued)

SECTIon AA
(a) Momentarm = Arm =
[(D/2) + (Ibp/2) ] /sqrt(2) = 36.06 in
(b) Sum Forces vertical:
F1 + F2 = (Wtank) (1.0 - SSE vert) = :
F1 + F2 = 42167 Ib* (082 = 34577 Ib

(¢} Sum Moments about Z:

(d) Solve equations (c) and (b) for F1:

(e) Determine anchor bolt pullout forces:

() Determine anchor bolt shear forces:

F1 (Arm) = F2 (Arm) + (W tank) (SSE hor) (2g) =
F1 - F2 = (Wtank) (SSE hor) (cg) / (Arm) = 35331 Ib

Fl+(Fl- 35331 ) = 34577 Ib
F1 = 34954 Ib
F2 = -377 Ib

Each force (F1 and F2) represent two of the tank legs and each le3 has two
7/8" diameter anchor bolts. The maximum and minimum forces are
Max. anchorage vertical force (F1/4) = 8738 Ib

Min. anchorage vertical force (F2/4) = -94 ib
Since negative anchorage forces represent bolt puliout, only the minimum
force needs to be considered for this tank. Py = 94 b

Total shear = (W tank) (SSE Heriz. ) = 11385 Ib
Bolt shear = ( Total shear)/ (8 bolts) = Vu = 1423 Ib

Page 3 of 5,




Calculation:  S96-0013 rev. 0

FPC -~ Crystal River Unit 3 EiEa it e e e
Seismic Verification of Tanks n.v“ =+ m Chk'dBy

_Date ""4

Calculation For.
_Vertical Tank on 4 Logs
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. S e SR S —

(5) Anchor Bolt Allowables  (From GIP Section 4 4 and Appendix C)
Allowables for 7/8" Cast-In-Place Bolts (From SC-423-026)

Pnom = 20 44 ks vnom = 10.22 ksi
Rlp = 1.00 embedment red. factor RLs = 1.00
RSp = 0.80 spacing red. factor RSs = 1.00
REp = 0.94 edge distance red. factor REs = 0.72
RFp = 0.93 for fc=3000 psi cor.crete RFs = 0.93
Cp = 1.00 cracked concrete red. factt RCs = 1.00
Pu' = Pnom (RLp) (RSp) (REp) (RFp) (RCp) = 14.31 Kip
VUu' = Vnom (RLs) (RSs) (REs) (RFs) (RCs) = 6.84 Kip
(6) Evaluate Anchorage
Allowable > Maximum? =
Maximum anchor bolt pullout 14308 Ib 94 b OK
Maximum anchor bolt shear 6840 Ib 1423 b QK

Interaction: The interaction curves for cast-in-place bolts are taken from

Section C.3.7 and Figure C.3-2 of the GIP. Since the GIP anchorage
criteria for cast-in - place bolts and headed studs ensure that failure

does not occur in concrete, the interaction formulation for steel
failure is recommended

for 0.0 < (VNVa) < 0.3, (P/Pa) < 1

for03 < (VVa) <10, 07x(P/Pa)+ (VVa) < 1

therefcre, Since (V/Va) = 021
(P/Pa) = 0.01
CONCLUSION
The tanks under evaluation
L__BCT-1A ]
__OCT-18 |

are acceptable.

OK
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Calculation:  S96-0013 rev. 0

FPC -~ Crystal River Unit 3 Z - e = #8
Seismic Verification of Tanks Rcv‘ S 1 Date | ChkdBy | Date
1 Mz ﬂz}@--. }?h ‘___\]:z/a:.
.,alcs._olataon For. i SRR TS s “
Horizontal Heat Exchangor T SRR B e “%
Equip. ID:  [DHHE-1A Equipment Description:
Building | AUXILIARY DECAY HEAT REMOVAL HEAT
Elevation: 075 x [_E_)ggﬁ_ANGEB_ e e e

Rm Row/Col. 304/P-Q
Also Applicable for:
' DHHE - 18

Step 1
(1) InputData See Figure 7-13 of Florida Power Plant Spacific Procedure for

Heat Exchanger
Drawing: 68-G-198--2-1 Rev§
Anch. Drw ;. SC-422-003, SC~-422-004 and SC~-423-021
Vendor: Yuba Heat Transfer Co.
Model: BEU-37-237

*Seismic Verification of Nuclear Plant Equipment’, Rev. 1, 9/12/94

Appliicable?
Tank Diameter (ft) D ‘812 OK
Length (ft) L ‘2883 oK
Thickness of tank shell /in) t 0.24
Weight of tank plus fluid (Ibf) W 30800.09
Weight density (Ibf/it* 3) Gam 13943 OK
Height of c.g. above anchorage (ft) Heg 2.32 0K
Saddle: Spacing (ft) S - 14.67 0K
Height of saddle plate from bottom of h 914
the tank to the base plate (in)
Shear modulus (psi) G 1.12k
Elastic modulus (psi) E 2 90E +
Number of Saddles N 2.0 oK
Base Plate: Thickness base plate under saddle (in) to 0.63
Min. yield strength (psi) fy 30000.00 ]
Thickness of leg of weld tw 0.25 A i
Eccentricity from anchor bolt CL to es 3.00 :
the vertical saddle plate
Bolts Number of locations, each saddle NL +2.00 CK
Number of anchor bolts per location Ng 1.00 OK
Diameter of anchor bolt (in) d 1.00
Distance between extreme anchor D'  2.28 0K

bolts in base plate of saddle (ft)

Loading SSE Floor reponse spectra at 4% damping

QHH§—1A Pago 3 _ 2




Calculation:  S96-0013 rev. O

M
gP'C -‘C s't‘lil Htl‘vor l.:nTn 3" e Sl -
eismic vermmcation of Tanks Rovi | & MDalo'_ Chkd!ym 3 QIIO
0. fﬂ_ R0 /[&}1 S R L/ .
Calculation For: Y e I i RS N 12/’
[Horizontal Heat Exchangar] |~ [ 1 b 5
} i il ' : Sl

Stop 2
(2) Anchor Bolt Allowsbles  (From GIP Section 4.4 end Appe'idix C Table C.3-1)

Allowables for 1.0" Cast-In~Place Bolts (Mark D49 type 2 from SC-423-021)
also from SC-422-041)

ctual Embedment = 19.00 Allowable= 10.00 in
Actual Spacing = 27.00 Allowable= 1263 in
Actual Edge Distance = 9.00 Allowable= 875 in
Pnom = 26,69 ksi vnom = 13.35 ksi
RLp = 1.00 embedment red. factor RLs = 1.00
RSp = 1.00 spacing red. factor RSs = 1.00
REp = 1.00 odqo distance red. factor REs = 1.00
RFp = 0.93 for fc=3000 psi concrete RFs = 093
RCp = 1.00 cracked concrete red. fact RCs = 1.00
Pu' = Pnom (RLp)(RSp)(REp)(RFp)(RCp) = 24.71 Kip
VU' = Vnom (RLs)(RSs)(REs)(RFs)(RCs) = 12.36 Kip _
Step 3.
(3) Base Plate Bending Strength Reduction Factor (RB)
RB = Bending stiength raduction factor = (fy) (tb ~ 2) " 0.16
(3) (Pu)
Step 4.
(4) Base Plate Weld Strength Reduction Factor (RW)
RB = Weld st angth red. fact. = (tw) (es) (30600) (2.83) '2.63
Pu'
Step 5.
(5) Anchor Tension and Shear Allowable
Pu = (Pu') (smaller of RB, RW) = 3.91 Kip
Vu = Shear allowable arichor load = (Vu') = ©12.36 Kip
“tep €.
- Calculeted Ratios
Alp = (Pu')/ (VW) = 0.32
Wb = (Wtf)/ [ (NS) * (NL) * (NB) ] = * 7700.00 Ibs
Vu/Wh = - 1.61
Heg /D' = 1.03
Heg /S = 0.16
F1=SQRT[(NS"2)+ 1] = 1 2.24

F2 = SQRT[(NL 2)* (Hcg/D) 2 + (667°2)
+ ((Heg/S)"2)* ((NS~2)/(NS=1)"2)] = 219




Calculation:  S96-0013 rev. 0

FPC - Crystal River Unit 3 [ , AR SR —
Seismic Verification of Tanks [re/ O 90 ChkdBy |  Date |
| o] QM za]“ Zf J}asm ql:z/%
gabulatm For. i B Sy
'Horizontal Heat Exchanger | | " - 4!__ SRR [ ! R
— - :
Step 7
(7) Determine Acceleration Capacity of Tank Anchorage
Llow = [ (Vu)/ (Wb)]*[(1)/(F1)] = 072 g

b = LM RRINgL - 0M9
[(0.7)/ (Alp) ] * (F2) + (F1)

Lamb = Smaller of Llow or Lup = 054 g

Step 8.
(8) Is Tank/Heat Fxchanger Rigid or Flexible in Transverse or Vertical?
S¢c = From Figure 7~ 15 for Heat Exch. = 12.00 f#t

(Use D = 3123 ft )
(Use t = 0.237 in)

Is Tank / Heat Exchanger Rigid or Flexible ?
Rigid if Sc »or=8, Flexible f Sc < §
From Step 1, § = 14.667

Tank / Heat Exchanger in Transverse or Vertical = Flexible

Step 9.
(9) Is Tank/Heat Exchanger Rigid or Flexible in Longitudinal Direction?

Flong. = [(1)/(2P1)] * SQRT[ (ks)*(@) / (Wtf) )
where ks = 1

e L Al geReas Wl
(3*E *lyy) (As * G)
( Use lyy = 1415 in"4)
( Use As = 3025 n"2)

therefore, ks = 1.65E+0¢
Flong. = 22.1603

Tank / Heat Exchanger in Longitudinal Direction = Flexible

Step 10
(10) Compare Seismic Demand to Capacity Acceleration

From Steps 8 and 9, if tank/heat exchanger is:
rigid - Use Zero Period Acceleration (ZPA) of 4% dampad floor
response spectrum
flexible — Use Peak Spectral Acceleration (SPA) of 4% damped floor

response spectrum




Calculation:  S96-0013 rev. 0

FPC -~ Crystal River Unit 3 i e
{ 2ismic Verification of Taiks |rev s ’mcéki a8y | O |
-..,_ﬁt_ .Ml’_~+___ S_“_*,.:m
Calr.ulation For: o | i AR SRR
‘Horizontal Heat Exchanger | ] i USRS R

Step 10 (Continued):
The seismic loading is the 4% damped SSE spectra for the Auxiliary Buiiding at 78" which
are identical to the grou.d response spectra. [Reference: "Environmental and Seismic
Qualification Program Manual®, (E/SQPM), Rev. 8, Section 5 0 Seismic Qualification Data,
Figure 22]. From E/SQPM Section 5.0,

OBE Spectrum Peak (2% damping) = 0.135g ZPA for 2% = 0.05g
ABE Spectrum Peak (5% damping) = 0.100g ZPA for §% = 0.05g

Conservatively, for 4% SSE take 2 times 2% OBE Peak =
therefo,., Horizontal 4% SSE Peak = 027 g
Vertical 4% SSE Peak (2/3 Horiz ) = 018 g

Anchorage is Adequate if.
(1) Lamb > ZPA (for rigid tanks/heat exchangers) or
(2) Lamb > SPA (for flexible tanks/heat exchangers)

SPA (use peak as specified above) = 027 g
Anchorage Capacity, Lamb, from Step 7 = 054 g
Check if Capacity (Lamb) > Demand (SPA) ? OK

Step 11.

(11) Confirm Stresses in the Saddle a’e Acceptable
The saddle and stiffners are only about 6" deep (between the Saddie pad and top of the
plinth). Bendir _ of the stiffened saddle is adequate by inspection.
For shear tha anchorage has been determined as adequate and the amount of shear area
in the stiffened saddles is much greater than the area of the anchor bolts (2 1" anchor bolts
per plinth) and is thierefore also adequate.

CONCLUSION
The Heat Exchangers under evaluation:

-

[__DHHE-1A |

[ DHHE-1B |

are acceptable in accordance wnc Section 7 of the FPC PSP for "Seismic Verification
- uclear Plant Equipment”.

DHHE - 1A Pﬂo 4 of §
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FPC ~ Crystal River Unit 3 & 7
Seismic Verification of Tanks |Rev By  Date Chk'd By Date
0 /Dm | 3dif | Pdr | t/:u./qs
Calculation For 4 | |
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Calculation:  S96-0013 rev. 0

FPC - Crystal River Unit 3
Seismic Verification of Tanks

Calculation For. [ DUHE-TA
_Horizontal Heat Exchanger

“Chk'dBy  Date

S S

B S S S——— e et e e

Q| w0l | Pds  13/13/45 |

-

—

Equip. ID: DI HE-1A | Equipment Description.
Bulding: | DIESEL | EMERGENCY DIESEL GENERATOR
Elevation: | 119 | LA O COOLER (A

Rm Row/Col:| 301/Q |

Also Applicablefor:
'DLHE-1B, DLHE-2A ard DLHE-2B

Horizontal Heat Exchanger
Drawing: §-047-19~-142-061
Anch. Drw.: SC-421-176
Vendor: Colt Industries
Model: 19142 "CPK" Stacking

Methodology:

The DLHE heat exchangers are stacked one on top of the other. In the following
calculation it is assumed that the length of the "saddle” member extends from the
bottom of the upper heat exchanger to the top of the base plate at the foundation, The
weight is also increased by the ratio of the moments about the base to adjust for the
presence of the bottom heat exchanger,; thatis, W = [ (h1 + h2) /h2 ] x W, where h1 s
the height to the cg of the lower heat exchianger, h2 is the height of the cg of the upper
heat exchanger, and W is the weight of one heat axchanger This is very conservative
since the heat exchangers are actually ‘connected" by four sections along the length (2
pipe sections and two stiffened saddles about 10" high) and will be much stiffer than the
assumed configuration

The anchorage configuration beneath the two saddle base plates are different (see
drawing SC--421-176 for details). One configuration uses four 1" diameter by 1’ long,
Phillips Wecdge anchors WS -~ 100120 with 7" minimum embedment while the other uses
four 3/4" bv 1'-3.5" long Maxi~boits MB ~ 750 with 9.25" minimum embedment. This
calculation presents the Phillips configuration since the saddle stiffness is lower and the
anchorage capacity reduction factors are greater, however, both configurations are OK.

