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Supp. Calc.

Supp. Calc.

Supp. Calc.

DESCRIPTION OF REVISION

incorporated the editorial changes itemized below.

Net torgque value for 24" valve was corrected to
reflect the result of Supp. Calc. No. Z.

Error in 10"@ net torgue ratio was corrected.
Note was deleted from Table 2.

No. 1 (pa. 15) - Page number was inserted.

No. 2 (pg. 8) =~ Friction coefficient symbol was
inserted in equation for friction
torque,

No. 2 (pg. 9) = The word "closed" was replaced by

"full open”™ in the Lorizontal
axis label.
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1.0

INTRODUCTION

This assessment was performed to determine the
differential pressure capability of the primary
containment purge valves should they be required to
isolate during a LOCA event. The assessment results
will establish that the existing Inservice Inspection
Program and Technical Specification limits on valve
closure time are adecuate to ensure valve operability.

In their review of the Fermi 2 purge and vent valve
operability demonstration, the Nuclear Regulatory
Commission (NRC) indicated (Reference 2) that a maximum
allowable stroke time should be established for the
10"@ and 24"¢Q valves for the "inservice test"
conditions, i.e., no load stroke timing. The NRC felt
that an allowable inservice testing time limit, more
restrictive than the Plant Technical Specification, may
have to be established to ensure that unacceptable
torgue loads will not develop on these valves during a
LOCA when the primary containment is pressurized.

Detroit Edison requested MDC's assistance in
establishing the differential pressure capability of
the purge valves and evaluating the need for a more
restrictive limit on the closure times measured during
inservice inspection (no load condition). Section 2.0
of this report discusses MDC's evaluation approach.
The details of the evaluation are presented in Section
3.0, The evaluation results and conclusions are
presented in Sections 4.0 and 5.0, respectively, The
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The references employed during the assessment are
listed in Section 6.0.

2.0 SUMMARY OF THE EVALUATION APPROACH
The approach which was applied in establishing the
differential pressure capability of the 10"@ and 24"¢
Jamesbury butterfly valves is outlined as follows:

(1) The loads and load combinations which were applied
in the original Jamesbury stress report (Reference
3) were re-established.

(2) A non-mechanistic, peak dynamic torgue value was
established corresponding to the primary
containment desian pressure of 56 psig and the
maximum toraue coefficient (i.e., CT (90°%)).

(3) The new predicted stresses and stress margins for
the shaft, bracket, bracket bolts, and body neck
were conservatively determined by increasing the
total stress values reported in the Jamesbury
stress report in proportion to the peak dynamic
toraue~to-valve breaking torque ratio.

(4) The realistic net toraue values that the valve
would experience while closing during a postulated
NRA event were assessed to establish the
conservatism in applying the computed peak
dynamic toraue,
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(5) The results from above evaluation steps were used
to confirm that valve closure time measured during
testing or no load conditions need not be more
restrictive than the Inservice Inspection Program
reguirements.

EVALUATION
The original stress reports evaluated the major

components of the valves, the results of which are
shown in Table 1. These stress levels represent the
combined stresses due to seismic loading, valve disc
pressure, and valve "breaking" toraue (the toraue
required to either seat or unseat the valve). The
breaking torques used in the stress report for the 10"¢@
and 24"¢ valves were 730 ft-lbs and 3279 ft-lbs,
respectively. The allowable stresses used are those
reflecting faulted loading conditions (Level-D
allowables) in accordance with the applicable codes and
are appropriate for the analysis of LOCA plant
conditions.

The original stress report did not include the dynamic
torque exerted on the valve by the compressible flow of
drywell gases during a LOCA. The dynamic torgue on the
valve can be determined by the method outlined in the
Purge Valve Closure Analysis (Reference 1) which is
based on the Fermi 2 drywell LOCA pressure ramp and
torague versus closure angle information developed by
the manufacturer, As indicated in Reference (2)

review of the purge valve operability demonstration,
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if for some reason the closure of the 10" and 24"
valves is delayed during a LCCA, the NRC is concerned
that high drywell pressure would induce net torgues on
the valves in excess of the torques used in the
original stress report. This possibility implies that
a time limitation should be placed on these valves
during inservice testing to ensure that the
differential pressure capability of the valves will not
be exceeded.

The intent of the following evaluation is to
investigate the stress levels on the 10"@ and 24"Q
valves resulting from the areatest predictable drywell
differential pressure, and determine if those stresses
are within allowables and contain sufficient margin to
eliminate any need for closure time limitations during
inservice testing.

3.1 Stress Levels Resulting from Dynamic Torgue
For this analysis, the drywell design pressure of 56
psig is assumed. According to BTP-CSB 6-4, "Contain-
ment Purging During Normal Plant Operation" and as
reflected in the Fermi 2 Technical Specifications, the

maximum allowable purge valve closing time is 5
seconds. Realistically, the reguirements of the
Inservice Inspection Program will ensure valve closure
prior to 5 seconds (see Article 3.3). Using the
5-second interval, the predicted post-LOCA drywell
pressure would ramp up to only 50 psig (see Reference
1, Figure 1), Therefore, using the drywell design
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pressure as basis for stress level evaluation is a very
conservative assumption.

Dynamic torque on the valve is given by the expression,
™ =CcT(6) Ap D3

where TV = dynamic valve torgue (ft-lbs)
CT = toraue coefficient (a function of valve
closure angle § )
Ap = differential pressure (psi) = 56 psi
D = nominal valve diameter (inches)

Using the Reference (1) toraue coefficient curves A and
B for the 24 inch and 10 inch valves respectively, at a
closure angle of 90 degrees (valve fully open, at which
point the maximum dynamic torqgue is developed for the
constant drywell pressure condition assumed in this
analysis), the resulting dynamic toraues are:

TV (24") = 6600 ft-1lbs
TV (10") = 800 ft-1bs

Toraue coefficient curves A and B are applicable since
Detroit Edison has installed all of the purge valves
such that the shaft is in-plane relative to the
upstream elbow. The dynamic toraues have been compared
with the torgues used in the original stress report,
and applicrable ratios computed:
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24"@ torque ratio = 6600 = 2.06
3200

10"@ torauue ratio = 800 = 1.10
730

The original stress levels (Jp and Tmax) determined in
the original stress report are presented in Table 1,
These values were then increased by the above factors
and compared to the allowables. These results are
tabulated in Table 2.

It should be emphasized that this method of comparison
results in a very conservative estimate of new stress
values resulting from the dynamic torque, because the
stresses originally computed were due to seismic loads
and disc pressure loads, in addition to the pure torque
loads. By amplifying the original stress values by the
above factors, the seismic and disc pressure stresses
are being amplified as well as the torgue stresses. 1In
addition, the disc pressures originally calculated were
conservatively, based on drywell pressures greater than
56 psi (62 psi for the 24 inch valve, and 150 psi for
the 10 inch valve).

As can be seen from Table 2, the resulting stresses are
still well within allowables.
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Net Valve Toraque

The pneumatic valve operators consist of a spring-
loaded piston linked to the valve shaft. Air on the
forward side of the piston compresses the spring and

holds the valve open. The valves are closed Ly the
spring when the pressure side of the piston is vented.

In applying a more realistic valve closure analysis,
force components due to spring force, piston back
pressure, valve friction and dynamic torgue all act
upon the valve, resulting in a total net torgue applied
to the shaft. Using the Reference (1) mathematical
model, an analysis was done to determine the maximum
net toraque the valves would experience through a
closure cycle during a LOCA event, The Reference (1)
drywell post-LOCA pressure versus time and torque
coefficient versus vclve position response curves were
used in the analysis. The results are:

Net Toraque (10"¢ valve) = 1,315 ft-lbs
Net Toraue (24"@ valve) = 3,130 ft-lbs

The net torgue in the 24" valve is approximately
one~half of the dynamic torque used to evaluate
stresses reported in Table 2. 1It can therefore be
concluded that the net torque on the 24" valve
throughout the closure cycle will not exceed the peak
dynamic toruue used in the Section 3.1 assessment, and
that the stress levels calculated in Section 3.1 which
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3.3

represent very conservative maximums, will not be
exceeded.

The maximum net torgue on the 10" valve exceeds the
peak dynamic torque used to evaluate stress levels in
Section 3.1. Therefore, a new amplification factor was
computed based on the maximum net torque.

10"@ net torgue ratio = 1315 = 1.80
730

The originally computed stress levels were then multi-
plied by this factor, and are shown in parentheses in
Table 2. As can be seen, the resulting stress leveln
are still well below the allowables. Considering that
the original stresses included seismic and conserva-
tively established pressure loads as well as the
torsional loads (as discussed in Section 3.1), it is
concluded that the components of the 10" valve will not
be overstressed during post-LOCA closure,

Valve Closure Limits

Utilizing the BTP-CSP 6~4, "Containment Purging During
Normal Plant Operation®, the maximum allowable purge
valve closing time would be 5 seconds. However, the
inservice test reguirements defined by ASME Boiler and
Pressure Vessel Code, Section XI, Article IWV-3417 will
realistically result in more restrictive closure limits
for the Fermi 2 primary containment purge valves,
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The as-received full stroke times for these purge
valves are well less than 5 seconds. Therefore per
Article IWV-3417 of the ASME Code, an increase in
stroke time of 50% or more from the previous test will
require the test freguency to be increased to once a
month until corrective action has been taken,

It is expected that over time, gradual degradation of
closure time may result from reductions in cylinder
spring force, increase solenoid valve opening times
and/or increases in surface friction coefficients.
However, if a full 50% degradation in closure time
were to occur in any one test, there would still be
ample margin between the degraded valve performance
condition and the maximum allowable purge valve closing
time of 5 seconds. 1In addition, the required increase
in testing freguency will ensure that the valve closing
speed is less than the maximum 5 second allowable until
corrective action can be instituted,

RESULTS

Reproportioning the originally computed stresses, baced
on the dynamic valve torques developed from the

drywell design pressure of 56 psig and net torque
valves during closure, results in stress levels that
are still within allowables, as shown in Table 2 and
the preceeding discussions. The margins remaining
between the new predicted stress levels and the
allowables range from approximately 10 percent to
approximately 80 percent of the allowable stresses,
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These margins are more than adequate to overcome any
additional stresses caused by normal wear of the moving
valve components., In addition, the reguirements of the
Inservice Inspection program will ensure that any
conditions leading to extended closure times are
identified and necessary corrective actions instituted.

The results also indicate that the AP capability of the
valves exceeds the maximum AP that would be experienced
at any time during a DBA and the valves would be
expscted to close reliably without damage from
overstressing,

The results are reinforced by the conservatisms used in
the evaluation, namely:

(1) A non-mechanistically determined drywell
differential pressure (56 psig) was assured to act
across the valve throughout closure, when in
reality the drywell pressure ramps up from near
zero to a peak value of less than 50 psig after 5
seconds, by which time the valve is normally
closed,

(2) The original stresses that were amplified in
proportion to the maximum dynamic torque were not
pure toraue-related stresses, but included also
seismic loads anA conservative disc pressure
loads,
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(3) The probability of the seismic and LOCA event
occurring at the same instant the purge valves
were opened for containment inerting or inservice
testing would be very low,

(4) The worst case torque coefficient (CT(R)=CT(90"),
"full open") was applied to determine dynamic
torgque irrespective of valve position. The torque
coefficient actually decreases as the valve
closes,

CONCLUSIONS

The evaluvation shows that the differential pressure
capability of the 10 inch and 24 inch drywell purge
valves are not exceeded during a DBA. Therefore, the
Technical Specification maximum allowable closure limit
is adeauate to ensure valve operability, and no further
limitations beyond the reauirements of ASME Section XI,
Article IWV~3417 need be imposed for measuring closure
times during inservice testing.
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TABLE 1

PURGE VALVE COMBINED LOADING STRESS SUMMARY (1)

DECO-04-2468
Revisi

Page 13

valve Component (o] o Cpe T max L@ e T ann Material
10" valve Shaft 29,945 20,718 33,687 23,214 105,000 63,000 17-4 PH
(ST880 Ms
Actuator) Bracket 9,632 6,853 13,192 8,376 40,000 24,000 Duct. Iron
Bracket 12,730 2,819 13,326 6,961 105, 000 63,000 SA-1°3 B7
Bolts '
Body 15, 202 1,974 15,454 7.853 30,000 18,000 SA-216
Neck ‘
! -
i g |
24" valve Shaft 9,907 11,396 17,380 | 12,426 105, 000 63,000 LaSalle
(T416SR2 Stress-
Actuator) Proof Carb.
Steel
Bracket - - 9,650 4,863 30,000 18,000 Carb. Steel
Bracket - - 29,330 21,390 105,000 63,000 SA-193 B7
Bolts
Body 4,271 2,596 5,497 3,361 38,000 22,800 SA-515 GR70
J Neck
O = Axial plus bending stress (psi)

' .. Transverse plus torsional shearing, stress (psi)
0’. = Principal normal stress (combined stress, psi)
Tm = Maximum shear stress (psi)

Caw. = Allowable normal stress = tension yield stress (psi)

t.u, = Allowable shear stress = shear yield stress = 0.6 O (psi)

(1)
(2)
(3)

Summarized from seismic qualification report JHA-76-34 (P1-2406) (Reference 3)
Properties comparable to 17-4 PH.
From Report No. DECO-04-2468, Supplementary Calculation #1.

(2)

(3)
(3)
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TABLE 2

PURGE VALVE COMBINED LOADING STRESSES AMPLIFIED FOR DYNAMIC TORQUE

Stress
Valve Amplification
Size Component Factor GP ‘t"“" OCau T“*
10" Shaft 1.10 ! 37,100 25,500 105,000 | 63,000
: (I.SO)slee note | (60,600) (41,800)
!
' Bracket 14,500 9,200 40,000 | 24,000
| (23, 700) (15,100)
Bracket 14,500 9,200 | 105,000 63,000
Bolts (24, 00O) (12,500)
Body “eck ; 6 17,000 8,600 30,000 12, 000
; (27,800) (14,100)
24" Shaft ; 2.06 35,800 25,600 | 105,000 63,000
Bracket 19, 900 10,000 | 30,000 | 18,000 N
Bracket 60,400 44,000 | 105,000 63,000
Bolts
Body Neck 11, 300 6,900 38,000 22,800

0.’ = Principle Normal Stress (combined stress, psi)

Tm = Maximum Shear Stress (psi)

O.hl-k = Allowable Normal Yield Stress (psi)

TAL\- = Allowable Shear Stress = 0.6 QL(”“ lA
(1) Figure in parentheses represent the Purge valve combined loading stresses amplified

for the predicted Net Torgue during closure, applicable only to the 10" valve as
discus in Section 3.2.



APPENDIX A
TO
MDC REPORT NO., DECO-04-2468
REVISION 1
OCTOBER 1984

SUPPLEMENTARY CALCULATIONS
FOR THE
ASSESSMENT OF PURGE VALVE

PRESSURE DIFFERENTIAL CAPABILITIES

Supplementary Calculation No, 1 - Stress Analvsis of Valve
Operator Mounting Bracket and
Bracket Bolts for Jamesbury 24"
Wafer Sphere Valve with Bet*is
T416-8R2 Operator (27 pages)

Supplementary Calculation No, 2 - Net Toraue Assessment During
Post~LOCA Closure of 10" and 24"
Drywell Purge Valves (16 pages)



MuLtiete Dynamics CORPORATION
JobNo. 8L/ 2
Owner ZECS (FEEM/-2) Client_TELE 742 oo

Project  EE/LHZT MO TECO -4 2448, SUP. cple. H 2

ELHLENIENTREY Ll lLTia) 1. 2

WNET TEATUE ASZESHIEIT LG foET -
loch closuts oF o ao 24"
LCEypWELL FUlEaE vhivES.

VALV/ES !
Ve Zedo 2" PN EEEYEY WM EE ST
WM S TEED IS Lcruilioe
VE3-20/ 2 Z4" THIECLYEY WEFEE - s/PEELE
d W BETTIS 74/6 GE 2 LCTikToR.
VEZ- 20272
Revision ¢
Prepared By/Date _.M_ ::g:j—é—
Checked By/Date 4{&.{,‘;}‘ i

5



MULTIPLE DYNAMICS CORPORATION
Job No. =/-/- 2

Owner_ ZECE (F&// - 2 ) Client Z=_= TER - >
Project BE/ELT DECO-O4 - 2468 Sws? chlc, 10. 2
ChLCGLL72 ] jﬂM/ﬂA{é

TH/E ClLlli/llmor/ FaeviesEsS an/
AREEECSNVIENT CF J/HE NET 72CPLE FRaIUEED
o/ THE 0" A 24" DEVWELL SFUKEE
VABLVES Z2RMME A TELL/ISTIC FET- Lech
Clos/kE CyelE.