Step 1:
(1) InputData See Figure 7-13 of Florida Power Plant Specific Procedure for
*Seismic Verification of Nuclear Plant Equipment”, Rev 1, 9/12/94
(Notes are at the bottom of page 4))

Applicabla?
Tank. Diameter (ft) D *1.67 oK
Length (f) L 1478 oK
Thickness of tank shell (in) t 0.38 3/8 in
Waeight of tank plus fluid (Ibf) W 8000.00 See Note 1
Waeight density (Ibf/ft ~ 3) G am 186 84 See Note 1
Height of ¢.g. above anchorage (ft) Hecg 3.58
Saddle: Spacing (ft) S ~ 7.8 OK
Height of saddle plate from bottom of h 33.00
the tank to the base plate (in)
Shear modulus (psi) G 1.12E+07
Elastic modulus (psi) E 2.90E+07
Number of Saddies Ns 2.00 oK

DLHE-1A _ Page 1_of

S




Calculation:  S96-0013 rev. 0

FPC — Crystal River Unit 3 gt e =
Seismi~ Verification of Tanks |Rev Z__ o Dm g éqg‘g_a_y : u/p_.y.ﬁ
i _o @j SRR T \3/95
Calculation For: | DLHE-1A | as =
' Horizontal | Hnt Exchange i : 2 1 =1 :
}
Base Plate: Thickness base plaie under saddle (in) to 078
Min. yield strength (psi) fy 3000000
Thickness of leg of weld tw 0.38
Eccentricity from anchor bolt CL to es 300
the vertical saddle plate
Bolts Number of locations, each saddie NL 200 OK
tHumber of anchor bolts per location N8 200 OK
Diameter of anchor bolt (in) d 1.00
Distance between extreme anchor 0’ 142 oK
bolts in base plate of saddle (f)
Loading: SSE Floor reponse spectra at 4% damping
Step 2 =
(2) Anchor Bolt Allowables  (From GIP Section 4 4 and Appendix C "able C.2-1)
Aliowables for 1.0" Phillips Wedge WS- 100120 Expansion Anchors see SC-421~176)
Actual Embedment = 7.00 Min. Aliow= 450 in
Actual Spacing = 9.00 Min Allow= 10.00 in
Actual Edge Distance = 1200 Min. Allow= 1000 in
Pnom = 6.95 ksi vnom = 963 ksi
RTp = 1.00 manuf. type red. factor RTs = 1.00
Rlp = 1.00 embedment red. factor RLs = 1.00
RSp = 0.90 spacing red. factor RSs = 1.00
REp = 1.00 edge distance red. factor REs = 1.00
RFp = 0.87 for fc=3000 psi concrete  RFs = 095
RCp = 1.00 cracked concrete red fact RCs = 1.00
RRp = 1.00 essential relays red. factor RRs = 1.00
Pu' = Pnom (RTp)(RLp)(RSp)(REp)(RFp)(RCp)(RRp) = 542 Kip
Vu' = Vnom (RTs)(RPLs)(RSs)(REs)(RFs)(RCs)(RRs) = 9.05 Kip
Step 3.
(3) Base Plate Bending Strength Reduction Factor (RB)
RB = Bending strength reduction factor = (fy) (tb * 2) 1.04
(3) (Pu’)
Step 4.
(4) Base Plate Weld Strength Reduction Factor (RW)
RB = Weld strength red. fact = (tw) (es) (30600) (2 83) 17.97
Pu'
HE - 1A Page of




Calculation:  S96-0013 rev. 0

P e e e 3
FPC -~ Crystal River Unit 3 S5 e
Seis~.ic Verification of Tanks n.v TSR el G kdBy _0;; 3

N_,_ﬂ‘d% A7 E W 95 |
Calculation For: [ DLHE-TA | | T
 Horizontal Heat Exchanjog_ o A TOYNESERRST WRihase ) (SRR T BT
Step 5.
(5) Anchor Tension and Shear Allowable
Pu = (Pu’) (smaller of RB, R\) = 563 Kip
Vu = Shear allowable anchor load = (Vu') = 9.05 Kip
Step 6.
\6) Calculated agtios
Pu') g 0.62
((Mf) (NS)*(NL)*(NB) ] = 100(9382 Ibs
Hcg/S = 0.50
=SQRT[(NS"2)!+ 1) = 224
FZ-SQRT NL"2)'(Hc /D) + (667 2)
+ ((Heg/S)"2)* ((NS 2)/(NS 1)92)] = 5.20
Step 7. -
(7) Determine Acceleration Capacity of Tank Anchorage
Llow = l(Vu)/(Wb)l (m/(Fm = 405 g
Lamb = Smallor of Llow or Lup 126 g
Step 8
!8) Is Tank/Heat Exchanger Rigid or Flexible in Transverse or Vertical?
S¢c = From Figure 7~ 15 for Heat Exch. = 11.00 #
Use D = 1.667 ft )
Use t = 0.375 in)
Is Tank / Heat Exchanger Rigid or Flexible ?
Rigid if Sc >or=S, Flexible if Sc < S
From Step 1, § = 7.208 ft
Tank / Heat Exchanger in Transverse or Vertical = Rigid
Step 9.
(9) s Tank/Heat Exchanger Rigid or Flexible in Longitudinal Direction?
Flong. = [(1)/(2PI)] * SQRT[ (ks)*(g) / (Wtf) )
where ks = PR PRREE Rt it
S el R + hREE ol
(3*E*lyy) (As 'lG
Use lyy = 24324 in"4)
Use As = 2050 in"2)
therefore, ks = 543E+05
Flong. = 257684
Tank / Heat Exchanger in Longitudinal Direction : Flexible
ey, DLHE - 1A Page 38 of §




Calculation:  S96-001* rev. 0

FPC -~ Crystal River Unit 3 B e e L B s el
Seismic Verification of Tanks [Rev By Dpte ChkdBy |  Date |

Bl A g B — i
Calculation For: [ DLHE=TA | | )/ AR ¢+~~Pa My‘lsﬂ

'Horizontal Heat 'E;chqgg,}_] N S—

e S S — S o St o4 4 S OS——

e e ————— o S ——_- o ——— o 2o e S e S R A e S

Step (0:
(10) Compare Seismic _Den.and to Capacity Acceleration

From Steps 8 and 9, if tank/heat exchanger is:
rigid - Use Zero Period Acceleration (ZPA) of 4% damped floor
response spectrum
flexible - Use Peak Spectral Acceleration (SPA) of 4% damped floor
response spectrum

The seismic loading is the 4% damped SSE spectra for the Diesel Generator Building at
119' elevation. According to sketch A on page 5-- 20 of the “Environmental and Seismic
Qualifi “tion Program Manual®, (E/SQPM), Rev. 0, Section 5.0 Seismic Qualification
Data, t .« elevation is represonted by Figure 22. From E/SQPM Section 5.0 Figure 22

OBE Spectrm Peak $2% damping) = 0.135g ZPA for 2% = 0.05g
OBE Spectrum Peak (5% damping) = 0.100g ZPAfor 5% = 0.059

Conservatively, for 4% SSE take 2 times 2% OBE Peak =
therefore, Horizontal 4% SSE Peak = 027 g
Vertical 4% SSE Peak (2/3 Horiz.) = 018 g

Anchorayge is Adequate if:
21; Lamb > ZPA }for rigid tanks/heat exchangers) or
2

Lamb > SPA (for fiexible tanks/heat exchangers)
SPA (use peak as specified above = 027 ¢
Anchorage Capacity, Lamb, from Step 7 = 126 g
Check if Capacity (Lamb) > Demand (SPA) ? OK

Step 11:
(11) Confirm Stwesses in the Saddle are Acceptable

The saddle and stiffners are only about 3.5" deep (between the Saddle pad and top of the
plinth). Bending of the stiffened saddle is adequate by inspection.

For shear the anchorage has beer determined as adequate and the amount of shear area
in the stitfened saddies is much greater than the area of the anchor bolts (4 1" anchor bolts
per plinth) and is therefore also adequate

CONCLUSION
The Heat Exchanges under evaluation
C_DCRE-TA— ] [ OLRE-SA |
[ DLHRE-TB | [ DOLHE-2B |

L

are acceptable in accordance with Section 7 of the FPC PSP for "Seismic Verification of
Nuclear Plant Equipment”.
g 5 e R R

(1) As noted under ‘Mdhodolo&y.' the subject heat exchangers are stacked one on top of the other.
The total *‘wet® weight from vendor drawing is 12050 Ibs, and the *equivaient” weight was
calculated using 1/2 this weight as the weight of each heat cxchnngor [W'= W * (h1 + h2) / h2].
The ‘eqivalent* weight density falls outside the applicable range in Table 76 of the PSP (see
step 1 reference), but the weig | fensity for a single heat exchanger meets these requirements.

SR— - DLHE-1A _Page 4 of 5 |
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o
FPC ~ Crystal River Unit 3 e
Seismic Verification of Tanks By ﬂ}?!_’“ | Chk'dBy Date
,,’--Iﬂ D 5 _FHL__-" lzlh/ﬂs“
Calculation For: [ DLHE-1A | R
"Horizontal Heat Excha_qg_r_,. ya | FREERR GRS BRI

[

pm —— —

iy
' . “———
!H’L . H h . Hlf?'
gy Js9d]
Section A-A
e e
l"'" ir :
L |
—
: C Q‘-—'T
W’:‘—' *:
*ection B-B

BF
8 L ~
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Calculation:  §96-0013 rev. 0

Methodology

Dimensions
Tank

Anchorage

Base Plate

“

- =
FPC -~ Crystal River Unit 3 . y
Seismic Ver “‘cation of Tanks n.p Daje Chk'dBy  Date
/ Mﬂé’i Pds AVas

Calculation For % o=t fs
~ Vertical Tank on Skirt

P e s i b e
Equip. ID: | 'Eﬁi'""l’i Equipment Description
Building ‘ DIESEL ‘ EMERGENCY DIESEL GENERATOR A
Elevation. | 119 L I I
Am Row/Col 301 /N

Also Applicable for.

Vertical Tank (Air Receiver) on Skirt

"EGT-18, EGT-2A and EGT-2B H

Drawing PT-8027~X (4203-86-034-0)

Anch Drw.. SC~421-171, SC-421-172, SC -4.3~044
Vendor: Morrison Brothers Co.

Mode! 30 x 103 Air Receiver

EGT -1Ais a vertically oriented air receiver for which the SQUG methodology
given in Section 7 of the Florida Power PSP "Seismic Verification of Nuclear
Plant Squipment’, Rev. 1, 9/12/94, is not applicable. EGT~1A is welded to a
1£..1/2" high cylindrical skirt that is anchored to a reinforced concrete plinth
by four 3/4"diameter cast - in - place bolts spaced at 90 degrees around the
perimeter. Since the tank anchorage is the critical element, this calculation
will focus on the anchorage

Dimensions are obtained from the referenced drawings

Outside Diameter (in) D 30.00

Overall Height (in) H 10300

Thickness of tank shell (in) ts 0 437

Thickness of tank head (top/bottom) (in) thn 1.375

Weight density steel (Ibf/in * 3) W st 0.2840

Weight density contents (Ibf/in * 3) W 0.0001 air

Height of shell portion (in) hs 8500

Height of heads (top & bouttom) (in) hn 900

Nominal Height of contents (in) hw 0.00 not applicable

Cast~in~Place Bolts, type B~ 13 (see SC-423-044)

Diameter Anchor Bolt (in) ba 078

Number anchor bolt total Nb « 00

Number bolt per leg N leg 100

Bolt Embedment (in. ) (type B-13 has (Y 16.00 minimum from
an embedament » 16" SC-423-044

Bolt Spacing (center to center) (in) Sbo 21.00

Bolt Edge Distance (in) Eo 10.00 minimum

Concrete strength (psi) f'e 3000.00

Thickness angle (4 welded to skirt) (in) tbp 025 Estimated

Angle Dimensinns (square) (in) | bp 300 Estimated

EGT-1A Page 1 of 5
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Calculation For

Calculation:  S96-0013 rev. 0

et e ——— oot

1___.*_\2/\1135 %

e o

e —— et e -

~ Vertical Tank on Skirt

e e e A A . - e b A

e

Calculation

(1) Weight

(2 C.G

(3) Loading

(4) Overturning

The tank weight consists of the shell portion and the top and boftom heads.
The tank is conservatively assumed 1o be cylindrical with top and bottom
circular disks.

Wtank = Wshell + 2 (Whead) + Wcontents =

Wshell = (pi) (D) (hs) (ts) (Wst) = 894 Ib
Whead = 2 (pi) (th) [(D) (hh) + (D/2) ~ 2] (Wst) = 331 b
Weceontents = (pi) (D/2)"2 (hw) (W) = 0lb
W skirt (stand) (from drawing) = 182 b
Wiank = 1507 o
The bottom of the tank is 6.0 in above the anchorage. The C.G.

is calculated from the anchorage base - plate as:

Tank cg = (W Steel) (H/2) + (W contents)(hw/2) §1.50 in
(W tank)

CG = (Tank cg ) + (dist to bottom ) = 67.50 in

To determine the Seismic Demand use Dizsel Generator Building spectra
for elevation 119' (SSE 4% damping). Tne spectra for the Diesel Generator
Building at 119" are identical to the Ground Response spectra. [Reference.
*Environmental and Seismic Qualification Program Manual*, (E/SQPM),
Rev. 8, Section 5.0 Seismic Qualification Data, Figure 22].

OBE Spectral Feak (2% damping) = 0.135g ZPAfor 2% = 0.059
OBE Spectral Peak (5% damping) = 0.100g ZPAfor 5% = 0.059

Conservatively use 2*(2% OBt Peak) as 4% SSE Peak =

therefore, MHorizontal 4% SSE Peak = 027 ¢
Vertical 4% SSE Peak (2/3 Horiz ) = 018 g

Worst case will be fo horizontal earthquake at 45 degrees to tank legs
Therefore determine overturning for horizontal along 45 deg to legs and
vertical earthquake acting upward (assisting overturning).