THE CGEAEZLL MEJHCL /D /6 7o

DE TEEANNE THE NVESAYTIOE CF &5~
VLA E CONRYVENT AT/ S/ TIE WLVE
AT VIS CLOSLESE LIWELES Fror? FO°
(FulL crerl) 72 O° (FL/il CLOSED) 4 ALD
THESE CONIPONENTS FLEELCR/zALLY * WITH
CLOG G TOFRIES LOSTIVE AL CloswEE -
FOE TERLNAG TEFLRIES MNESOTIVE ) £NO /58
TIHE MES/LTS 72 O] 2 /1/57' TOF G =
VS. CLOSHPE AVGLE N E L2 EL5iH
valvE, ( FlewvelE /)

| THE prsTien 18 oS SEeD 4 LETZIL o/
FLGES 4 JrFor/éid 7, £Lon/G WITH THE
PSP TIe/E NVMIELE

o] THE FESLLTING NET TTeE V5B,
CLoSURE pNVELE CUR/E (FIKRFE | ),
TTE NBXIMMYNT NET TOPG/ES LRE L5
Follonw/s

AN, NET TERRUE /0" \VALVE = |26 frup3,
NIRY NET TOEDIE Z4 " IvE = 2/70 Fr-LH5,

Revision
®repared By/Date 274 ::9' 5

Checked By/Date Hk-f




MULTlPLE DYNAMICS CORPORATION
Job No. &/-/-/2

‘ Owner TECES (FEFM/I"Z)  chemt TE=co T - o

Project _XoreX ) TECD - O - 24668 SLFP chrle. LW 2

NOMIBNELATUEE
Ap ° /HoIECTED oLz of yelvE Disk (INF)
CT T DyNesrie ToRol/E coFFic/ENT.
D 5 pommel valveE pa, (/)
o T valvE SHEFT oA (/N0)
LP = DFFEEEINIAL FEESSUAE LLRO5% yLLVE
(Pela.)
Tw = ME]" closnme reaus Fri8s)
TA = fETULTENR 7BEZAE) FT-L55)
TrE = ST TERDIE (Fr-LB85)
To T Dortirr/e ToRLE ( F‘r-—lﬁé._)
® E = TImME AFE locRg ((sec.)
b/ = wlisclesucs pvElE ( Oze=sS).
/q = coEFFic/Erlr o= FRIcTion ( Y — e~
. Revision f
Prepared By/Date W- ;j | Pmi_
of /&
Checked By/Date [[74p 4,

A




Mouctieee Dynamics CorroraTION

Job No. S/~ /-2
Owner TEL O [FeFril - 2) Cliont_ TECD —de oo
Project EL/TLT ZELO 04298 Sy CLLE, No- Z

NET TR/ CLCLULATINS NIEETFALD

THE AET TEEGE N THE [fLEEE VALVES
BT LIy [ ofF closefEs /e THE
ALEEBCB/E CLt? e TIE TOER/E 7T
LETS 7> CLOSE THE velVE [FFov.0eD By

TIHE LCTULETRRE ) £NE THE JOPP/ES THET
TEINL T FETZED closSwreE (/e 7T

FR/ETIENS RALD THE LINBAT/E TEFGLE
SROLCELS By FLOWK/ LI5S 7778 yalveE),

7w = 78 - 75 - 7F
B

WHERZE ! Jw

7 e

Z T LCTIRTHE ST T ToLEPE
D L 2

I la e ToepLE
7= FrECT/or/il

NET TP =

ToOCP/E,

BCTLLTIX C/TIZ/7 TOLZR/=

LCTLE TR SLf T 27 /S L Fa it 77irn/ &~
VRLVE POET7HN/, TIE VOILES «/aEDD
LRE FrRKEIN FI/PN7 VENGSES SLUT7/Z/T
CL/iRPJES [frpon LELAELENCE ~-S., THESE
CLIEVED LLL JNCLUOED /) TH/S CRLS,

1S  FlEl8E 2 ane B ol T4E JO" vtivVE
AN 24° VAL/E RCTiaVER JPESILTIELY .

Revision ¢
Prepared By/Date /*?;- 22 &
Checked By/Date )

Page 4
, Vi
/A'%“;’f{ Lye

of




MULTIPLE DYNAMICS CORPORATION
Job No. S /- &

Owner T Eco (Fa@/A/-2) Client  TEce THE2 - o
TRE/ORT TECD "ob-2468 SUPR cilec. ND-Z

Project

I)rang/e TERPL/E

THE Dnwai= JoFR/E IZclulcELD 2 77°E
TDET - LOCAR FLOW Lo J77E&E ywlveE 1S
TETEL/IINVED By 7HE MEJICL TFRESATED
N FEEFELENCE &,

e

7o =(c7) 4P £° (Fri85)

L T 71 DOrn/Ell FFEST -loch FeESSJIEE
VIS, 18 ZIvEmp) N FlEAEE 4 pS
AL FpTTH) GF TIrE (EEFLO A ED
Frrorw £ 4) . ( PoI4)

SHCE AP (6 TIntE ZEAL//IE//T, A
ClCEIEE LI E&E VS JIMNE ,efz,a JIoN G P
N] BE ACSUWNITELD . THE LELLTII/ G /1D
ADINIIEL LRE THE CLlosills T E
CUHVES CRLAMATED N ELFEEENCE '
MELLULED HEFE A2 FlafE 5 (10" WLVE)
D FIELEE & (24" vilvE) .

ST THE CulVES PEARESEIN L So/77E -

WAKTT JOERLIPELD CARSE , TrE closwis
T/IMES L7 &S iy claff AV/ECE WNEEFE

TE/OLED .
(€T) = Dmarric TerRIE COFFFICIENT, & .
FLNETHXS GF VALVE P LE, T W LUES

Revision f f
Prepared By/Date 7:}»' 2 G :: 9_‘12__

Checked By/Date ﬂ :” %




Muctiete Dynamics CorrPoRATION
Job No. &/-/-2

Owner_Teco (FerrAl- 2) Client TEL THE2 -ex>
Project TCETPRT TELD ~O4- 2468 SUWPF crtlc. to. Z

UVEEL 2BE FEAS] FIGRE T ) CLUEIES
B D B (ThkeE FEM) REF. 4)

D = 7 AL VALVE DIR. (IIES)

Ff/c‘r/au TS/ =

FR/CTIH/L. TOEGUE Tiil] NIfE] EE oveEon’E
L2 ot CLOSUELE )5S CRLOUNIATED FfFEL THE
ETPUS LTINS O] JEEFLEFEINEE - & |

i &
= (4 4//:/42) £ )

|

MERE =~ Ap = FROTECTED LFEL oF WLlVE Pisk.

i

Z D% tos £

D= FOCT Dk, of WLVE
= 22" FrR 24" wlvEe (rEF 1)
= o For 10" wlvE (EEF,2)
£ T cloauE LNGLE .

AP = DL ELL PRESSCE (Fol&)

ACSUNED TO BE LFFOX . ©+ /O .
= SHUFT oL = 275" (24" wlvE)

T COEITICIENT OF FEETI ((KINET/E)
d
= 1.38"(10" velvE)

Revision ¢
Prepared By/Date ‘% 20 8 ::90 &

Checked By/Date J//./r? /1
e




Muctiece Dynamics CorporaTiON
Job No. &=/~ /=2

Owner “TELS (FERN/ -2) T4 - O

Client TFEC&

Project _ TCE/TR2T DELD ~o4 - 2468 SuPP._GRlc. Mp. Z

LRLculoTIoN] !

LV/ELES ,

”‘72/5—‘ S ECED/ING TOEDUES AND FEEL//(=TEES
AELE cLUCULATED FOB AR/, CLoOS/ELS

TIHESE WIL/ES LBE SLMMMLRIZED N 742LE
Z ane LetTTED A Freuees Z .

Revision

Prepared By/Date

Checked By/Date M\

y43

y
W
/et




7o = (cT a” D
Tn = FI1eL/BES 2 ¢3
Tn2 7Te~-T7F-T0.

9

§’ g'-!' 3 TABLE 7
>|8|@
5 :.' ! NET TOGNIE VS, CLORMFPE MMIGLE
=S
S g 2| 24| 4 A 7 | er| D 75 /o 7w
8 (sec) |rsi8) | (mt) | YerL8) W) \lFr.L8) (Fr.c8) |(Fr.c8.)
3 (2" ALV
#‘ Sﬁg T | o556 | 1S o |z o |.oglroo| 224 | 1186 | 826
R b 75 |28 | 2% | 20.3% 2.7 | .00 72 |/275 | 1806
E N GO | 0% | 25 |19.27 5.6 |.00% 75 | )%%0 | 1269
3 § 45 | 1,06 |20 |55.54 8.2 |.002 52 | 1%75 | 1215
g& 20 | 1./e | 27 |aB02 10,5 |, 002 54 1200 | 1225
C‘E E\ S /5 (124 |28 | 7se0 12,1 |.002 S50 | 1100 | 1022
i O |20 |28,5| 78 54 ‘ 12.6 |.0025 L 7/ 850 Tel
24" VALVE
70 |08k |22 | © |oro| © |.o085|19824| 2703 5823 | 2,20
75 | 154129 |984 32.7 |.00% leod | 3917 | 2280
&2 | /60| 3.5 |I90.0 68.6 | 00> 130t | 2917 | )542
45 | 180 | 225 | z8.7 3 |.coz 920 | 2500 | 1471
20 | 196 |35 |37 122.0 |.002 968 | 2500 | 1400
/5 220|371 |267.1 155.&6 |.002 102> | 2750 | /570
o |250 |28 |280.) * 165.5|,0025 # 1212 | 2500 | 202
/ y
TE = /E)(ﬂ, aP 2—4 ) ‘72 2 o0.e84(10'd) 5 1:375" (24" ) IA

Z AV D792 Jal FIVZ-pO- OZRZ Laamm W

(Z-1v2z4) @o2=z **"™0

D22 W

Oz -BFL
g- /'I’g ‘ON qofr

NOILVHOJHOO SOINVNA (] 3dILINAJ



Muctieee Dynamics CorporaTion
Job No.&/~/-2

TEEZ - o>

Owner TECO (FERM/-2) _cliom_TECS

Project EETDET TECO-09- 2468 SUPR _cpll. 0. 2

82D
B\\ﬁznsm( = 2/20 Fr-L85.
» 2W -
’§ 24" vl (74i65ez)
N
§ o
A\ ’
3
N rzoq : /
N , 1815 FT-185. 2 :
y F-——
<
JSoo0l
! —/0 " vALVE (sTaserS)
Soo 4+ + 4+ “+ + 4 -
909 wq 700 yo ”a ”0 wb 200 /0. 00
CLOGURE ANELE (70°= FULL a9 )
NET TORGUE VS, CLOSUEE Li/sLE
F/euer~ J
Revision ,¢ r /
Prepared By/Date W 2764 4‘;";'/4/“_* ::9'—1—
Checked By/Date [7.b-). , /7~ '
]



A6 1A

Ry N M hie

LRL R N I N I .

[ S

EEET TECO -O4- 2962

Asar L;m:_;..vi_z, ‘Tﬁ g el Z

\7/'?»’4-7;’80. Seml N R

maa: Vs_m‘(ﬁ.mm; S 4’ ol
: Fow '__-_'___. ,

pwomedesocnen

s7 290 Ms;_.iz:&iemi

P ' o+ ERS g .
F' / éﬂ/&? '2 A—'ﬂm EEF 51 "'f};//a




Teco - o4-246%
o

Ne. 2

fues //
oF fo

< CALL,
&-co

74
*

TORRUE - 1000 /M. LE5. (THé5R2)

i '
. .

. H P
— —— ] —— —— ———— ——- T——
' . ' '
s . ™ . .
. . ' .

.

.

-

e
|

. . . . .
. . .
- — . o — — — . —— —— —
. . M .
. . .
.
‘. .
- .

F-/éé/ff . 5 (F/Qfﬂ.éff5) |




TEO - o4 - 2444
SUFR cpele, 2

THE o>

(91sd) ¢

ve T I
3 b 4 i
|
44 -4 292 +44 44 E4 44 HE L e
S22
Hi 4 b4 b de bt Sl
44t et H alind
44
- b4 b
L h b bad b i ' 4 P4 e hed e
b 4o = 444 b |
xn 088 ' 4 44 s
44 p 4 p-+-4 RE & ﬁll -9
1 poda
+ 44 B byl had b o b Ab ey b ey
» 4
- ' 4 44 § 44 2 e
1
3
1t ' I - + 1
ol s Ad
p 8 4
2 " *
T
. e
. g
3 e
- 4 444 b44 by 44 4 $an - .. b eI Segpenagsses 08
b -4 bt
-+ +4=+ SRR T mﬂu - 2 Al H
Rpas 8 4 o
T HH T HH ss R T R R T e T R TR R R T S R e
444 b > 4 -4 4+ N.M - b4 ﬁ.g b
v * e =312 444 * Y v SRl " ..m . . .
4 4 1 asi1301s 9% nv . 4 4 - 4 1
4 b4 +4 4 141 ' 4 288 2 y 4 2 b4 =
- o a 4 >4 1 ' 4 v
b 44 {144 i
oo | M HH HH b4 ! 1 - o 22 +
H 4 3 2 2 2 - 4
4 41 . . L JL s 4 13
-
4 : - M HITHH H | 2 s ] ﬁx
ssifenndpbsidhnaatiedaente dssadeastatelyd 'l \ 1
Jnxxx -4 unﬂ nxﬁ In yvu 4 114 ¢ xx -+ 2 b ’
e 4 HEH L 311 HH H I
= b4t} 444
4 X!J I 2 B _ 2 4
) |
4 2 - 1 —
Lo : : s N i
8 . s M < 1 v_ ' +44 4 x..Av 111 i M1 HH -
22 ¥
by 41 b a8 . 1r xp xﬁ. y b 71 #
444 3 - 8 S
112 44 4 2 358 4 4 nr ux (11 il : | ¥ 1 . !
2 3 144 44 28 2 2 - 4 rﬁ . 4
ieiss ‘
. ! "e + Tr Eif 1 44 a3 ]
i \
T | | N T
- 1 ' '
AT _
4 44 14 M | 4 " i ﬁLI 1|1 i uxl
s 15 i H Hr a? i it
* s i . L 1 b4 r - 71 . 3
: ) e 8 ] e -
» -
-

t (SEC)

5 [ FRNT FFEFEEANCE 4)

FERMI - Z DEWELL LOCA RESERE AP

(Faow] Kk 4)

FIlaURE 4

2= /12




DECO -04-2468

GIR CPLE. Y. 2
T4E-co

14

.
* 4
- L ” : 38 ..L 1 lo v ld b 41
es 1 m sepise
T R L T T R L R | B TR
i .
bbb Ra e FHedd H4 44| + b 44 xr[ b w.v b 'J 1]
it | pihs i i e e s Y
4 b e by b4 bbb e b 4 - b . =
> -4 4
e H sedfiaadtileaisedifyeqiind fataljoiniinadisey -
28 ' 4 —— b b phtas bbb rﬂ m m nuv i d : seve
A
e e
. ew T
.- 23 Lo d
.4
1 2
444 14 + 4 See 4 4 L3 1 b4 113 s aeiies L4 e 3228588
N 44 o 4 2
HH Saanyedy ._umL sepiiing I g : .ﬁ 11 HH M
s LR AR R T T H b ¢ s sl 3
m.._ sepdisiitiess ﬂ §is it - e gv ,r. Hi m.rx :
4 4 b4 4 ) | i
2 S ad - 28 -
Stabganitgsnttanadlvacddng Jw . : +1 1 vxr §5s un v
L giee pae e ..H vJ . g !u nvA
Sl i5e s ¥ 4 4
b Yo 4 2313 2 L ﬁ 4 v
4 | 4 ' b ++ 4 2
anl . b4 o 4 nv ct : 1 L n vvJ e A..YT
4 -4 -4
- ¢ 2t ge 28 4 41 e 3
unuu n.._v_ s RRERRR nv 2 ! xux )4 4 uv T 3 LLE 1 uu'
41 3 4 - L .
-4 4 285 p | 4 |
4 H I i H g | A s 1 H
: HH i 1 : L
1 [ HTRHTTH T BT HH ]| HH
444 L4144 1 44 2 2 4
-+ 4 4 R4 1 H4 28 3 2 - e
=2
R R R T il i
114134 1 . -
Iﬁ 4 1
= - § -4 M vt J
i sitls 11 1 et 11T
22 f s xxnmnl t 2 .
.
L.ixlr T rr-lrxx.i .
‘1: o 1
4 er“ 3 ' b
b b . a bt
e 41
1ﬁ b 2 xv ] 28 4 — |
)
— T
: 6 |
2313 xvﬁ hj; H 1 4 ; P ~ = f 4 ﬁ 2 H{ 4 xr r
i 3 2 ' L AR
T LTEHTI U G LR LI R TR TR STy R TN

1.6

10

t (SEC)

CLOSURE OF 10 INCH VALVE FOR TORQUE

COEFFICIENT CURVES B AND D

NETE == FIMIES LIBEL /N LTI LPE THOSE
-B X ZL.