Let F1 and F2 each represent vertical force in two legs (see Figure on next
page); i.e, F1is the upward force resisting overturning and F2 is the force
assisting overturning:

: _EGI-1A__ Page 2 of 5




Calculation:  S96-0013 rev. 0

(a)

(b)

(€)

(d)

(€)

)

Momentarm = Arm =
[(D/2) + (Ibp/2) ) /sqri(2) = 1167 in

Sum Forcee vertical
F1 « F2 = (Wtank) (10 ~ SSE vert) =
FIi 4+ F2 = 1507 * (1-SSEv) = 1236 Ib

Sum Moments about 2
F1 (Arm) = F2 (Arm) + (W tank) (SSE hor) (cg) =

F1 -« F2 = (Wtank' (SSE hor) (cg) / (Arm) = 2006 Ib
Solve equations (¢) and (b) for F1:

F1 + (F1 - 2006 ) = 1236 Ib

Fl = 1621 ib

F2 = -385 Ib

Determine anchor bolt pullout forces

LR TR e IR S S
Seismic Verification of Tanks n.v 0& Dm i g c!;u dBy | Dae |
ha 13
Calculation For: $ ] d‘ Z/N Q:
[_Vertical TankonBkit_ | | | 1 ] 1
Overturning (Continued) j
A
o
"i-." Man
. !
i
|
2 Mok 3
L la o
I, I,

Each force (F1 and F2) represent two of the tank legs and each leg has one

3/4" diameter anchor bolts. The maximum and minimum forces are

Max. anchorage vertical force (F1/2) = 811 Ib
Min. anchorage vertical force (F2/2) + -192 b
Since negative anchorage forces represent bolt pullout, only the minimum
force needs to be considered for this tank. Pu = 192 Ib
Determine anchor bolt shear forces:
Total shear = (Wtank) (SSF Horiz. ) = 407 b

Bolt shear = ( Total shear)/(4 bolts ) = Vu = 102 Ib

EGT_JA___Page 3 of 5
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CalculationFor: ) i R A FMIESLAIEERE MR ‘VQS

" Vetical Tank on 4 Legs GETREYIRT RN PRI R

Overturning (Continued)

Section A-A

(a) Moment arm = Arm =
((D/2) + (Ibp/2) ) /sqrt(2) = 1629 In

(b) Sum Forces vertical
Fi + F2 = (Wtank) (1.0 ~ SSE vert) =
F1 + F2 = 3540 * (1~ SSEv) = 1874 b

(¢) Sum Moments about Z
F1 (Arm) = F2 (Arm) + (W tank) (SSE hor) (cg) =
F1 - F2 = (Wtank) (SSE hor) (cg) / (Arm) = 10647 Ib

(d) Solve equations (c) and (b) for F1.

Fl+(Fl- 10847 ) = 1874 Ib
Fl = 6261 Ib
F2 = ~4387 Ib

(e) Determine anchor bolt pullcut forces
Each force (F1 and F2) represent two of the tank legs and each leg has two
1* diameter anchor bolts. The maximum and minimum torces are
Max. anchorage vertical force (F1/4) = 1665 Ib
Min. anchorage vertical force (F2/4) = - 1097 b

Since negative anchorage forces represent bolt pullout, only the minimum
force needs to be considerad for this tank. Pu = 1097 b

() Determine anchor bolt shear forces.
Total shear = (W tank) ( SSE Horiz. ) = 2499 b
Bolt shear = (Total shear) /(8 bolts) = Vu = 312 b

1 P . S S A O SR
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(5) Anchor Bolt Aliowavles  (From GIP Section 4 4 and Appendix C)
Aliowables for 1* Cast-In-Place Bolts (Type D~53 from SC-423-027)

Pnom = 26 69 ksi vnom = 13.35 ks
Alp = 1.00 embedment red. factor RLs = 1.00
RSp = 0.79 spacing red factor RSs = 1.00
REp = 0.88 edge distance red. factor REs = 047
RFp = 0.93 for fc=3000 psi concrete  RFs = 0.93
RCp = 1.00 cracked concrete red fact RCs = 1.00
Pu' = Pnom (RLp) (RSp) (REp) (RFp) (RCp) = 17.17 Kip
Vu' = Vnom (RLs) (RSs) (REs) (RFs) (RCs) = 583 Kip

(6) Evaluate Anchorage

#~'mwable > Maximum?  _
Maximum anchor bolt pullout 17172 b 1087 Ib OK
Maximum anchor bolt shear 5829 Ib 312 b OK

Interaction: The interaction curves for cast-in-place L Jlts are taken from
Section C 3.7 and Figure C 3-2 of the GIP. Since the GIP anchorage
criteria for cast - in-place bolts and headed studs ensure that failure
does not oceur in concrete, the interaction formulation for steel
failure is recommended.

for 0.0 < (VNa) < 03, (P/Pa) < 1
for03 < (VVa)<10, O07x(P/Pa)+ (VVa) < 1
therefore, since (V/Va) = 0.05
(P/Pa) = 006 <1 0K

CONCLUSION

The tank(s) under evaluation
~ SFDM-1

IS/are acceptable

FPC ~ Crystal River Unit 3 Hie BT S i _
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FPC -~ Crystal River Unit 3
Seismic Verification of Tanks |rev

Calculation:  S96-0013 rev 0
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CalcuitionFor: i
|__Vertical Tanks on Skid | 70 ISR RSN |
r P 1
Equip. I0: | IADR-1 | Equipment Description
Building - TURBINE
Elevation. | 095 | _INSTRUMENT AIR DRYER 1 =
Rm Row/Col 302 /A |
Also Applicable for. R B
2 R ———

Methodology

Dimensions
Tank:

Anchorage

Allowables

Vertical Tanks (Air Dryer) on Skid

Drawing: 4203-75-326-0

Anch. Drw.: SC-405-011, SC-405-012, SC~408~102 and SC~423~033
vendor Lectrodryer Division, McGraw - Edison Co

Model Model 6581

IADR -1 has two vertical dryer tanks on a common skid for which the SQUG
methodology given in Section 7 of Florida Power PSP *Seismic Verification

of Nuclear Plant Equipment*, Revision 1, 9/12/94, is not applicable. IADR~1
includes the two dryer tanks and associated piping mounted on two 56.5" long
angles (longitudinally), which are in turn welded to two 27" long angles in

the shallow or transverse direction. This skid (at the 27" angles) is mounted on
a reinforced concrete plinth by four 3/4" diameter cast~in - place bolts spaced
at 22" (narrow dimension) and 54.25". Since the *ank anchorage is the

critical element, a conservative calculation assuming the ¢.g. of the air dryer

to be 3/4 of the height dryer tanks is used to check the anchorage adequacy

Dimensions are obtained from the referenced drawings

Onerall Length (in) L 56.50

Overall Height (in) H 10000  Estimated

Weight of the Instrument Dryer (Ib) w 4500 from drawing

Weight density contents (Ibf/in = 3) W 0.0001 anr

Heightofc g (3/4H) (in) heg 76.00

Cast-in-Place Bolts, type AB-213 (see SC~423-033)

Diameter Anchor Bolt (in) bd 075

Number anchor bolt total Nb 400

Number bolt per corner N ieg 1.00

Bolt Embedment (in. ) (type AB-213has Lo 1300 minimum from
an embedment > 13" SC-423-013

Bolt Spacing (minimum) (in) Sbv 22.00 SC-408-102

Bolt Edge Distance (in) Ebv 488 See NOTE 1

Concrete strength (psi) f'e 3000.00

GIP Table C.3~1 Cast-in-place Bolt Allowables

Puliout Capacity (kip) P nom 15.03

Shear Capacity  (kip) V nom 7.51
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Calculation: 8960013 rev. 0
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Seismic Verification of Tanks [rev &y 792:"' | Onicg®y | Dete |
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ColovigonfPer: - | | s NSNS ECHESNIS; DRm——
___Vertical Tanks on Skid | Aol PSR MDD B X
F -t
Alliowables: GIP Table C 3-1 Cast—~in~place Bolt Allowables
(Continued)
Minimum Embadment (i) L min 7.50
Minimum Spasing (in) S min 9.50
Minimum Edge Distance (in) E min 6.63
Calculation
(1) Weight The Instrument Dryer weight is taken from the vendor drawing as.
Wdryer = 4500 Ib
Conservatively use for total weight W = 5000 Ib
(2 C G The c.g. of the dryers is conservatively taken to be at 3/4 of the height
above the concrete plinth. 2
CG = (3/4) x Height = 75.00 in
(3) Loading To determine the Seismic Demand use 4% SSE Turbine Building spectra for
elevation 95'. The spectra for the Turbine Building at 95" are identical to the
Ground Resporise spectra. [Reterence: “*Environmental and Seismic
Qualification Program Manual*, (E/SQPM), Rev. 8, Section 5.0 Seismic
Qualification Data, Figure 22]. Although the Instrument Air Dryer appears to
relatively rigid (freq. > 33 Hz ), conservatively assume the system is flexible
and use the spectral peak as the seismic demand
OBE Spectral Peak (2% damping) = 0.135g ZPA for 2% = 0.05¢g
OBE Spectral Peak (5% damping) = 0.100g ZPA for 5% = 0.05g
Conservatively use two {imes the 2% OBE Peak as 4% SSE Peak:
therefore, Horizontal 4% SSE Peak = 027 ¢
Vertical 4% SSE Peak (2/3 Horiz ) = 018 g
(4) Overturning Worst case overturning will be for horizontal earthquake normal to the long

axis of the base (i. e, earthquake acting transverse to the dryers). Therefore
determine overturning for horizontal earthquake acting N~ S (parallel to the
short axis) combined with vertical earthquake acting upward (assisting the
overturning).

Let F1 and F2 each represent vertical force in two anchor points (see Figure
on next page); i.e, F1 is the upward force resisting overturning and F2 is the
force "assisting® overturning:
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(a) Momentarm = Arm = 1100 in (trom drawing)

(b) Sum Forces vertical
F1 + F2 = (Wdryer) (1.0 - SSE vert) =
FI + F2 = 5000 * (1~ SSEv) = 3690 b

(¢) Sum Moments about Z
F1 (Arm) = F2 (Arm) + dryer) (SSE hor) (cg) =
FI - F2 = dryer) (SSE hor) (cg) / (Arm) = 9205 Ib

(d) Solve equations (c) and (b) for F1:

F1 +(F1 - 92052 = 3690 b
1 = 6447 Ib
F2 = -2757 b

(e) Determine anchor bolt pullout forces:
Each force (F1 and F2) represents two of the d?’er anchorages and each
anchorage has one 3/4" diameter anchor bolt The maximum and minimum
forces per anchor point are:
Max. anchorage vertical force (F1/2) = 3224 b

Min. anchorage vertical force (F2/2) = ~1379 Ib
Since negative anchorage forces represent bolt pullout, onl the minimum
force needs to be considered for this tank. Pu = 379 b
() Determine anchor bolt shear forces:
Total shear = (W tank) ( SSE Horiz. ) = 1350 Ib
Boltshear = (Totalshear)/(4 bolts) = Vu = 338 Ib
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Calculation: S96-0013 rev. O

FPC ~ Crystal River Unit 3 RE e RL
Seismic Verification of Tanks |[Rev 8y = Date ~ ChkdBy = Date
O “ZH KT ®ds  12A3/as

CalculationFor:
Vertical Tanks on Skid

(5) Anchor Bolt Allowables  (From GIP Section 4.4 and Appendix C)
Allowables for 3/4* Cast-Iin-Place Bolts (AB-213 Type 2 from SC-423-033)

Pnom = 15.03 ksi vnom = 751 ksi (Table C.3-1)
Rlp = 1.00 embedment red. factor RLs = 1.00 Lmin = 7.50°

RSp = 1.00 spacing red. factor RSs = 1.00 Smin = 9.50°

REp = 090 edg~ distance red. factor REs = 065 See NOTE 1

RFp = 0.93 for fc=3000 psi concrete  RFs = 093

RCp = 1.00 cracked concrete red. fact. RCs = 1.00

Pu' = Pnom (RLp) (RSp) (REp) (RFp) (RCp) = 12,57 Kip

Vu' = Vnom (RLs) (RSs) (REs) (RFs) (RCs) = 3.85 Kip

(6) Evaluate Anchorage

Allowable > Maximum?
Maximum anchor bolt pullout 12570 Ib 1379 b OK
Maximum anchor bolt shear 3848 Ib 338 b OK

Interaction: The interaction curves for cast-in-place bolts are taken {rom
Section C.3.7 and Figure C.3-2 of the GIP. Since the GIP anchorage
criteria for cast~in - place bolts and headed studs ensure that failure
does not occur in concrete, the interaction formulation for steel
failure is recommended

for 0.0 < (VVa) < 0.3, (P/Pa) < 1
for03< (YNVa)<10, 07x(P/Pa)+ (VNVa) < 1
therefore, since (V/Va) = 0.09
(P/Pa) = 011 <1 0K
CONCLUSION
The Instrument Air Dryer under evaluation
L ADR=Y

I$ acceptable. .
| GSeEsmsimsssutaus

(1) The calculated edge distance reduction factor is extremely conservative. The top of the reinforced
concrete plinth is approximately 5* above the concrete floor (see drawing SC~408 - 102) and the
embedment length (> 13%) exceeds the minimum embedment (6. 625°) by more than 6*. Therefore
there is only edge distance consideration over part of the anchor bolt length. The true edge distance
reduction factors for this anchorage are closer to 1.0, however, values based on the conservative
interpretation of edge distance (4 - 7/8° to plinth edge) are used in this calculation.
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Calculation:

$96-0013 rev. 0

FPC ~ Crystal River Unit 3
Seismic Verification of Tanks

CalculatonFor: =
Vertical Tanks on Skid
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Calculation

(1) Weight

(2) C. G

(3) Loading

(4) Overturning

L R ST
eism e aton of ranks N_!!‘“. il Chk'dBy Date i

[ B, ANRY))/, /A’ (RN, C7, T
[ Vertlcal Tankon kit | | [ | 1 i (o 1
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The tank weight consiste of the shell portion and the top and bottom heads
The tank is conservatively assumed to be cylindrical with top and bottom

circular disks:

Wtank = Wshell + 2 (Whead) + Wconterts =

Wshell = (pi) (D) (hs) (ts) (Wst) = 915 Ib
Whead = 2 (pi) (th) [(D) (hh) + (D/2) "~ 2] (Wst) = 453 b
Weontents = (pi) (D/2)*2 (hw) (Wfl) = 0lb
W skirt (stand) (estimated) = 150 b
Wiank = 1517 b
Conservatively use for Wtank = 1600 b
The bottom of the tank is 6.0 in above the anchorage. The C.G.

is calculated from the anchorage base - plate as: -

Tankcg = (W Steel) (H/2) + (W contents)(hw/2) 64.50 in
(W tank)

CG = (Tank cg ) + (dist to bottom ) = 70.50 in

To determine the Seismic Demand use 4% SSE Turbine Building spectra for
elevation 95'. The spectra for the Turbine Building at 95" are identical to the
Ground Response spectra [Reference: “Environmental and Seismic
Qualification Program Manual®, (E/SQPM), Rev. 8, Section 5.0 Seismic
Qualification Data, Figure 22].