— —— e

S FFREN] cuvE

/3

oF B

(tiem £eF 4)

FlglEE 5

.




. . ’
. . .
T T . 3 o
( e et R 0851 I 4 I S ABA GHAR S USRS S WS ITIIITI T
- o - — S 4 PASRS 488 b b 8 > --a re . o St . 2 2A2 01 - l; b4 -
) - 4 - s &
- IL > v - ,Y
o ve o ‘o
g . - - - - T 088 6884 T 2 ' I
o o s s @ 0BDS B e - I3 3 3
n -— » - " - b & -d *® » ) & o9 & b e . S
=
o —4- 184 & S0t T et coebicor 24 Tt -y T ) T
R e el bl -t 1 1 ' 4 b
p— o o - - - b - - - - - i + -
o we s T
i - s - Y 3 . 1 TITT .o
e ey T Il < b ¢ e It Tz &
re b Bwn o e T2 - T 4
— I
80 B
> » 4 X > owd = > > Sl >
o o - o v 4 p & W o e ¢ - . - o4 o -
P . o - v 8 S\ 68 SRSAS S X g + > >
- - > - e > = » o
— POs Am m 0w TP Ty - - L “a et @ o — mo -
R < rws 1886 SeBel dARSS FEs el p o ™ = - 4 ' 4 )4 . "o 1 YT
> b &4 . 4 . . 4 - s h # — > LS &« - » o
70 - s =
" Y pE . . . = - - shas - 4 et -
g > ww z T Tl I TITITT LD =T
m——— - b e o % y & <
_ A -
o e 0 T s
- - — . - - . . - s - - ..
| ey b W0t & 5 '3 o @ T =3It T
— - - nd
— T X 11 o
60 Y
ot > I 1
o s > vs I = o 5 IT T Y
ey - {6 - - [t
e b .
>
E T rTTTYYTYYITTYTYYY - - -
=y T , o
= cTi0) = " A" SEX
50 — % -
- b oo i Y > -
- — - S o ot - ©n pud i e awe
—_ - " = T
— T
— " > *
p—— - - - - -
—— -
40 S t
- "
s o 4 e . » 1 % -
- > ) 96 PE & 08 h o4 > - b AN ses
- . 2 * e 3
-
Pt - ot T - ot s by I -
P . - fiine - *oapdhe s 6 s 8 s a0
p— b X'v—v
! u — I I ' e - s o8 04 T " 4
- — b p 4
S —— 5 8 - . cu o gy Tt B e ~
ppp— - o 3 T
4 - = rngd e y 4 » o ~ - Lol cd wa
4 Lo Be B4 s 4 b 8 = Treee b 4 e
P - e | —
20 — - P . uupa
——— w
e — — s et O e b v e § v e
— - > » . >
—_— ro 0% oo I >
= ren s e ' It wnddsnn o
'o e - . = 4 » e I S § 508 - = @ pog o= oA
—
e v - —is - e 1 I LI el ot b T
e — » — |8 e g enans o8 ‘¢ " 4
TITY -+ -
. - —4 - TIUEATAA PSS T —
X - - -
+ £ 3o >3 =gy PP =g g Py g ovgur
- rud wu s )& o e 1 1 ' »
) )4 — * v lad ad
- - v 4 te s = P S eI

0 05 1.0 1.5 20

t (SEC)

Rl CLOSURE OF 24 INCH VALVE FOR TORQUE

COEFFICIENT CURVES A AND B

MTE ! TIMES 1/6&"& N BAALIGIS LLEE THOSE [FROAT
cwve '4A" x Z.

cwevE 15 ROV REF. 4

/[~ /&Gl = - A FcE )b




.
‘.
o a—
-t powe -] T 11T 2 2t ++ t
$= r we ot + et rirL $% 9 o3 v } 4 - +
et T s emamsas ) mesosges ‘. 23] os 11
i T
+ e rreiteitis e e +erd +
reye . ;= S o @  ” v T > morveape 38318
- o s — ~—— - - N AR Tl ses 2TEs3ss
s : = = e o 1 oY $ees tweiajs 3 s . b
: < B7=7F
- 3 I TeS 3 Souve voy > W e swwnsn 840 3 . 3
m . 0 . PNK V- » o e e o + +
m > Tt
- - -
— P B s Jw:l 2 = gw »
o ame 5 4 Iy SeS A - ve 04 11t
S . e re w "' > oy . 2 i - ol e
5 .- . > e 94 ) 4
-
- " . & ' &3 b 4 334 & >
- b & ' e . *l b
> — T e o s STy 11
-
T T —ttss I + o 5o THT m
@ o ww s > & eI T 3 > 1 Tt
) e 1% FBe TS 80T 4 - I red oo + od
> - T
- I > -4 - o
b - - . » AR WS &Y o & < - - I e pa > 'S fee
;o - - oo y o = Ee rwwes isaR 3 v 'e TTITIL:
e ' - = =Lt T )esas e w
n T - = 2
~ | oe IS sos % - . Ted T wedfewe T L
'ete e
. - = 3 > x - e 111 it m
= : e s
+* - —— -
;3 - - T T 2 ey -.n «»u : - Hitrrtes
- oe o Surwa. il o % ABe e s 5 E 6 : .——
; 4
- . —_—t- 3 - F—- - 11T
- 1 > 1 8 5 & bl i & ST 8 1 5888 0 T R
¥o o - - > s Ty benes ssaas ou:
- - - vz etn - 0 - T “ 1 H»WH
> + [ o e o o g . Sa— 0 & Tt ittt
el Il!“ ¥ = ro. 8 e - " Twn ’e
oy ey g— - - — s ry = r - o T
- —— FH Hn oot e | o~ fnd S he Sone: 133 [l S o
= o e - - Lr.|'|| = 1a @ 88 yu s -
. ) 4 ol » 4 ‘o - h o
S T - e inpy S 5 2 TIILIT +++
Thany SR - + - ) = - ol - LW 4 Ee G guad
SRt Bl b e Sy G M .”“!0. ey 54 - ey - 4 ¢ jo w . -u &= & 5 1
— - - - -
T‘LvloalJ s 3 T : 18 » bl —
bttt > ettt s
P RAte SRSV b jnd ANNED S "
=] “ g ras oy 111t :
4 — 3
. 1T T y w @
=] O] P o — It 108 865 ® ‘. >
g4 ; 82 o & gt
B adins o 3 = - o w B < iR TSI 1t tthiotit et
- B ) ow v v - L SIIT tww
J 1+ s - = 18 # & S aoous paay: w
=l ettt 2 5 : ==t - g R >
ey e N Sm— — A - y 11t 4 § 4 yo
=A== r > S 2 i FEH e 1 1 L
[l T ot — >e
e e & = - o saea g b @ s
- - —— r o e --e
== G 3 §R o i >
T gp—— - s 3 2
v - -— e e 301 cads 04 194 oa & 01
e - < 3 - Pograe @ @ wv g on o FEB R yousd dang
L g - Rt betae Tanas wie 1 : o §
-- -
% e sests seeet oo
m - (=] = Al 2 ' T > o
p g
< = W e 'u o 299% 20 ER S 504 PY ¥U wua w
e > w -t LIRS JaSeseRsEsaEnT soan -
= — g < Moz i RIS o
~ T T m - @ @« = [ = T -
= o g H7 sedae e e
- poes iasey e hose) La
- —— & m v 4573 b
T > e
-— Py dodad o w
——f—— - B o
pe] m  — . o5 $33gesstfpes ns:
A R i : 8
- - oy T -
- -4 oasannsan e t enee as 4w T
o et $ tHE
w2 O T w
“w v 12 T e yo
= w3 Q Tie e =
29 S=n o A < s bdas b i o
e -
= w b
o} - T 45 o> o Sags
— .
5= SRt s : T3344e 48958
e QO Wg W .
EEES o> 2> . 3
o
O w
8- T 03 : i i T
it o > pregs 133441 3 S8daggss paeyl
g b — m - m - Pressas S3ssdesisadagacitisngiaiceli pSS
1 888
] W m = o H : : ¢
Q - - .
- Peed 28 per 1
s ettt et b gt b HER
IT7, 3133 < o o 3 I3 - 3 CE14tH
™ E ad
[t & Bl - pt 4 by 2 2
534 LS ATERERT TN Lx nm ‘ . 1333
. =8 44
ﬂﬂm .ur“" uM.h.u a3 > ux . w 4 ses = —. >4
- Yoms pome-poobs 23133 233 *
> gSed o -4 L 2 -+ -+ <
§i | Hrh e T : !
pe - > -
o
7 o § 1 » r ' e 4
4 e 2 ¢ ¢ g ] fgus 155 nLYVx e b4 b4 + 4 4
3 ST Boi Seae i1 H s 2314 i Ha s | 11115011 1%

005
-010
-018

020

F/GUEE - 7 (ram esry) “\M\




MuLtieee Dynamics CorproraTion
Job No. =/~/ =12

Owner XD (£ W/’Z> Cliomt TELD  THE XD
Project LI IiL]  TELD-d - 2B SULIFFR Gl rMo- Z

JEFECLIEES — SufRemz/mey coll Ho. 2

) TEMESPLIEY LT Lnd, M -4526] - C

SPEV, [, 24" VILFEE Sk y2 L VIEE Jiizw #e rﬂ/)
746 eé Z LCTULTTE .

2) TEMESOUEY (kP Lvig. NVE -4626/-2/, FEY. O,
/2" WBFER sFY L LWl w7 <72///=9:é2/£>/
ST -BEOND ACTINTERE .

D sEmmic gislFIcATION aF yALES CovEZED By
LETROYT EL/oN fURCHAGE O 1O, ZTE -8l B2
FOE THE ENRIEC FEGNIS LJTrC [PIER fLL T
T 0, 2 24O fROCESAED (MWOER TRNESEAEY
PELER /05 We-#22/ , pe- 24252, £1/D

TFB- 79/, etrezs Fie po. £7-22Z7.

4) mukss pitvs closues spplysrs ) By
WLty W. Criegird , ALOEN RESELAC/H
LpeereRy | wneccs TEE ply rEcrnsiie
I1/ETITUTE /Joz DEMN, PP EILGETTS
ocrecere , 128/ .

5) AR SIZIME CRLANETIONS Flemaier B
TAWIESTUY P FEfC LE/EE/T EL/GN, /il h.
170, 2. JE-BETBE2 , cliuiae CELeR M, 22 J
T -0y £/ ElLENO. PI-2421

Revision

@
Prepared By/Date 57 Page /2

of Il
Checked By/Date 4# ’ /,4



MuLtiee Dynamics CorporaTion
Job No. &=/-/- =2

Owner D& (Fen/ 2Z) Client D= T - e

Project _ EE/0=T DECO -4 -2468 S0 cple, ND- |

LELLE] NC . LECD -cof- 2408
SL/ITLZEMENTRICY CALLLALT7TEN, O, ]

CTEESS LNLLYDIE off VRAL/E CFEELToR

NPOUNSTING EELEHE T AND BRACKE]

BOLTS FOR TLMESLLILY 24"

WRFER - S/RIEIPE VALYE Witk EETTIS
T 4 -SRZ FEFLTER.

AFARLLLLE 70 LO&YIn/ELL A/ZEE
VLLYES yro-2012 F pes- 2022,

Revision

&
Prepared By/Date [/} %J;/ Pago:_é_

Checked By/Date ./ %/~ ,




Muctirce Dynamics CorporaTion
Job No._ &/-/-2
trco (Fckra/-2) Client_“=C2 Vi — Bl

Owner

Project _ =="20=7 NO. TECO-04- 2446 % €L/7F chle No. |

B 1&Z Gy /LD s/ FeentdT/cn)

-+

THE VRALVE NETE, ACTLRATOR MG TING
BCLCKET, AL BERICKE] BoOLTS o 77 Z4"
YRBLVIES p/ERE PL/RLEIFIEL W THE of/en/2Ll
vEerCER TrRESS LE/PET [ REFERELE 1) BY
COVIfRRIGN T B S//N/ILAR 20" el vE
WITHH S/l Camfn/ENTS, T WiLS
NCTED THAT THE SrELES=ELS oN THE Zo"
VALVE conztENTS p/ERE W/7HIN ALLOWAPRLES
BIID THHRT JHE ALIBLOGU(S VPN E TS <A
THE Z4" yelvEe weEeE STIROMNGER ) £0/0 THAT
TIHE Z4" VRL/IE FELLTDC WE/EGHS LESS J7LA)
THE 20" peliE o= T

ZT7T WAS THEEEFCRE CcolNcli/CEDL THE =7Fres
LEVELDS oW THE 24 "VALVE CcoWNIFENENTS b/ ol/ild
BE LESS THE/ TREOBE o JRE 2207 bl es
COWVITPNENTDS, AND 1/ FUETIHESS LPLlr/T/ =
TATIE LNNELYS/S YW/AS FEEAGENVEL.

THE o/ GNALL STRESS LEGE " Cor/SIDERLEL
LOAOS LUE 70 Se/SMMIC EXC/TATION
STATIC FRESDUESE oW THE VALVE Lisk,

L BNO THE VALVE BrELAKING [ SELTING)
TR E .

AS DISCUSBED IN ML REFOET M0, LECO =
G- 2958 , /T /D MECESSERY 7o LCETEEIMINE
THE COrNONENT STEESSES ZU/IE T& H/EHER

Revision -
Page
Prepared By/Date ﬂ%‘;@& of 27

Checked By/Date 1\7// \ %/




Muctiete Dynamics CorroraTion
Job No. &/-/- 3

-~

. Owner S=ECD [(FEE// - é) Client & Téﬁ’oo

Project ELAZRT Mo, e~ 04-2868 cup> —all. 1. ]

TR IES on/ THE 24" VALIV/E 778N WESE
CONCILECED /N THE O/ G/NAL STEESS
SCEFGET.

THELEFCEE |, A NOKE AccaFl TE
AEDECRNIEN)T = THE 24" W@l /E o Z0ENT
STEESPES /& S .

THIS PRLLALAT/EN) EETLBL/EHES TE
STRESSED /N THE ACTIRTEOR AISl/NT///E
BRLECKET gLr0 FRLECKE] PoLTs [Tl

THE Z4" VALVES puypr BETTIS poDEL
T ~SDEZL LCTreTol FEL T7E& Lot
CH/B/OLELD 71/ THE R85/l ViEr, TEA2
STEESS EE/ o7 .

SEIENICE ETEESSES pL8E CRLIC/LLATEL
BEEED o) EPLBLENT STRTIC Lol 5
FOR THE FOLLOWING FICCELERLT/IEN /S
( PR ReFeeincE 1)
LHer) Par/rel 5

2
VERTICR L

Z

VALLVE ToRpL/E = 2o £F7- L2,
D/Iec FEESSLEE = 62 PS/&

[ FPER REFERErNcCE I )

Revision

Prepared By/Date g/. l} ~— Page_2__

Checked By/Date )\ /// ¢

of _27




MuLripLe Dvynamics CorproRATION

Job No. B/-/ 12
Owner_ 5.0 [FEEMI-Z) Client_2EC o T4% oo
Project _ =izl NO, CE/ D -04-2448 SuoP CALS NO |

SUPINIARY OF FESINTS

CEPAZA IENT STEESSES (FS1)

ELCKET %3 BRACKET POLTS

Tp (s2/15M/C) /, SeL 23,060
T ( TORPUE) BoB4 6,270
Tp (7TOTAL) AR 29, 270
Tp (Allow,) 20, OO0 /105, ooo
Tex (SEISMIC) 82/ 15,1280

Thnax ( ToRPUE) 4,042 &, 270

T max (T075L) 4,60% 2/ ,370
Trew (Allopl.) /8,£00 62 coo

Tp = FPRINCIFLE NoRIIEL STEESS
Caney = AALXIALNAT SliELE STRESS

SOTES |

L) BLICURPLES LPE from FEFEEE/CE 1.

2) D/OC FREFHIE WAS LETELMMNED T©
NE £ NECLIGIBLE LFFEET o 7THE
ELLCUET LND BRLCKET LOLTS.

Revision 4
Prepared By/Date 7.9) e
Checked By/Date E{;,ﬁj ¥




MuLtiece Dynamics Corporation
Job No. &/~/-13

Owner_z=cp [FER4/-Z) _Client_TEL O T4@- 00

Project SEELTET 10, LE(D -C4-UtB P ol MO/

SRR T SNRLIPY o ENICiET

SEAC FELCES

FER gerebamkss 1 (( FRGE - 2) THE BlrokeT Wil
BE SBLYBED FOR THE FOLOWING EPUI/ALENT
BTAT/IC LoADS :

57 rroe) 2end Tl
55 vVER/CAL |

THE LopDS Wil 12E AR IEDL S//uU/L72r/8/8L) .