OBE Spectral Peak (2% damping) = 0.135g ZPAfor 2% = 0.05g
OBE Spectral Peak (5% damping) = 0.100g ZPAfor 5% = 0.059

Conservatively use 2 x (2% OBE Peak) as 4% SSE Peak;

therefore, Horizontal 4% SSE Peak = 027 ¢
Vertical 4% SSE Peak (2/3 Horiz ) = 018 g

Worst case will be for horizontal earthquake at 45 degrees to tank legs
Therefore determine overturning for horizontal along 45 deg to legs and
vertical earthquake acting upward (assisting overturning).

Let F1 and F2 each represent vertical force in two legs (see Figure on next
page); i.e., F1 ie the upward force resisting overturning and F2 is the force
assisting overturning:
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Equip 1D IAT < 1A Equipment Description
Building TURBINE
Elevation 095 INSTRUMENT AIR RECEIVER A
Rm Row/Col | 303/ A
Also Applicable for
IAT-1B i TR EN

Vertical Tank (A'r Receiver) on Skirt

Drawing: FN-83-27 (83~124-0) and 4203-83-047~A
Anch Drw.. SC-405-011, SC~-405-012 SC~408~101 and SC~423-033

Vendor: American Welding & Tank Co
Model 650 Gal. Vertical Air Receiver (200 psi ASME Design)
Methodology IAT ~1A is a vertical air receiver for which the SQUG methodology given in
Section 7 of the Florida Power PSP *Seismic Verification of Nuclear Plant
Equipment’, Rev. 1, 9/12/94, is not applicable. |AT 1A is welded to a 34"
diameter cylindrical skirt that is anchored to a reinforced concrete plinth by
four angle tabs welded to the skirt at 90 degrees around the perimeter with
one 5/8" diameter cast - in~place bolt per angle. Since the tank anchorage
is the critical element, this calculation focuses on adequacy of the anchorage
Dimensions Dimensions are obtained from the referenced drawings
Tank Outside Diameter (in) D 41 00
Overall Height (in) H 129.00
Thickness of tank shell (in) ts 0250 40 5* inside dia
Thickness of tank head (top/bottom) (in) tn 0.250 40 5* inside dia
Weight density steel (Ibf/in = 3\ W st 02840
Weight density contents (Ibf/n * 3) W 0.0001 air
Height of shell portion (in) hs 100.00 approx
Haghl oLheade-(of S-boltom)—{R)—— Pyt 56 ——appror
Nominal Height of contents (in) hw 0.00 not applicable
Anchorage: Cast-in~Place Bolts, typa AB - 208 (see SC-423~-033)
Diameter Anchor Bolt (in) bd 063
Number anchor bolt total Nb 4 00
Number bolt per leg N leg 1.00
Bolt Embedment (in ) (type AB~208has L b 13.00 minimum_ from
. ;gombodmem > 139 & e7- 423-033
0 pucmg centeeltng rey. ®0o 31.48 SC-408-101
Bolt Edchm [a‘ i Eb 400 $u - 408~ 101
Concrete wongm (psi) f'e 300000
Base Plate: Thickness angle (4 welded to skirt) (in) tbp 0.28 Estimated
Angle Dimensions (square) (in) | bp 6 00 SC 408~ 101

IAT-1A ___Page 1 of &




Ovorturning (Continued)
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(a) Momentarm = Arm =
(37"diam./2) * sin (45) = 1674 in

(b) Sum Forces vertical
Fi + F2 = (Wtank) (1.0 - SSE vert) =
F1 + F2 = 1600 * (1~ SSEv) = 1244 Ib

(¢) Sum Moments about Z:
F1 (Arm) = F2 (Arm) + (W tank) (SSE hor) (cg) =

F1 - F2 = (Wtank) (SSE hor) (cg) / (Arm) = 1935 Ib
(d) Solve equations (c) and (b) for F1.
F1+ (F1 - 1935 ) = 1244 Ib
Fl = 1589 b
F2 = ~345 Ib

(e) Determine anchor bolt pullout forces:
Each force (F1 arid F2) represent two of the ank legs and each leg has one
5/8" diameter anchor bolt. The maximum and minimum forces are.

Max. anchorage vertica' force (F1/2) = 795 b
Min. anchurage vertical force (F2/2) = -173 b
Since negative anchorage orces represent bolt pullout, only the minimum
force needs to be considered for this tank. Pu = 178 b
() Determine anchor bolt shear forces:
Total shear = (W tank ) ( SSE Moriz. ) = 410 b

Bolt shear = ( Total shear )/ (4 bolts) = Vu = 102 b




Calculation For

_ Vertical Tank on Skirt |
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() Anchor Bolt Allowables  (From GIP Section 4 4 and Appendix C)

failure is recommended

for00 « (V/Va) < 0.3, (P/Pa) < 1

for03 < (VVa) <10, 07x(P/Pa)+ (VVa) < 1
therefore, since (V/Va) =

(P/Pa) =
CONCLUSION
The tanks under evaluation

-
[ TAT=18_

are acceptable

Allowables for 5/8' Cast-In~Place Bolts (AB- 208 Type 2 from SC~423-033)

Pnom = 10 44 ksl vnom = 522 ksi (Table C.8-1)
Rlp = 100 embedment red factor RLs = 1.00 Lmin = 6.25*
RSp = 1.00 spacing red. factor RSs = 1.00 Smin =7 875
REp = 0.90 edge distance red. factor REs = 0 54 Emin = 6.6
RFp = 0.93 for fc=3000 psi concrete RFs = 093
RCp = 1.00 cracked concrete red fact RCs = 1.00
Pu' = Pnom (RLp) (RSp) (REp) (RFp) (RCp) = 8.68 Kip
Vu' = Vnom (RLs) (RSs) (REs) (RFs) (RCs) = 259 Kip
(6) Evaluate Anchorage

Allowable > Maximum?
Maximum anchor bolt pullout 8683 b 173 b OK
Maximum anchor bolt shear 2593 b 102 b OK

Interaction. The interaction curves for cast- in - place bolts are taken from
Section C 3.7 and Figure C 3~ 2 of the GIP. Since the GIP anchorage
criteria for cast - in - place bolts and headed studs ensure that failure
does not occur in concrete, the interaction formulation for steel

004
002 <1 OK
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Equip. ID:  |MSV-411-AR1  Equipment Description 5 =
Building  |INTERMEDIATE
Elevation: | = 119 _MLV-411 AIR RESERVOIR 1
Am Row/Col: 309 / \ Also Applicablefor:
MSV-411-ARi, MSV-412- AR,
_MSV-413-ARi, MSV-414-ARi, i = 1103
Air Reservoir Data
Drawing (s): |- 308~ 335
Anch. Drawing:
| INTRODUCTION
Because structural drawings and details for these Air Reservoirs were not available, a
bounding calculation using very conservative assumptions is required. The following
calculation demonstrates that the capacity of the anchorage for the Main Steam \alve
Air Peservoirs greatly exceeds postulated seismic loading. The calculation covers the
following Air Reservoirs
Main Stean Valve Associated Air Reservoirs
MSV - 411 MSV - 411 -~ AR1
MSV - 411 - AR2
MSV - 411 - AR3
MSV - 412 MSV ~ 412 - AR1
MSV -~ 412 - AR2
MSV - 412 - AR3
MEV - 413 MSV -~ 413 - AR!
MSV - 413 -~ ARZ
MSV - 413 -~ AR3
MSV - 414 MSV -~ 414 ~ AR1
MSV -~ 414 -~ AR2
MSV - 414 - AR3
Il METHODOLOGY
Ali of the above Air Reservoirs are well mounted on walls near the associated valves
Suncq the only significant seismic effects are the weight of the air reservoirs themselves,
the air reservoirs are conservatively assuned to be 7 feet long by 3 feet in diameter with
0.375 inch wall thickness. To demonstrate that the anchorage capacity greatly exceeds
seismic demand, it was further as.umed that the anchorage configuration consists of
!oqr 3/8 inch diameter expansion anchors in a square pattern spaced 30 inches apart
This anchor bolt size and type underestimates the actual anchorage capacity and the
anchorage spacing is less than the actual spacing (Minimizing the resisting moment
arm). A square pattern also allows a single calculation to be valid for wall mounted air
reservoirs with the long axis (cylinder centerline) oriented in either the vertical or the
horizontai direction (see the attached figuic ‘i ine assumed geometry).
R s — w
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Expansion anchors were ass.med (rather than Cast-in-place bolts) to minimize
anchorage capacity. The shear and pullout capacities of these anchors were obtained
from the SQUG GIP (Reference 1) Table C 21 ar 1 were further reduced by a generic
reduction factor of 0.6 per Table C 2~ 2 of the GIP to account for "“Unknown" concrete
fasteners

A maximum acceleration (demand) of 0.3g is assumed to act simultaneously in both
horizontal direct'ons and will be combined with a vertical acceleration of 2/3 the
horizontal (or 0.2g) by absolute summation. Since the Air Reservoirs are rigid (that is,
frequency > 30 Mz since loaded only by self - weight), the actual seismic demand for
these air reserveirs would be the Zero Period Acceleration (ZPA) of the 4% damped SSE
spectra at the 119 elevation of the Intermediate Building which is about 0.1, therefore,
the assumed acceleration values used in the calculation are extremely conservative

All of the assumptions described above and used in the following anchorage calculation
conservatively bound the actual configurations, weights, seismic peak acceleratians and
load combination methods and will therefore overestimate the seismic demand

. CALCULATION
(1) Air Reservoir parameters.

h = reservoir height = 84.00 in
r = reservior radius = 18.00 iIn
t = reservior thickness = 0.375 in
ws = weight density (steel) = 0284 Ib/IN"3
W = total weight =
[M@pint)+(2p r 2 ()] (ws) = 1229 b
use W = 1250 Ib
(2) Anchorage Configuration
n = number of anchor bolts = T
§ = anchor spacing (horizontal or vertical) = 300 in
d = diameter of anchor bolt = 0.375 in
Pa = pullout capacity (GIP) 14601b x06 = 876 Ib
Va = shear capacity (GIP) 1420b x06 = 852 Ib
(3) Calculated Seismic Demand:
ah = horizontal acceleration = 03 ¢

av = vertical acceleration = 02

V = Shear (vertical) perbolt: (1 + av)*(W)/n = 37 b

P = Pullout (horizontal) = P1 + P2 + P3 where
Pl=(r)*{1 + av)*(W)/[(s)*(nR) = 12 b
P2=(r)*(an)*(W)/[(s)*(n/2)) = 450 Ib
P3= [(sh)*(W)] /4 = mlbj

P=Pl 4+ P2 4+ P3 = 656 Ib

L
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CALCULATION
(Conunued)
(4) Capacity Check:

Shear: V < Va
Pullout: P < Pa

OK
OK

375 < 852
656 < 876

Interaction (bilinear):
for 03< V/Va <10

then 0.7*(P/Pa) + V/Va <10 OK

096 < 10

CONCLUSION

A bounding calculation for the Air Reservoir anchorage has been performed using very
conservative assumptions

(1) Assumed air reserveir weight and dimensions exceed actual

(2) Assumad seismic demand exceeds actual seismic demand

(3) Assumed 3 simultaneous seismic loads combined by absolute sum

(4) Assumed anchor bolt spacing (anchorage moment arm) is less than actual
(5) Assumed anchor bolt type and size underestimate actual capacity

Based upon these very ~onservative assumptions, the boounding calculation
demonstrates that the seismic capacity of the subject Air Reservoir anchorage exceeds
the expected seismic demand.

REFERENCES

(1) Generic Implemeniation Procedure (GIP) “For Seismic Verification of
Nuclear Plant Equipment”, Revision 2, February 1992,
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Equip. 1D: QNHE ~28 Equipment Description
Buiding: | AUXILIARY
Elevation: | 119 _RCP SEAL RETURN COOLER A
Rm Row/Col: [ 302 / L-M
Also Applicable for:
 MUHE-2A 4

Snal Cooler Data

Drawing:

Anch, Drw.: SC-421-110, SC~422-043, and SC~423-032

Vendor:

Introduction
Vendor drawings for the Seal Coolers werv not available so field measurements were
obtained during a walkdown on 10/24/95. The Seal Coolers are smaller than typical
heat exchangers and do not maet all of the conditions for heat exchanger calculatons
according to Table 7.6 of the Florida Power Plant Specific Procedure for *Seismic
Verification ot Nuclear Plant Equipment’, Rev. 1, 9/12/84 (for example, the 10" outer
diameter is below the applicable 1 ft to 14 ft range), therefore a conservative calculation
of the anchorage is performed
Since tha Seal Conler is effectively a rugged 10" diameter pipe section that is rigid in the
longitudinal direction, the calculation focuses on anchorage capacity to resist demand
due to overturning from harizontal seismic loads acting transverse to the seal cooler
combined with vertical se'=.c loads acting upward (to assist in overturning). Use of
field measurements and o, -vative assumptions in t=2 calculations to confirm
anchorage adequacy are accepiable as long as the results show significant margins
above allowable values.
(1) Input Data ( Notes appear at the bottom of page 2)

Tank Diameter (in) D 10.00

Length (ft) L 17.83

Thickness of tank shell (in) t 0.125 See Note 1

Weight of Seal Cooler (Ib) W 2000 See Step 4

Weight density (Ibf/ft ~ 3) Gam 180 See Step 4

Height of ¢.g. above anchorage (in) Heg 7.500
Saddle: Spacing (f) S 14.917

Height of saddle plate from bottom of h 2.500

the tank to the base plate (in)

Shear modulus (psi) G 1126+ 07

Elastic modulus (psi) E 2 90E+07

Number of Saddles Ns 2.00

MUHE-28 _ Page 1 of §
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Base Plate: Thickness base plate under saddle (in) to 0.37%

Depth of the base piate (i) ho 700

Width of the base plate  (in) by 500

Anchor bolt spacing (in) $b 6.00

Bolts Number of locations, each saddle NL 200

Number of anchor bolts per location N® 1.00

Diameter of anchor bolt (in) d 075

Loading: SSE Floor reponse spectra at 4% damping

(2) Anchor Bolt Allowables  (From GIP Section 4 4 and Appendix C Table C 3-1)

Allowables for .76* Cast-In-Place Bolts (Mark D60 type 4 from SC ~423-032)
(edge distances from SC - 422~ 043 are minimum in transverse direction)