L TLLTE/E IMESFEAL 77HS

CLFITEE OF CLRLNTY [ LECLTEDL A6 SIV/EN /NS
BEFEEEILE 4.

ACTUTDR WE/SHT = Eés LB. (FéFL,%.25)

EChC LT [N FEAZLTTENS

THE EFbC K E] TETRDI/IL /D5 B/ /A A/l 2.

VABLYVES VRI-20/12 LN VER-2022 pLRE
OE/ENTED AS SN /N FIGLEE Z. THE LSal/me
CREES WSEL /N THE FOLLOWINE CALLLLLLTAN
COREES/LIL WITH THESE CRIE/TLT/CY/S 5 WHICH
CEFEECEMNT THE WERST LCIDONES corl/7on/
eV THE BROCKET (1€, SRELTEST SHEOR &
BENIIMG/ TENILE STRESSES) .

Revision 7 = o
Prepared By/Date 4//77 772/ | Page 2

of _ 27
Checked By/Date J7:4— ¥,




Muctieee Dynamics CorproraTion

JobNo. &//- >
Owner T [FERM!-Z) Client T&E<o 8 o

Project =T A2, CECD -04 2068 =0 il MO |

CASE # 7

CORRCESATILE [ LIENTBT/ION OF YAL/E VR3-30/2
ENCEPT VL VE SHEFT fo O/ 2ONTRL T8 IMEXin/ZE
EFFESTES OF VELTIRLL FoEE . SEE Frec/ilr 2,

Q7 ¢ TENSIE Llorly i STec5S
Vi ®  Penong STRESS
T *° <cresrR lovoinss STEESS.

TENSLE STRESS | ! G
{  &s0
CHE/OE AFERLTOR £5 £ Bepn) .,  AIRRSIE.
SUFIRETED /2y THE BRIACKET LEAS, ' L
5q. £ 7

=T FErETION, Sk

-r & mjg/LE FofcE } !_é'e_j‘_ - )V
/6.2

7 = (5r588)r 25 = 49/5 185,

"

A S CROSS-SECTINPL 2CEL EF LG || Y

= DNZX0.75 + LXO5 8 I~

- 7'5 /N‘l L o, "
Tr= YA 575 ps) 42}

Revision 2

/
Prepared By/Date ”ﬂ : ::9.2“‘-?_‘
Checked By/Date




MULT'PLE DYNAMlCS CORPORATION
Job No._ &/7°/- 2

Owner_ 2O ((Feipjr 2) Client__ T o 743 =l

Project _ REFOET NO. TErO -~ 24LA ScirP catl, 40, |

C (chsE #) cavTD)
IELPE STESS

CHELR CSEEFES /N JTHE LELS BT THE <R/ITicsl
SECTION WNW/ILL PE TUE 72 TG DIFFEECENT
LG /0TS ,

Z, * STEESS mE vo JEETELl Ba LaaD

Ts ° STEESS e 70 778200 oOF 2o vearicsl
LOLD AZ0uT THE ZF - X5,

T2 WL PE LI NRTED /2) RESLVMNG T-E
TEES/BL NEANENT )pTa LA ERIVELENT
COULFPLE WM [FLElEsd pcTING TI+Hax/or!
TIHE LEES

i
(2xz8e) 10:7) = //(F) I;- T
Fe/20 9 1 e ok
?z’,ZE: _/77;0— Z2¢ Pol. {k
_ M7

T WLl BE DETRIZUTED EQUALLY 7o THE LEGS.
2,7 2x(0i78L))75 wr = 7.2 PE/
Tiome) e T +Ta = 245 7%8)

Revision P

Prepared By/Date W/" : T Page L

Checked By/Date "hthe




MuLtieee Dynamics CorproraTion

Job No. &&/-/-5
Owner__Tezo [FEer/~2) Client  TEc= —g. o
Project _ FESTRLT pD. LECD-L4-2468 AP Ch.c . 1O .|

| (choe P21 coyrp)
EXAONE STEEGSES

Ms PMIEWIENTS L2 K- AX/S
M = (2g)n.25) + 53 (9.7)
= (2x286)(1125) + (5128&)(2.7) = 90,6/8N-L8,

8"=4
-aT—— T—-
Sy E SEcT7IoN MoDL/LLS — -
O PEACKET L20UT = ula
X RIS @ <o/7icel - } £
SecTiend | ‘ NE
stoos SR I
‘;
—“-/'é

P L
S, = A4 B 7 Qégdd)

o.5x&° | a«x.?/?/:—é)
& X 7.5
@,

- oo 4 27,45 = 2245 W’

" M Boe/8 o
e~ Sr T e 48 T 75 £
Revision 4 £
Prepared By/Date | /55 ot ::0—.21—
Checked By/Date PP’ MA-




MutLrieLe Dynamics CORPORATION

Job No. £/°/-2
TeEco (Feom/-2) Client EEC@ TS o0

Owner

Project _ = =/TRT Ao CEro~ro4-24¢8 SuPP cale. r/0. |

(case "1 conro)
COMEINED STEEZZES
e U7 + UL F 675 + 9/8 = 492 F5).

T = 9 M.

LGING THE MOES CliclE EDLNWLTIONS 3 THE FRINEIPLET
NOCMPL. STRESS (NB) AL 1EX/10L107 "Gt ELR
STRESS ( Tmex) crerd CE TETERININED .

Tp = %*J(%_)z+ T8 = /ree oy

me’/(g::)z*' " "= 82/ ps!

Revision

&£
Prepared By/Date {727, . 2%
Checked By/Date ,é '8



Muctiece Dynamics CorroraTion

Job No. S3/-/-8
@ owez==oc (rzep/-2) Client_P=Co T48- =0
Project Bl fD. LECO -4~ 2848 Syl chAle. No |

CASE #2

COLEESRWNED 70 fC/ENTETIENS, = VALVE
VED 2022 , SEE FlouRsE 4.

FRrE=EEDMNG SyMIILALLY 45 cAse * 1

Ty TENSLE STREES W AleLoFlag T 75 M
Ve = CEUDING STEESS AcTusnrewT. ® S8z L2.
T ® SHELAR STRESS

,,+37
Vg . = (5x ’-’ﬁé)X( = 327 P

. 7.5 mw
T(o7aL) = 2 ¢ 72 T = preccT SR

Ta ™~ ToeE=S/dibl SHELR.

(31’56) % = e A,

- (”"3-%””'7)(7,—/5‘) = 228 P/ .

T (rotAL) = 245 P2l

Te = M /S,

My = (B xz8e)n25) + (5% Z26)(97)
- ?0) E/EB W8,

Revision
Prepared By/Date sz _p_é ::";L,g"

Checked By/Date ﬂ’/ "




Muctiece Dynamics CorporaTiON

JobNo. £/-/ 2
Client_TECo THAB- oD

Project _ TSR T 147 Ll m= ol 2t SUNP. <l 1D

. Owner LECO [FERPM/ " 2)

(chace =2 con'7'O) —4
WYCALY, |
= Z7
3 -~
= & (15*14%) : § —I
&x /5 3 : “ ‘k\
= 492.07 W imz’r ¢
( weareeT % RATES ~ ca/fémm-nvs)
L T, = Bosis /4207 = 728 psl.
I =3+, = 227¢r 728 * /055 pPsy/
T T 245 pPB/.
USING PNefiR'S CI/fcldE ELPLISTIONS
N §'+f(°’,ﬁ)+ TP = e pol
Sy L 2’
T vy -—-/C /2)% T = z2o L/
NOTE @ chAsE w7 15 4 WoRSE
LORD /14F cori7/ord
Revision &
Prepared By/Date (575, cf :"”-ﬂ‘zz
Checked By/Date W/éi i




Mouctiece Dynamics CorroraTion
Job No, &/-/-2

® o z=colresm-2) Clont_DEZ O T
Project  EEZET 1/0. TECD - o4-2468 SR cple. N2 |

| BENCKET ANALYSIS (T L)
STEEGEES frEh) VALVE TEOPUE F T/ec FPESSUEE

——— e ————

THE STEESSES /& 7o A VRALVE Toke/s
= BROO Fr-LES WL BE LCEJEENINED

( 7/ SoWMIE TP/l /BED T C/FiJblly
ABBESS THE 24" VALVES N REFEEENCE [ ).