Actual Embedment = 7.50 Allowable= 750 in See Note 2
Actual Spacing = 6.00 Allowable= 980 in .
Actual Edge Distance = 400 Allowable= 6.63 in
Pnom = 1503 ksi vnom = 7.51 ksi
Rlp = 1.00 embedment red. factor RLs = 1.00
RSp = 0.86 spacing red. factor RSg = 1.00
REp = 0.84 edge distance red. factor REs = 037
RFp = 0.93 for fc= 3000 psi concrete RFs = 0983
RCp = 1.00 cracked concrete red fact. RCs = 1.00
Pu' = Pnom (RLp)(RSp)(REp)(RFp)(RCp) = 1005 Kip
Vu' = Vnom (RLs)(RSs)(REs)(RFs)(RCs) = 259 Kip

(3) Seismic Demand

The seismic loading is the 4% damped SSE spectra for the Auxiliary Building at 119" which
is determined in FPC calculation $-94 0011, "Seismic Ve ification of Tanks -~ SQUG
Methodology*, Rev. 0, 1/19/94. From calculation $~94~0011 pages 27 and 28

OBE FRS Peoak (4% damping) = 0.353 g
OBE FRS ZPA (4% damping) = 0050 g

Assume Seal Cooler is flexible in transverse direction, therefore take
4% SSE SPA as demand (SSE SPA = 2 times OBE SPA), or

Sh = Horizontal 4% SSE SPA = 0.706 g
Sv = Vertical 4% SSE SPA (2/3 Horiz ) = 0471 g

NOTES
(1) Minimum Thickness Calculation: ,((P)jﬂ(po{ﬂ 4+ t-add = 0.112, use 0.125"
2% (Sm+y*P)

‘m P = 200 gﬂ. Sm = zooooJm. y = 0.4 and additional thickness, t-add, = 1/16°
(2) The octual e dment for 3/4° diameter D60 type 4 anchor bolts (from drawing SC -423-032)
Is at least 18°, however, the minimum from the GIP Table C.3- 1 is assumed for simplicity.
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(4) Determine Total Weight

The weight of the seal cooler is determined by assuming that the weight density of the
heaviest heat exchanger from Table 7.6 of the Fiorida Power Plant Specific Procedure
for *Seismic Verification of Nuclear Plant Equipment®, Rev. 1, 9/12/94 is applicable This
weight density is then multiplied by the seal cooler volume

W= (Gam)*(Volume) = (180IbMt"~3)* (Volume) =
(Gam)*[(D/2)~2*(m)*(L)] = 1750.78 Ib

Conservatiively take W = 200000 Ib

(5) Ca'culate Overturning due to Transverse Loading

Worst case overturning will be for horizontal earthquake ac*ing transverse; i.e., resisted
by the anchor bolt with 6 in center to center spacing.

Let F1 and F2 each represent vertical force in anchor bolts at each s.de of the saddle
base plate (see Figure on next page). Thus, F1 is the upward force resisting overturning
and F2 is the force assisting overturning:

(a) Sum forces vertical
F1 + F2 = (W)*(10 - Sv) = 1058.67 Ib

(b) Sum moment about base plate edge (see Figure on page 4)
(F2*a2) + (F1*al)+ (Sh*Hcg*W) = (W)*(1=8v)*(hb/2)
where al = (hb-sb)/2 = 0.50 in
a2 = (sb) + (hb~sb)/2 = 6.50 in

(c) Solve equation (a) for F1, substitute into (b) and solve for F2
Fl = (W)*(10=-8v) -~ (F2) = (W) - (F2)
F2 = { (W)*[(1~8Sv)*(hb/2) - (Sh*Hcg)) -
[(W)*(10 ~ Sv)*(al)] )}/ (a2~ a1) :
therefore, F2 = ~-123567 b
Fl = 229433 Ib

(d) Determine anchor bolt pullout forces
Each force (F1 and F2) represent two f the neat exchanger anchor bolts
The maximum and minimum anchor bolt forces are therefore

Pmax = 114716 b
Pmin = ~61783 Ib
Since negative anchorage forces represent bolt pullout, only the minimum
force needs 0 be considered That is, P = 61783 Ib

(e) Determine anchor bolt shear forces:
Total shear = (W) * (SSE Horiz.) = 141200 Ib
Boltshear = (Totalshear)/(4 bolts) = V = 35300 Ib

e MUME-2k  Page 3 of §
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(6) Figure 1. Calculation geometry
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(7) Evaluate Anchorage
Allowable > Maximum?
Maximum anchor bol pullout 10050.09 Ib 61783 b OK
Maximum anchor bolt shear 259081 b 35300 b OK

interaction: The interaction curves for cast-in-place bolts are taken from Section
C.3.7 and Figure C.3-2 of the GIP. Since the GIP anchorage criteria for
cast~in-place bolts and headed studs ensure that failure does not occur
in concrete, the interaction formulation for steei failure is recommended:

for0.0 < Na; < 0.3, (P/Pa) < 1
for03 < (VNVa) <10, 07x(P/Pa)+ (VVa) < 1
thereiore, since (V/Va) = 0.136
(P/Pa) = 0061 <1 OK

(8) Confirm Stresses in the Saddle are Acceptable
The saddle and stiffners are on.y about 2.5" deep (between the Saddle pad and top of the
plinth). Bending of the stiffened saddle is adequate by inspection

For shear the anchorage has been determined as adequate and the amount of snear area
in the stiffened saddies is much greater than the area of the anchor bolts (2 3/4" anchor bolts
per plinth) and is therefore aiso adequate.

CONCLUSION

The Seal Coolers under evaluation:
(T MUHE- 2A__ [ _MUHE-28

-

are acceptable since anchorage capacity greatly exceeds demand
MUHE - 2B Page 4 of §
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Equip. ID:
Building:
Elevation:

Rm Row/Colit—Egg_ it 1

CMUT-1
/AUXILIARY

118

Equipment Description:

Also Applicable for:

Vertical Tank on 4 Legs:

Methodology

Dimensions
Tank

Anchorage:

Base Plate

Drawing: M-6057 (Babcock & Wilcox) & SK-7848-1

Anch. Drw.: SC-421-110, SC-412-111, SC-422-N43 SC-423-027
Vendor: Babcock & Wilcox

Model. ASME Section Il Dished tHead

Tank MUT -1 is not a flat bottomed vertical tank so the SQUG methodology
given in Section 7 of the Florida Power PSP *Seismic Verification of Nuclear
Plant Equinment*, Rev. 1, 9/12/94, is not applicable. MUT -1 is supported by
4 legs (6" x 6" x 1/2" angle 5'~ 11" long welded to an 8" x 8" x 1" base plate)
spaced at 90% around the perimeter. Each leg is anchored o a reinforced
concrete plinth (12" x 12" x 5* high) by one 1* diameter cast - in-place bolt.
Since anchorage is the critical element, calculation focuses on anchorage.

Dimensions are obtained from the referenced drawings

Outside Diameter (in) D 96.00

Overall Height (in) H 161.00

Thickness of tank shell (in) ts 0438 See Note 1

Thickness of tank head (top/bottom) (in) tn 0438 See Note 1

Weight density steel (Ibf/in ~ 3) W st C.2840

Weight density fluid (Ibf/in ~ 3) W 0.0361

Height of shell portion (in) hs 1235.00

Height of heads (top & bottom) (in) hn 19.00

Nominal Height of water (in, hw 123.00 A'ss:n?e height

ot shell

Cast-in ~Place Bolts, type D-53 (see SC-423-027)

Diameter Anchor Bolt (in) bad 1.000

Number anchor bolt total Nb 4.0V

Number bolt per leg N leg 1.00

Bolt Embedment (in.) (type D-53 has Lo 10.00 10 x Out. Diam
an embedment > 10x 0.D))

Bolt Spacing (center to center) (in) So 68.00

Bolt Edge Distance (in) Eo > 875 See Note 2

Concrete strength (psi) f'ec 3000.00

Thickness base plate each leg (in) t bp 1.00

Side Dimensions (square, in) I bp 8.00

of §
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Calculation
(1) Weight

(2) C. G

(3) Loading

(4) Overturning

The tank weight consists of the shell portion, the top and bottom heads, and
the leg attachments (4 leg angles, a steel attachment ring, cross bracing, etc ).
The tank is conservatively assumed to Le cylir. drical with top ana bottom
circular disks. The calculated weight uses an estimated thickness (see Note 1)
to further overestimate weight to account for legs and miscellaneous steel.

Witank = Wshell + 2 (Whead) + Wcontents =

Wshell = (pi) (D) (hs) (ts) (Wst) = 4609 Ib
Whead = 2 (pi) (th) [(D) (hh) + (D/2) ~ 2] (Wst) = 3223 Ib
Wecontents = (pi) (D/2) ~2 (hw) (W) = 32140 b
Calculated W tank = 39972 Ib
Use as Wtank = 40000 Ib

The bottom of the tank is 16.5 in above the anchor. je. TheC.G.
is calculated from the anchorage base- plate as:

Tankcg = (W Steel) (H/2) + (W water) (hw/2) 6522 in
(W ank)
CG = (Tankcg ) + (dist. to bottom ) = 81.72 in

To det2'mine the Seismic Demand use Auxiliary Building Elevation 119'
SSE flc or reponse spectra at 4% damping. These spectra are determined
in FPC calculation $-94-0011, *Seismic Verification of Tanks -~ SQUG
Methodology", Rev. 0, 1/19/94. From S-94-0011 pages 27 and 28:

OBE FRS Peak (4% damping) = 0.353 g
OBE FRS ZPA (4% damping) = 008 g

Conservatively assume tank is flexible and use peak spectral acceleration.
For 4% SSE FRS peak use 2 times OBE Peak_ therefore

Horizontal 4% SSE Peak =
Vertical 4% SSE Peak (2/3 Horiz.) =

071 g
047 ¢

Worst case will be for horizontal earthquake at 45 degrees to tank legs.
Therefore determine overturning for horizontal along 45 deg to legs and
vertical earthquake acting upward (assisting overturning)

Let F1 and F2 each represent vertical force in two legs (see Figure on next
page), i.e, F1isth- ' >ward fcree resisting overturning and F2 is the force
assisting overturning

~Lage 2 of §
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Overturning (Continued) s

(@)

(b)

()

(d)

(e)

(f)

Momentarm = Arm =
from drawing SC~-422~043 = 2'-10" =

Sum Forces vertical
F1 + F2 = (Wtank) (1.0 - SSE vert) =
F1 + F2 = 40000 * (1-SSEv, - 21173 Ib

Sum Moments about Z:
F1 (Arm) = F2 (Arm) + (W tank) (SSE hor) (cg) =
F1 - F2 = (Wtank) (SSE hor) (cg) / (Arm) = 67878 Ib

Solve equations (c) and (b) for F1:

F1+(F1 =~ 67878 ) = 21173 Ib
Fi e 44526 Ib
F2 = -23352 Ib

Determine anchor bolt pullout forces
Each force (F1 and F2) represents two of the tank legs and each leg has one
1" diameter anchor bolt. The maximum and minimum forces are

Max. anchorage vertical force (F1/2) = 22263 Ib

Min. anchorage vertical force (F2/2) = -11676 Ib
Since negative anchcrage forces represent bolt pullout, only the minimum
force needs to be considered for this tank. Pu = 11676 b

Determine anchor bolt shear forces
Total shear = (W tank) ( SSE Horiz.) = 28240 Ib

Bolt shear = (Totalshear)/(4 bolts) = Vu = 7260 Ib
Page 3 of
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(5) Anchor Bolt Allowables (From GIP Section 4 4 and Appendix C)
Allowables for 1* Cast-In-Place Bolts (Type D~53 from SC-423-027)

Pnom = 26 69 ksi Vnom = 13.35 ksi
Rlp = 1.00 embedment red factor RLs = 1.00
RSp = 1.00 spacing red factor RSs = 1.00
REp = 1.00 edge distance red. factor REs = 1.00 (See Note 2)
RFp = 0.93 for fc=3000 psi concrete RFs = 0.93
RCp = 1.00 cracked concrete red fact. RCs = 1.00
Pu' = Pnom (RLp) (RSp) (REp) (RFp) (RCp) = 24.71 Kip (See Note 2)
Vu' = Vnom (RLs) (RSs) (REs) (RFs) (RCs) = 12.36 Kip (See Note 2)
(6) Evaluate Anchorage
Allowable > Maximum?
Maximum anchor bolt pullout 24710 b 11676 Ib OK
Maximum anchor bolt shear 12360 Ib 7060 Ib OK

Interaction: The interaction curves for cast~in-place bolts are taken from
Section C 3.7 and Figure C 3-2 of the GIP. Since the GIP anchorage
criteria for cast-in - place bolts and headed studs ensure that failure
does not occur in concrete, the interaction formulation for steel
failure is recommended:

for 0.0 < (V/Va) < 0.3, (P/Pa) < 1
03<(VVa)< 10, 07x(P/Pa)+ (VNVa) < 1
theretore, since (V/Va) 0.57
0.7 x (P/Pa) + (V/Va) = 0.90 OK
CONCLUSION
The tank(s) under evaluation:
[___MUT-1

Is/are acceptable
NOTES:
(1) The specified minimum thickness given on the drawing (M  5057) is not legible. A value of 7/16" is assumed
for the shell and head thicknesses. A minimum thickness calculation using the ASME formula
tm = [PD)/[2(Sm + yP)] + a where P = internal design pressure (psi)

D = outside diameter (in)
Sm = aliowable stress intensity (psi)
y =04
a = additional thickness (ccrrosion, etc.) (in)

yields a thickness of about 0.365" (with P = 100 and a = 1/8"). Since these values are on'y used to determine
the weight of the tank, 7/16" is a conservative estimation

(2) The reinforced plinth is §* high (see drawing SC~422-043) The minimum embedment for the D-53 type 4
cast-in-place bolt (se¢ SC-423-027)is (L ~ T~ G =~ bt = 1" = 23" - 25"~ §' ~1" = 1* = 18°). Therefore,
even if the plinth is ignored, the remaining embedment exceeds the Emin (18* - §* = 13* > 10°), and the
edge reduction factor can be taken as 1.0 (i e . ignore the plinth edge)

Page 4 of 5|
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Also Applicable for:

Equip. ID: SFDM 13 Equipment Description: B e e i
Building: }AUXILIARY

Elevation: | 119 | _SPENT FUEL COOLANT DEMINERALIZER
Rm Row/Col: 302 /J |

=

Methodology

Dimensions

Tank:

Base Plate

Anchorage:

Veruc.. Tank on 4 Legs

Drawing: 40-45001 06 (FPC MO01160)

Anch. Drw.: SC-421-110, SC~412-111, SC-422-043 SC-423-027

Vendor: Babcock & Wilcox

Model.

Tank SFDM -1 is not a flat bottomed vertical tank so the SQUG methodology
given in Section 7 of the Florida Power PSP "Seismic Verification of Nuclear
Plant Equipment”, Rev. 1, 9/12/94, is not applicable. SFDM-1 is supported by
4 legs (3" Sch 40 pipe welded to a 7~ 1/4" diameter x 1/4" circular base plate)
spaced at 90% around the perimeter. Since the tank anchorage is the critical

element, this calculation will focus o.1 the anchorage.

Dimensions are obtained from the referenced drawings

Outside Diameter (in) D 36.00
Overall Height (in) H 195.00
Thickness of tank shell (ir) ts 0.313
Thickness of tank head (top/bottom) (in) tn 0313
Weight density steel (lbf/in * 3) W st 0.2840
Weight density fluid (Ibf/in * 3) W 0.0361
Height of shell portion (in) hs 48 00
Height of heads (top & bottom) (in) hn 7.88
Nominal Height of water (in) hw 74.00
Cast-in-Place Bolts, type D~ 53 (see SC-423-027)

Diameter Anchor Bolt (in) bd 1.000
Number anchor bolt total Nb 8.00
Number bolt per leg N leg 2.00
Bolt Embedment (in. ) (type D-53 has Lo 10.00

an embedment > 10x 0.D)

Bolt Spacing (center to center) (in) So 6.00
Bolt Edge Nistance (in) Eb 6.00
Concretr strength (psi) f'e 3000.00
Thickness base plate each leg (in) tbp 0.25
Side Dimensions (circ. diam., in) I bp 7.25

SFDM - 1

§/16" drawing
5/16" assumed

10 x Out. Diam

Page 1 of S
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Calculation

(1) Weight

(2) C. G

(3) Loading

(4) Overturning

The tank weight consists of the shell portion and the top and bottom heads
The tank is conservatively assumed to be cylindrical with top and bottom
circular disks:

Wtank = Wshell + 2 (Whead) + Wcontents =

Wshell = (pi) (D) (hs) (ts) (Wst) = 482 Ib
Whead = 2 (pi) (th) [(D) (hh) + (D/2) ~ 2] (Wst) = 339 Ib
Wcontents = (pi) (D/2)~2 (hw) (WH) = 2719 Ib
Wtank = 3540 Ib

The bottom of the tank is 14.125 in above the anchorage. The C.G.
is calculated from the anchorage base —plate as:

Tankecg = (W Steel) (H/2) + (W water) (hw/2) 51.02 in
(W tank)
CG = (Tankcg ) + (dist. to bottom ) = 65.15 in 48

To determine the Seismic Demand use Auxiliary Building Elevation 11¢
SSE floor reponse spectra at 4% damning. These spectra are determined
in FPC calculation S - 940011, "Seismic Verification of Tanks - SQUG
Methodology*, Rev. 0, 1/19/94. From S-94-0011 pages 27 and 28:

OBE FRS Peak (4% damping) = 0.353 g
OBE FRS ZPA (4% damping) = 005 g

Conservatively assume tank is flexible and use peak spectral acceleration
For 4% SSE FRS peak use 2 times OBE Peak, therefore:

Horizontal 4% SSE Peak = 071 g
Vertical 4% SSE Peak (2/3 Horiz) = 047 g

Worsi case will be for horizontal earthquake at 45 degrees to tank legs.
Therefore determine overturning for horizontal along 45 deg to legs and
vertical earthquake acting upward (assisting overturning).

Let F1 and F2 each represent vertical force in two legs (see Figure on next
page), i.e, F1 is the upward force resisting overturning and F2 is the force
assisting overturning:

SFUM-1 Page 2 of S
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[tachment M Cae. SH-0013 Kev. 1 2,6

FPC - Crystazl River Unit 3
Seismic Verification of Tanks [«.. &, Date Chid By Date
Calculation For: 1 | 11R2/97 A A L 2oA%. 37
Horizontal Heat Exchanger 1
! |
Equip. ID: [ SWHE-1A] Equipment Description:
Building [ AUXILIARY' CYCLE
Elevation: 095 COOLING HEAT EXCHANGER 3A
Row/Col: Sea Water

Also Applicable for: e
ISWRE-&; for SWHE-1B and 1D s.e $97-0002 |

Heat Exchanger

Drawing: 3-69-06-30275-D1 Rev. 4 and 3-69-06-30225-B1 (M1307)
Anch. Drw.: SC-422-028, SC-422-041 and SC-423-026
Vendor: Struther Wells Corp.
Model: Type 37-4INX32-6H-EXCH
Step 1
(1) Input Data See Figure 7-13 of Florida Power Plant Specific Procedure for
"Seismic Verification of Nuclear Plant Equipment”, Rev. 1, 9/12/94
(Notes are at the bottom of page 4.) "_. .
il .
Tank: Diameter (ft) D 3.16 oK
Length (ft) L 41.00 oK
Thickness of tank shell (in) t 044 7116 In
Weight of tank plus fluid (Ibf) W 70000.0 Rev. 1 change
Weight density (IbfftA3) C 218.21 “0
Height of c.g. above anchorage (ft) H., 2.08
Saddle: Spacing (ft) S 22.00 See Note 1
Height of saddle plate from bottom of h 6.06
the tank to the base plate (in)
Shear modulus (psi) G 1.12E+07
Elastic modulus (psi) E 2.90E+07
Number of Saddies Ns 2.00 oK
Base Plate: Thickness base plate under saddle (in) to 100
Min. yield strength (psi) fy 300000
Thicknes3 of leg of weld tw 050
~wcentricity from anchor bolt CL to es 5.00
the vertical saddle plate
Bolts Number of locations, each saddie NL 2.00 oK
Number of anchor bolts per location Ne 1.00 oK
Diameter of anchor bolt (in) d 1.00
Distance between extreme anchor () 183 oK
bolts in base plate of saddie (ft)
Loading: SSE Floor reponse spectra at 4% damping
SWHE-1A Page 1 of §




[FTTRHMENT M S-96-0013 Rey |

FPC - Crystal River Unit 3
Seismic Verification of Tanks [s.. By Date Chicd By Date
0
Calculation For: 1 ﬂ ////;IQ T /0 3/9
Horizontal Heat Exchanger

Step 2
(2) Anchor Bolt Allowables (From GIP Section 4 4 and Appendix C Table C.

Allowables for 1.0" Cast-In-Place Bolts (Mark D4 type 4 from SC-423-026)

(also from SC-422-041)

Actual Embedment = 1300 Min Allow 10.00
Actual Spacing = 2200 Min Allow. 1263
Actual Edge Distance = 900 Min Allow. 8.75
Pnom = 2669 ksi Vnom 13.35
RLp = 1.00 embedment red. factor RLs = 1.00
RSp = 10L spacing red. factor RSs = 1.00
REp = 1.00 edge distance red. factor REs = 1.00
RFp = 093 for fc=3000 psi concrete RFs = 093
RCp = 100 cracked concrete red. fact. RCs = 1.00
Pu' = Pnom (RLp)(RSp)(REp)(RFp)(RCp) = 2471
Vu' = Vnom (RLs)(RSs)(REs)(RFs)(RCs) = 12.36
Step 3.
(3) Base Plate Bending Strength Reduction Factor (RB)
RB = Bending strength reduction factor =  (fy) (tb*2) 040
(3) (Pu)
Step 4.
(4) Base Plate Weld Strength Reduction Factor (RW)
RB = Weid strength red. fact = (tw) (es) (30600) (2.83) 876
Pu'
Step 5:
(5) Anchor Tension and Shear Allowable
Pu = (Pu') (smaller of RB, RW) = 10.00
Vu = Shear allowable anchor load = (Vu') = 12.36
Step 6.
(6) Calculated Ratios
Ap = (Pu)/(W) = 0.81
Wb = (Wtf) / [(NS) *(NL) *(NB)] = 175000
Vu/Wb = 0.71
Heg /D' = 1.14
Heg/S = 0.09
F1=SQRT[(NS*"2)+1] = 224
F2 = SQRT [ (NL*2) * (Hcg/D')*2 + (.66772)
+ ((Heg/S)"2) * ((NS*2)/(NS-1)*2) ] = 2.38
SWHE-1A

3-1)

in
in
in
ksl

Kip
Kip -

Kip
Kip

ibs

Page 2 of §




A Hachment M

FPC - Crystal River Unit 3 3 Rev.l xe 4o¢ o
Seismic Verification of Tanks |re By Date Chicd By Date
0 :
Caiculation For: | 1BTHP > | min 2/6%/31
Horizontal Heat Exchanger ; e
Step 7:
(7) Determine Acceleration Capacity of Tank Anchorage
Llow = [ (Vu) / (Wb) ] *[ (1) /(F1)] - 032 ¢
037 g

Lup = | gVu‘ / ’Wb? + 50.75 / !NP;I =
: : g

Lamb = Smaller of Liow or Lup

Step 8.

032

(8) s Tank/Heat Exchanger Rigid c. Flexible :n Transverse or Vertical?

Sc = From Figure 7-15 for Heat Exch, =

(Use D=
(Use t =

Rigid if Sc>or=S§ ,
From Siep 1, S=

3156 ft )
0438 in)

Is Tank / Heat Exchanger Rigid or Flexible ?

Flexibie if Sc < §
22000 fi

Tank / Heat Exchanger in Transverse or Vertical

Step 9.

13.00

Flexible

(9) Is Tank/Heat Exchanger Rigid or Flexible in Longitudinal Direction?

Flong. = [(1)/(2Pl1)]* SQRT] (ks)*(g) / (Wtf) ]

where ks =

1

shﬁ)m

( Use lyy =

( Use As

therefore, ks =

Flong. =
Tank / Heat Exchanger in Longitudinal Direction

From Steps 8 and 9, if tank/heat exchanger is:

+

(h)

(As * G)

907.08 in\4)
29.25 in"2)

4 67E+Q7
80 8208342

Rigid

ngid - Use Zero Period Acceleration (ZPA) of 4% damped floor
response specirum
flexible - Use Peak Spectral Acceleration (SPA) of 4% dampec floor
response spectrum

SWHE 1A

Page J of §




r“ Aachment M

FPC - Crystal River Unit3 | S -Y( {013, Qﬂ Yage Soflo
Seismic Verification of Tanks |[xe. By Chic'd By Date
0
Calculation For: i 1 l2le? Fh | 2/e3/97
Horizonta! Heat Exchanger % -

Step 10 (Continued):

The seismic loading is the 4% damped SSE spectra for the Auxiliary Building at 75' which
are identical to the ground response spectra. [Reference: "Environmental and Seismic
Qualification Program Manual", (E/SQPM), Rev. 8, Section 5.0 Seismic Qualification Data,
Figure 22]. From E/SQPM Section 5.0,

OBE Spectrum Peak (2% damping) = 0.135¢g ZPA for 2% = 0.05g
OBE Spectrum Peak (5% damping) = 0.100g ZPA for 5% = 0.05g

Conservatively, for 4% SSE take 2 times 2% OBE Peak =
therefore, Horizontal 4% SSE Peak = 027 ¢
Venrtical 4% SSE Peak (2/3 Horiz.) = 018 ¢

Anchorage is Adequate if:
(1) Lamb > ZPA (for rigid tanks/heat exchangers) or
(2) Lamb > SPA (for flexible tanks/heat exchangers)

SPA (use peak as specified above) = b B e
Anchorage Capacity, Lamb, from Step 7 = 032 ¢
Check if Capacity (Lamb) > Demand (SPA) ? oK

Step 11.

(11) Confirm Stresses in the Sadd'e are Acceptable
The saddle and stiffners are only about 6" deep (between the Saddle pad and top
of the plinth). Bending of the stiffened saddle is adequate by inspection.

Fnr shear the anchorage has been determined as adeauate and the amount of
si.ear area in the stiffened saddles is much greater than the area of the anchor
bolts (2 1" anchor bolts per plinth) and is therefore also adequate.

CONCLUSION
The Heat Exchangers under evaluation:
o )
l SWHE-1C x
are acceptatie in accordance with Section 7 of the FPC PSP for "Seismic
Verification of Nuclear Plant Equipment".

For the following Heat Exchangers mounted on steel frames see $97-0002:
[ SWHEIE |

| NOTES

{1) The spacing between saddles (22') slightly exceeds the SQUG exclusion rule 0’ max. spacing.
However, the heat exchanger Is rigid longitudinally, the results vary only slightly versus the same
heat exchanger with 20" saddle s7acing, the capacity >> demand, and SWHE-1A s located at the
base elevation in a low seismic 2rea. !t is concluded that the intent of the caveat is met.

SWHE-1A Page 4 of §
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FPC - Crystal River Unit 3
Seismic Verification of Tanks

Calculation For
Vertical Tank on 4 Legs

Chk'd By Date

P4 ¢ \2/13/4s

Equip. ID
Building
Elevation
Rm Row/Col'|

AUXILIARY

SWT -1 Equipment Description

NUCLEAR SERVICE CLOSED CYCLE
095 SURGE TANK
307/S

Also App

Methodology

Dimensions

Tank

Vertical Tank on 4 Wide Flange Legs

Drawing 5-315-D1 Rev. 3

Anch. Drw.: SC-422-042 and SC-423-026
Vendor Plant City Cteel Co

Model

Tank SWT~-1 is not a flat bottomed vertical tank so the SQUG methodology
given in Section 7 of the Florida Power PSP *Seismic Verification of Nuclear
Plant Equipment*, Rev. 1, 9/*2/94, is not applicable. SWT-1 is supported by
4 wide flange sections (12WF53) spaced at 90% around the perimeter. Since
the tank anchorage will be the critical element, this calculation will focus on
the anchorage

Dimensions are obtained from the referenced drawings
QOutside Diameter (in D

Overall Height (in) H
Thickness of tank shell (in t s
Thickness of tank head (top/bottom) s

Weight density steel (Ibf/in~3

Weight density fluid (Ibf/in ~ 3
Height of shell portion (in)
Height of heads (too & bottom
Nominal Height of water (in

\

Cast-in-Place Bolts (see S
Diameter Anchor Bolt (in
Number anchor bolt tota
Number bolt per leg

Bolt Embedment (approx.)
Bolt Spacing (center to
Bolt Edge Distance

—~

Concrete strength (psi)

\

center

hickness base plate each lea
Side Dimensions (in
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FPC - Crystal River Urit 3

7727f 4 :;l.&_“PJs st ‘z/cvqs

Seismic Verification of Tanks __“ ? T Bete 1 Shcdly | - Dae

Calcu'+tion For:

T

-.,_.....4». — et e e e e} S

| Vertical Tank on 4 Legs |

— e ———————

B >~ -— -

Calculation
(1) Weight

(2) C. G

(3) Loading

{4) Overturning

The tank weight consists of the shell portion and the top and bottom heads.
The tank is conservatively assumed to be cylindrical with top and bottom
circular disks:

Wtank = Wshell + 2(Whead) + Wcontents =

Wshell = (pi) (D) (hs) (ts) (Wst) = 9495 Ib
Whead = 2 (pi) (th) [(D) (hh) + (D/2) ~ 2] (Wst) = 13294 b
Wecontents = (pi) (D/2) "2 (hw) (Wfl) = 68175 b
Wtank = 90964 Ib

The tank is located 2' ~6" above the anchorage. The C. G. is calculated
from the anchorage base - plate.

Tankcg = (W Steel) (H/2) + (W water) (hw/2) 7576 in
(W tank)
CG = (Tankeg) + (2'-€") = 105.76 in

To determine the Seismic Demand shouid use Auxiliary Building Elev. 95
SSE floor reponse spectra at 4% damping. The spectra for the Auxiliary
Building at 95' are identical to the Ground Response spectra. [Reference:
*Environmental and Seismic Qualification Program Manual", (E/SQPM),
Rev. 8, Section 5.0 Seismic Qualification Data, Figure 22)

OBE Spectral Peak (2% damping) = 0.135g ZPA for 2% = 0.059
OBE Spectral Peak (5% damping) = 0.100g ZPA for 5% = 0.05g

Conservatively use 2*(2% OBE Peak) as 4% SSE =

therefore, Horizontal 4% SSE Peak = 027 g
Vertical 4% SSE Peak (2/3 MHoriz) = 0.18 g

Assume tank is flexible, use Spectral Peak as acceleration

Worst case will be for horizontal earthquake at 45 degrees to tank legs.
Therefore determine overt '~ ,ing for horizontal along 45 deg to legs and
vertical earthquake ac..1g upward (assisting overturning).

Let F1 and F2 each represent verticai force in two legs (see Figure), i.e.,
F1 is the up'vard force resisting overturning and f2 is the force assisting
overturning.

Pag! 2 of S
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FPC - Crystal River Unit 3 el %,
Seismic Verification of Tanks [re/ & | Date_ Chk'dBy | Date
/Aﬂ

07 LIRAT T aiales

—

0
Calculation For: % 5 il
___Vertical Tank on 4 Legs | ' i ] 4

-y

! |

RRBRERET\ | D—

Overturning (Continued)

) — \
|
192”
: i
|
Y
SECTIoN AA
£
(@) Momentarm = Arm =
[(D/2) + (lbp/2) ]™2 /sqrt(2) = 51.62 in
(b) Sum Forces vertical;
F1 + F2 = (Wtank) (1.0 - SSE veit) =
FI + F2 = 90964 Ib* (082 = 74590 Ib

(c) Sum Moments about Z:
F1 (Arm) = F2 (Arm) + (W tank) (SSE hor) (cg) =
F1 - F2 = (Wtank) (SSE hor) (cg) / (Arm) = 50323 Ib

(d) Soive equations (c) and (b) for F1;

Fi+ (F1 - 50323 ) = 74590 b
F1 = 62456 Ib
F2 = 12134 b

(e) Determine anchor bolt pullout forces:
Each force (F1 and F2) represent two of the tank legs and each leg has two
7/8" diameter anchor bolts. The maximuin and minimum bolt forces are:
Max. anchor bolt axial force (F1/4) = 15614 Ib
Min. anchor bolt axial force (F2/4) = 3033 b

Since all anchor forces are positive, bolt puliout (negative force) does not
occur for this tank. Thorefore, pullout is zero, Py = 01Ib

(f) Determine anchor bolt shear forces:
iotal shear = (Wtank) ( SSE Horiz.) = 24560 b

Boltshear = (Totalshear)/(8 bolts) = Vu = 3070 b
P
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Seismic Verification of Tanks Rev. By  Date Chk'd By Date
| 0]/ 1245 Pds lz]r.\] qs
Calculation For: Sk S RO R R R Ty BRI
EhL o Re £ LY URE S S S ST DS po
(5) Anchor Bolt Allowables  (From GIP Section 4.4 and Appendix C)
Allowables for 7/8' Cast-In-Place Bolts (From SC-422-026)
Pnom = 2040 ksi Vnom = 10.20 ksi
Rlp = 1.00 embedment red. factor RLs = 1.00
RSp = 1.00 spacing red. factor RSs = 1.00
REp = 1.00 edge distance red. factor REs = 0.84
RFp = 0.93 for fc=3000 psi concrete RFs = 093
RCp = 1.00 cracked concrete red. fact RCs = 1.00
Pu' = Pnom (RLp) (RSp) (REp) (RFp) (RCp) = 1R.89 Kip
Vu' = Vnom (RLs) (RSs) (REs) (RFs) (RCs) = 7.92 Kip
(6) Evaluate Anchorage
Allowable > Maximum?  _
Maximum anchor bolt pullout 18887 Ib 0lb OK
Maximum anchor bolt shear 7917 b 3070 b OK
Interaction: (P/Pa) + (V/Va) <1 1 0.39 OK

The interaction curves for cast-in~place bolts are taken from

Section C.3.7 and Figure C.3-~2 of the GIP. Since the GIP anchorage
criteria for cast-in- place bolts and headed studs ensure that failure

does not occur in concrete, the interaction formulation for steel

failure is recommended

for 0.0 < (V/Va) < 0.3, (P/Pa) < 1
for 0.3 < (VVa) < 1.0, 0.7x(P/Pa) + (V/Va) < 1
therefore, since (V/Va) = 039
0.7 x (P/Pa) + (VNVa) = 039 <1 OK

CONCLUSION
The Tank under evaluation:
o W=y
is acceptable

Pm‘ of §




FPC - Crystal River Unit 3
Seismic Verification of Tanks |Rev 8 | Dae | ChkdBy | Date
N/ ARY//J VAR (U5 LT
Caiculation For

Vertical Tank on 4 Legs
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FPC -~ Crystal River Unit 3
Seismic Verification of Tanks

Calculation For
vertical Tank o 4 Legs

Equip. ID WDT-1A Equipment Description
Building AUXILIARY
Elevati, 095 WASTE GAS DECAY TANK A
Rm Row/Col:' 302/ Q
Also Applicable for
WDT-1B, WDT-1C

vertical Tank on 4 Wide Flange Legs
Drawing M-6122 Rev. 4 and SK-8079
Anch. Drw.: SC 2” 028, SC -422-041 and SC-423-026
Vendor Buffalo Tank Div., Bethlehem Steel Corp
Model Pl S 135-1/2" x 455" x .655"

Methodology Tank WDT ~ 1A is a vertical tank supported on 4 WF legs with a 135" high shell
and ASME elliptical heads (top and bottom). The SQUG methodology given in
Section 7 of the Florida Power PSP "Seismic Verification of Nuclear Plant
Equipment', Rev. 1, 9/12/94, is for flat bottomed vertical tanks and-is therefore
not applicable. WDT 1A is supported by 4 wide flange sections (10 WF 45)
7'-525" long spaced at 90% around the perimeter. Each leg is welded to a
10" x 12" x 3/4" base plate with 2 holes for 1 - 1/8" diameter anchor bolts. Since
the tank anchorage will be the critical element, this caiculation will focus o
the anchorage

Dimensions are obtained from the referenced drawings
Qutside Diameter (in)
Overall Height (in)

Thickness of tank shell (in
Thickness of tank head {

-
=5 B
O «Jl
)
-

) -
) €
o

-
o,

o
Y o
oA OO D

-

Weight density stec zt-v‘
Weight density contents (Ibf/in
reignt of shell portion (in
Height of heads (top & botto

Nominal Height of contents

(SR

waste gas?

assume full
heignt

-ast-in lace Bolts (see
Diameter A'w‘h or Bolt (in
Number anchor bolt t
NuUmbper polt per leg
Bolt Emhedment (in)

an embedment > 19"

olit Sp acing (center to center i .90 from SC-422-041

Bolt Edge Distance (in = b 25 from SC-422-041

Qr

r_\
N

tota

O 0O

noo

nN

10 x gutside diam

Concrete strength (ps

Base Plate: Thickness base plate each leq | 0.75
Side Dimensions (in) 10.00 (10°x 129

WDT-1A Page 1 of
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Caiculation For: 5 FaEGn R
| Verticai Tenkondlegs | | [ T e I R

(1) Weight

(3) Loading

(4) Overturning

The >k weight consists of the shell portion and the top and bottom heads.
The tank is conservatively assumed to be cylindrical with top and bottom
circular disks:

Wtank = Wshell + 2 (Whead) + Wcontents + Wlegs =

Wshell = (pi) (D) (hs) (ts) (Wst) = 11507 Ib

Whead = 2 (pi) (th) [(D) (hh) + (D/2) * 2] (Wst) = 12496 Ib

Wceontents = (pi) (D/2) "2 (hw) (Wfl) = 348 b

Wlegs = (4) [(45 Ibs per WF) + (Wbasepl)] = 416 b

Wtank = 24767 b (calculated)
use Wiank = 25180 Ib (from drawing)

The tank is located 1'~8.75" above the anchorage. The C. G. is calculated
from the bottor of the anchorage bas: - plate.

Tankcg = (W Steel) (H/2) + (W contents) (hw/2) 105.00 in
(W tank)
CG = (Tankcg) + (1'=8.75") = 125.75 in

To determine the Seismic Demand should use Auxiliary Building Elev. 95'
SSE floor reponse spectra at 4% damping. The spectra for the Auxiliary
Building at 95" are identical to the Ground Response spectra. [Reference:
*Environmental and Seismic Qualification P-agram Manual*, (E/SQPM),
Rev. 8, Section 5.0 Seismic Qualification Data, Figure 22].

OBE Spectral Peak (2% damping) = 0.135g  ZPA for 2% = 0.05g

OBE Spectral Peak (5% damping) = 0.100g ZPA for 5% = 0.05g

Conservatively ' se 2*(2% OBE Peak) as 4% SSE;

therefore, Mourizontal 4% SSE Peak = 027 g
Vertical 4% SSE Peak (2/3 Horiz.) = 013 g

Assume tank is flexible, use Spec’ al Peak as acceleration

Worst case will be for horizontal earthquake at 45 degrees to tank legs.
Therefore determine overturning for horizontal along 45 deg to legs and
vertical earthquake acting upward (assisting overturning).

Let F1 and F2 each represent vertical force in two legs (see Figure); i.e.,
F1 is the upward force resisting overturning and 12 is the force assisting
overturning:

WDT-1A _ Page 2 of
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Calculation For
Vertical Tank on 4 Legs

Overturning (Continued)

= Arm =
2) 172 /sqrt(2) = 54.91

Moment arm
“

[(D/2) + (lbp/2)

SSE vert)

Sum Forces vertical
25180 b * (0.82)

F1 + F2 = (Wtank) (1.0
F1 + F2 =

Sum Morments about Z
(W tank) (SSE hor) (cg)

F1 (Arm) = F2 (Arm) +
F1 - F2 = (Wtank) (SSE hor) (cg) / (Arm) =

Solve equdtions (¢) and (b) for F1
F1+ (F1 - 15569 )
F1

Fre =

h leg has two

Determine anchor bolt pullout forces
Each force (F1 and F2) represent two of the tank legs and each
1-1/8" diameter anchor bolts The maximum and minimum bolt forces ar~
Max. anchor bolt axial force (F1/4) = 4527 b
Min. anchor bolt axial force (F2/4) = 635
Since all anchor forces are positive, bo't pullout (negative force) does not
O Ib

occur for this tank. Therefore, pullout is zero. Pu =

b

Determine anchor bolt shear forces
(Wtank ) ( SSE Horiz ) = §799 Ib
(8 bolts ) = Vu = 850 Ib

Total shear =
Bolt shear = ( Total shear ) |

WNT-1A Page 3 of
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Calculation For. :
~ Vertical Tank ¢ on 4 legs

T — —— R— e e ———— ——————————— . S e———

(5) Anchor Bolt Allowables  (From GIF Section 4.4 and Appendix C)
Allowables for 1-1/8" Cast-In-Place Bolts (D8 type 4 from SC -423-026)

Pnom = 33.80 's, Vnom = 1690 ksi
Rlp = 1.00 embedment red. factor Ris = 1.00

RSp = 0.75 spacing red. factor RSs = 1.00

REp = 0.85 edge distance red. factor REs = 0.40

RFp = 0.93 for fc=3000 psi concrete  RFs = 0.83

RCp = 1.00 cracked concrete red. fact RCs = 1.00

Pu' = Pnom (RLp) (RSp) (REp) (RFp) (RCp) = 2013 Kip
Vu' = Vnom (RLs) (RSs) (REs) (RFs) (RCs) = 6.33 Kip

(6) Evaluate Anchorage
Al'owable > Maximum? i

Maximum anchor bolt puliout 20130 Ib 0Ib OK
Maximum anchor bolt shear 6326 Ib 850 b OK

Interaction: The interaction curves for cast-in-place bolts are taken from
Section C.3.7 and Figure C.3-2 ¢f the GIP. Since the GIP anchorage
criteria for cast-in-place bolts and headed studs ensure that failure
does not occur in concrete, the interaction formulation for steel
failure is recommended.

for 0.0 < (VNa) < 0.3, (P/Pa) « 1
for03 < (VVa) <10, 07x(P/Pa)+ (VVa) < 1

therefore, since (V/Va) = 0.13
(P/Pa) = 000 <1 OK
CONCLUSION
The vertical tanks under evaluation
O R
__WOT-18
~ WDT-1C

are acceptable

b WDT-1A Pagc 4 of §
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(5) Anchor Bolt Allowables  (From GIP Section 4 4 and Appendix C)
Allowables for 3/4* Cast-In~Place Bolts (B~13 Type 2 from SC-423-044)

Pnom = 1503 ksi vnom = 751 ksi
Rlp = 1.00 embedment red. factor RLs = 1.00
RSp = 1.00 spacing red. factor RSs = 1.00
REp = 1.00 edge distance red factor REs = 7.00
RFp = 0.95 for fc=3000 psi concrete  RFs = 093
RCp = 1.00 cracked concrete red fact RCs = 1.00
Pu' = Pnom (RLp) (RSp) (REp) (RFp) (RCp) = 1302 Kp
Vu' = Vnom (RLs) (RSs) (REs) (RFs) (RCs) = 695 Kip

(6) Evaluate Anchorage
Allowable > Maximum?

Maximum anchor bolt pullout 13915 Ib 192 b OK
Maximum anchor bolt shear 6953 Ib 102 b OK
Interaction: The interaction curves f~r cast-in - placs bolts are taken from
Section C.3.7 and Figure C.3-2 of the GIP. Since the GIP anchorage
criteria for cast-in - place bolts and headed studs ensure that failure
does not occur in concrete, the interaction formulation for steel
failure is recommended:

for 0.0 « (VNVa) < 0.3, (P/Pa) < 1
for03 < (Viva) <10, 07x(P/Pa)+ (VNa) < 1
therefore, since (V/Va) = 0.01
(P/Pa) = 001 <1 0K
CONCLUSION
The tanks under &valvation
L Bar=-1A ] [ §UT-JA )
L Ear-18 ] ([ _FaV-3§

are acceptable

R EIr——— EGT-!A Poﬂo 4 of §
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-

(ttachouat, P

DESIGN ANALYSIS/CALCULATION
Crystal River Unit 3

sheet P2 of 22

POCUMENT IDENTIFICATION NUMBES

S-9L- 0013

| N/A

REVISION ,’MMW NUMBERFILE

;-

FEACTOR COOLANT BLEED TawWKS WBT-3A WDT-23B, wWOr-3c

CHECK SEISMIC (APACLITY OF BLEED TANKS vsiNb PSP stEcrioy
T METHODOLOGY | ( NOTE, SINCE TWE TANK ARE NOT FLAT Borrom
Tkuv,sl AND THEY ST ON TANK SKIRTS NoT ALL THNE STEA N
THE P5P ARE APPLILABLE, )

PARA METERS (s6r 131 py7°5 3 TAKE 741 4¢ 1925 )

¢ LARGE CyLNORItAL TANL YES (OWG 1IR30 $HT 1)

AL OF SYMMETRY (5 yEATICAL YES (DwW G 18 1308ur ) "

* FLAT BOTTOM , NO ( Dwi (8130 S4T)

. AULHOLED To coutkETE PAD NES ( DWis 5(-421-0*!)

* TANKL MATERIAL SA240 TPIO4 YES (Dwb 18130 shri)

¢ Anchod BOTS EvEuny SPAEQ LB L (dwh St-4208) '

¢ AMLHOA BOUTS AT (M PLALE e (bwi SC-422°04| Sc42i70)
¢ FLUID S WATER Of SimiLAR Nes  (EbeD L/1y PGL)

® TAML QAo R: € rods (4 VES (Dwi 1830 5#T1)

O OTANY HEILHT; KT 0 10 0 Gt YES  (Dwi #B81nosur:)

® MAR FLVID HERMTINE 1D 10 80 4¢ vES LDWO,W'NJ”T')

' WML e YES  ( bwo 1830 $4r1)

¢ EQerwe SHnu THIcaeg ! o 3 To 1" vés ( secesree 2.)

* DiAagrERoF poeTst Qs tol yes ( Dwssg-a?-car/ s<~4u~025)
® ANcwel Bolty (AT (U PLACE yEs COWG 50 8227081 5¢-423*0 2 )
®  WMmEER of RouTs) | = §otmere yEs COwo sc-nl-om/ $¢r4230% )

Y OTAUC W, TRk, T BAGWIRATIO; 4 fp <001 b, 0 yES (SEE sTEP )
EFF TAON whu TRE 1o @A RATOE R 2,0040.01  wgs  (SEE STEFZ)
* FWID HEILHT To RADws RATE ! HJR: 1.0tes.0 yés (seL STEPL)
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' O DESIGN ANALYSIS/CALCULATION
1 it Crystal River Unit 3

POCUMENT IDENTIFICATION NUMBER REVISION | REUMARSE NUMBERFILE

$-9%-0013% l N/A

sheet P23 _ of 20

EVALvATION PROLESS W STARTING OM PO~ ‘7-(.)

STEP I Th wro,
TANK WEIGHT * QUL (Rel Dwi 18130 SwT 1)
NOMWAL TANL RADIVL: R= 120"
HEIGHMT OF TAWYL M'r 420" (e NELTr PAGE)
MOIMIMYA SHELL THIKENES ém..‘ t O ;
MG SHELL dhikaws 1a lowbsT (0% oF gant hugnl J & 2 Yag"
YIELD STRENLTH OF TANK [ Ty 30ks¢ (gec PO Pll)
CHAW HEIGHT! A = Q" :
MoBulvs OF ELASTCITY OF TAUL MATERAL Eo = 28366 ps¢ (REF PO p‘zz)
SLIRT thilney t' = O.35"

FLW./D wuFo

DRantY! Lor e b [t s ©.0% bfia}
FLIOMEILHT! He 388" (see WéErr PAGE)
FREE BoARD: NJ/A  ( DOMED  TANK)

BOLT INFO

NUMBER OF BoLTs T N = 2
OLT DIAMETER® d: (/& ; i
: : : . : , W PIPE SLEEV (R

EFFECTIVF LENGTH OF AncHok BOLT hb: Ce®a'+4"): 20% [ CHAR HEIONT J

MODULYS OF ELAsTicity BOLT | Ep* 30E6 ps!

8




ATTRCHMENT P

, 0 DESIGN ANALYSIS/CALCULATION

Crystal River Unit 3 sheet P4 o1 22

' WDENTIFICATION NUMBER REVISION REUMARSP NUMBERFILE

S 9e-0013 [ N/A

SINCE THE LCBLEED rANYy ALE NOT FLAT BOTTOMED TAUKS,
EPRT REPORT EPRT \P-S228°SL REVI YOLume & Retommensy
DETERMILING AN EQUIVALENT CyLiNDRICAL TANK, IT™ SVLGLESTS
FINDING AN EQuivALENT TANL WITK THE Same Ragiuivowme (pp 2:34)

FROM FESAR TABLE |15 THE BLEED TANLS MHavE! (REF P Pn?)

TANL VOLVME 2 [10SO §¢ 3
LQUID vOLWME = (D180 §e

EQUIVALEUT NEIGHT OF A TANK WITN A RADIWS oF o' ¢

W'z YoLume /nrR™

= rnoso/rruo)"’]:‘t
H'= 420°

EQUIVALENT HEIGHT OF WA TER !

—
"

40:50/1?(:0\ | :
xse t‘ t:lb___-‘

=
"

' s
! :
‘ /4 5‘
| PR
‘: ' t: 732 3
- s 12
A1)
® % X
g
- —
) .
L

EQUIVALEYT TANK

i
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_RTTACNMENT

0 DESIGN ANALYSIS/CALCULATION
TR Crystal River Unit 3 shoet PS o122

?%umuv WENTIFICATION NUMBE R AEVISION [ REMARSE NUMBERT (L
$-9- 0013 I | N/A
STEP <, DETERMINE THE FOLLOWING RATIOS

H/R ¢ 588]'110“ :3,2%
t /R 0344'/:10' : 0.00t9

ta, * (0.25%108) (0.8 vios) t(o.3128 ¢ 108) +(0.344 ¥ jos)

L
tast O 108" .

tec :[Q.‘ +tm.ﬂ7/2 B [0-2954- D.ZS]/Z
= Q.278" .

tes /JR* 02125/i20 * 0.0023 .

Ay = Trd74 2 rr(:.zs)74 “ 230" (closs secTon AZEA AniHok Bour )

b
¢z |_NA, ] [ g,] a 204123 30E

ZTTR £y 1Mo 283E(

t' = 0.035 [EG\JWP.LENT SHEW THICKMESS Havve SAME X SECT ALEA A Aukergi)

C'=}'.€_ {_&_] _Q.-_Q.l:_[ 4 ]
Lty h, 0344 1318

¢’ 2 O.034 (coerrrient of TANK )

W = G2 4 b4 ¢ 10150 §¢° = (33300 I ( WEGHT oF FLwD)
+ _A4pooo C we Gyt 0F TAug)

19360 lbg




ATTRCHNENT P

[ ow DESIGN ANALYSIS/CALCULATION

l Crystal River Unit 3 sheet Plo_ of 22
POCUMENT IDENTIFICA TION NUMBER | EvisION REUMARSE NUMBERS ILE
S-96- 0013 | N/A

STEP 31 FWID STRUIVEAL MODAL FREQUENLY

DETEAMNE Fg
FRom TABLE =2 USING
H/Rs 2,2%

£ q tec[® 0002
¢ = 0,

TE A [ l200/k ]

: 09 [100f0] S
FoeQhp  Chor OS5 TANKS)

Fg_ - q[ 28.35(/30 EG] b (srmu;;u STEEL TANK)
2 B75 hs

STEP 4! DETEEMINE SPECTRAL AWELERATION
(WSING 4% GROUND RESPOMUSE SPELTAUAA  FAOAA
CaALcuLATIoON S94-01| (6L AL DL- 5520 -uol-ase)p 122 cg

(REF PG Pire P8
OVEEL FREQueney RANLE OF!

OAR( EL LA,
7*\}( F ( 0 S L\{

OBE ACCELERATION B Ty = 0.07 G

S8E AWELERATION © Thi = Z2%0BE: O, 1406




ATIACHMENT £ _

, 0 DESIGN ANALYSIS/CALCULATION

Crystal River Unit 3 sneet £ 7 of 22
v IDENTIFICATION NUMBER REVISION REVMARSE NUMBERFILE
5 Q- 0012 / N /A

STEP S.: DETERMMUE BASE SHEAR wAaDd (©)

FEOM Fib 7-2 ! WHEN }-1/[ i
/R © 00013

@'s 0.753%
QW Sag = 01534619360+ 014 = T2 K
(000
STEP L, BASE OVERTURMIMG MOMENT AT BASE i

(DVE T TaNK CONTENT )
SINCE THESE Tauky ARE Nor FLAT Gorom m™NKS REFER To
EPRI REPOAT EPRL NP - 8228 -SL REv | vOoLvmE & pAGE
240, 2°1 241t 250 N DETELMINING THE OVERTUANWG

MOME NeT
(£ 2-3 627
M = WH l(&*.ﬁ»b »C\.L*(__‘.L&.ﬁii u) f(-m‘&ﬁak :_\‘ v:-—-\)ib /L

FEOM TABLE 2-3 PG 2-48 (INTERPOLATING )

Fok H/R: 3,23 Mg/m 2 O, 4
Hsb/H = 0. 82

FROM TABLE 2:4 PO 2:49 (iurerpoLariue)

FOR H/R: 323 mi/m= ©.721
ta[ﬂ‘-QOZ HQ./H P 0.563
M,-/m = 088k

HrL/H : 0.47)




ATTACHMENT P

[ 0 DESIGN ANALYSIS/CALCULATION
e ba Crystal River Unit 3

REVISION REVMARSP NUMBERFILE

S- G- 003 : N/A

i

sheet & of 2%

IDENTIFICATION NUMBE R

STEF (. . CouTINVED

E ‘L - .b
M = (.53%0&335[(c..4*3.23:¢ .4 ) 4 (o.‘.z_u. 0.5 0. l4> 2

B aakTh
(O,ef‘,“,t::a,am - G.'}?.“.*’,;.f’.-"i/'f'“'*/'t l‘ L

= (,333L0 ¥ 368 [( 0.0l1b3) " +(0.057)" +(.00! ‘*\)\(“"'}x] "

-

3 ‘04{0 E? in= 14

STEP 7! DETERMNE BOLT TENSILE (DAD CAPACLITY
(REFR] GIP SECTION 4 ¢ APA C )

ForR 114 ¢4 CAsT IN PLace BOLT ¢ (REC TABLE C.3-) pe C3-2)

Pullovr cAl = 4;.72L/b1¢ 41,72 .8\0."‘L = &6, 'BB‘V.SC
SHEAL CAR = 20.8blfk it 20.86/.8%0.% : 23.44 Ks¢
MIN EMBED

: 12h" ¢ 8% (ppesiecce Lesstn  ppa. OW6 sC-4230% ), 04
MIN SPACNG =

(53/4" { 28%8 ( REF Dwi 18130 sNTB SECTON F-F )i K

P |
vsE Redverion FAUOR oF | 2000 h ¢ Q857
3500 |

Fot SQ)O Fh COMCRETE

PulLouT eal: 41912% 0.857 ¢ 25.75 K41
SHEAR CAP = 20,8b% 0 857+ !7.881/4011-
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{ @ e

DESIGN ANALYSIS/CALCCULATION

Crystal River Unit 3

’ SETRAW 4

m THE -roP PLATE

S"\

sheet P4 ot 22 _
' IDENTIFICATION NUMBER REVIBION REMARGP NUMBERFILE
S-94-0013 l N/A
STLP § CHECL TOP PLATE
PER DwG (BI30 SHT 3 THE TOP FPLATE WAL A vERTILAL
@G PLATE AY THE ouTCd EOLE CF THE TCP PLATE,
"%ﬁ.lroae TO DETEAMNE THE MAwmura STAEL

€0,

REFERA ™

EY RAYMow0 T goAnit i WARREN € Yowkt,
TABLE 26 CASE Bb (p5393)

FoemuL Ay FOA sTRELS

T, : 3w nv)t«._é__ A, -
et Ty ,/ 13
(\ L,
O.b : 2v4|7 {1 te. "] /Z‘AZ’)+OO l \ é:.j /
Ty \' ™ s.5 | !
' /
O\b: 29528?,‘ ( BOOOO,M\ pap ,1r7'17;
Ib“_
' 44"
ia. TP Piare 13 0K i

WAHEAR DamereR
For \'h'dBoLT = 3"
A ‘l'/z 5
t:3/4'

q/b t 4 41

Bz 0067
wt 4172 |bs
v+ 0,3

C,, plate =30 kst
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Crystal River Unit 3 Sheet PI0_ of 22

l o DESIGN ANALYSIS/CALCULATION

IDENTIFICATION NUMBER REVISION REVMARSE NUMBEFUFILE

S-9k-0013 l N/A

STEP §.

CHECL SKLIRT STAESSES AT CHAR ATTACHAMEMT

haa "EM

NOTE ! DUE TO THE COuRLutAaTiow of THE TOF P'LArE/ o

EQuaTion 15 ACOMEAVATIVE ASLES. ME WT,

S T L322 4 2031

& * 430 k* v (4 qkt)am [Bed™

Rt

WHELE V i s o (,O .<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>