FFESSUCE ov) THE Vval/A=E sk /NEWeES
SELE LoklS ) FE SLFET. (TS 18 B
STRTIC FEESHRE , AS THE \JelUE WOULD SEE
WHEDS BEATED.) THESE SHELES pLE TRAG -
FERRED TO THE vVeLE oy sri2 NECK THEOC/ S
. THE BELRINGS , &t/ Lo NOT AFFECT THE
SRLCKET. TIeE&KEpoll , MEFLECT TSk Fetsallll

AEBNNE THAT THE ENTEE TeRGUES (2200 Frise)
/1S ThiEE) By THE BPRLACKET .

* vaLVE SH_RFT
a7

—&/TICRL
s 77/

Prepared By/Date
Checked By/Date




MucLtieee Dynamics CorporaTioN

Job No. £/~ "2

Client TE TEE - O

Project ZEEFZRT 1/D. TELLD - codp- DALt NPT CAE. pr2

(e tve rmmne smmses corrr'o)

CHECK T fULTE (7 /7l SECTEN

aei/a/yé LT SHLET & ; i s
' A .,”
M=T = Boopx/@= 2840 W18 "
s= 4(4°d%) ;5 - e
= 2.5(9*&%)/(6x9) L Pl l
= 475 w2 L

ooy o
o+ soal s T

b

UE/HNG MRS ClBaLE EGu/blion/s !

z ‘/
e TAE T mamd e

lrax = JE)i T = b0tz pe

V4 :
CHECK LESS ofF LELCKET P S - ——
AGHNIE TOFRME /1S TRLEMITTED T/‘*ZD /
EcUNALENT CalFlE., / ‘ | T
B poeesE 58 LEF . /
y Zedor MWiB _ ~
kot Bl 7w - 0 LL, |
Revision qﬁ
»?
Prepared By/Date & : Pago__l_g_.
of 27 _
Checked By/Date r,




- -— - — —-

MuLtire Dynamics CorporaTiON
3 Job No. =/ /3

Owner__ T &= (Fﬁ?/’/’/' z) Client &> T48B-o

Project 2587 2. TECD ~OF - 248 =7 ST pD. |

Sl £ s S P
LD EHHELSR o) L .

WM& morisir G eese
= Yo X 725 = 2%,%0 N-L8, RV

S- 3(15%Y, sxst 1
Sx7.5 &

7.5
G0
l

= /290 Lo/

_ B470 L&
¢ g B i, 75 Nt

= 465 Fsl,

LG SOHES Il E EO/ATen]S |

/

Tp = TR = 520 PEI

T ey = ﬁV/Z)‘;# 7t = zze .

L TSP RATE [ THE ce/ITenl
CWIFONENT]. 2200 Fr-LES RLRUE RESLILTS

N,
T e = &4 rs/
Cmex = 442 P2/
Revision Q 1
Prepared By/Date 777, s G ::go 2_/&_
Checked By/Date ﬂ; . oy



Murtiete Dynamics CorporaTION

Job No. &/ 7~ =
Owner_ TEce [ Felm/-2) Client__TDECO T48- oo

Project EEZET NO. DED -4 Ae8 PP ot 10 |

L

BLACUET BalT LAULYE/5

THE WHEST LED/NNG ASE LG THE BECkET
BOLTS /D WHEN THE yelVs SHEFT 19D ol ZarJRL
[ BEE FLHD CLUULLT G MALLIDED 1 FEFELEILE 5)
VIAIEPM (B LffFRr P/ bTiS FEe TIE o€/ Eh/ TN
DT VRLVES VR3- B2 0 vES- 202D . (Fi5.2)

A BOLTS ALLE LOED 7 LTTZcH TrHE BELCKET
T THE VOLVE V/ETK ., & BolTe RIS/ TE AcTwi e
V&> THE CGELCUET , p/ 10 THESE ALFE closer JO THE
ACTLETOR C. ., T4/ THE 4 BoLTS, S0 T/
FEELTES] [ELES LtFE CEVELSELD 1/ THE 4
ERACLET] -J@ - Yol VE NETE LPOLTS.

BUTE Wid PE Lrll)TBED FOR SELS/IIE
AL VALIVE T2FlE LotlSD, Tl FeEssSuwet
LHOE OO 1/8T LFFEET THESE PolTS (==&
Fcrs |2 )

SE/IBM/E Lepls =] e — 7 P/l
ag VE2T/cil

W7, ACTULTE = Sge L2,

VAaLvE 7ToePvE Do FT-LE2,
= 284> N-LOB.

BoLTS ¢ B4 DIUMETER. o /0~ FPITEH . (REF. &)
=" D/AMETE? = o820 "
A= oo aesL = 2,902 P /N

Revision ¢ wuf
Prepared By/Date @lﬁ > 24 W/é/; 454 ::90 15
Checked By/Date ,“fﬁp Y Ps s it

+



Moutiete Dynamics CorpoRrATION
JobNo. =712
Owner Do (FE=EM/-2Z)  Clent EECO T4 -

Project . ==Fr /=T WO . TELO-D 4 T4 S Cple NO.

BCLCKET TS =~ ZE/SMIC e ED

l @ = LopTER <.
& |
= g | s X
? ! | ﬁ'
0 ,
el |
3 ,
L E
w7 1% !
P

D
e ———— ——
J‘_'/'su l

-+
- X
5" z
- s
5.5“‘»5.5"
l e

EESOLVING FOREES R2ZOLT /N CF LOELMNALTE AVES:

M = (5x 58& x 37) +(2x586x% 10 7) T 29,852 m-LR.

My = B xZ&s X B T B2,F6Z WNLo.

Mc = BxsBex 125 = 19,778 (8.
e ® B 86 T 2970 L&.
F; = 3 x Zpe = 758 LE.

Revision é

Prepared By/Date |5 2‘{34,

Checked By/Date |S/.h 2 ,




Muctiree Dynamics CorrPORATION
Job Nu. =3/~

Owner TE=> (F&E=r7-2) Client &L & T4E3- o

Project _ X FEi=T AMD. TECD -0 -9 /77 chLe. ro. !

(ZEmic carD) = e ' /? 5
SHELE fofes ( Mz, B, 5) | Y
MZ,‘Z"'/’-=,47'£ , e -5 }, .-
ok |1 Pt /I%:_;.J'fﬁ_.m_
A= rereE sl poLT (eeeme)  F 42 y, IS
7= 5552 = 5.70" | £ dl

! 4>__£'_5._.

L= Mz /41
" 27,532/4)! s = /o0 LB,

Y —

74,( = /200 X(55/5.70) = 1254 L8.
® %, = 1900 x(15/5.70) = 242 L8,

__2/:‘ = /25¥+2?5'0 ® 2272 L8,
z{;/ = 242 +/708 = 2/00 L8,

.,)éffyzrmrj.éR’ /2",42 # 2-/,"7/2 " ?%ﬁf__

_4

f = TeNSLE poviE A oL 7 (GEISMIC) l

5 o 2/ z/%)

TELEUE foer= (M, M)

i | M,
= 229 62/22 . 17778/, 'r-";
= 4 4775 | LES, i L3 |
. Revision o |
Prepared By/Date 17£ ::9- o i 43
Checked By/Date v




Muctieee Dynamics CORPORATION

Job No._B/—~/2 _
Owner_ TEZL [/ F=m/- Z) Client_Z&E<L 7 98- o

Project =2 f/D. TELD -4~ 2ZHEB Sl cple A2

POLT _STEESSES ~ Se/oM/c

_ T=Ee oL
;A o, 202 /1 ” 12870 FE/.
T = 1775/p, 202 = 15, 878 FPS/

LICING fNE'G C/C Ly Eln/ &aT/ons/S .

z -/
=% +/(%) + 0 = 22,080 PS5/
5
7 mey = \/(72)2* z° =__/5,/% Pe/
Revision o ) &
Prepared By/Date /77, a/ ::tz_']__
Checked By/Date L[z‘ ﬁl



Muctirce Dynamics CorporaTion

Job No. &/-/- 2

Owner 2O (FERA1/-2) Client TECO T GES - e

/

Project F/Zl27” MDD, TECO - 42468 SaHP. SPLS 1D

ERUCEET BOLTE ~ VAUALVE JTCERAE [fAEES

'%" ValVE TR/ #
= 28 s NLB. .;Y \T
# = FocE FEE Poly e —‘%*’ | 15
TO VELVE TERAUE . e i 2 g
|
TEIrA  remert 4——FT 4
| et
2840 L s
/7- =" 4xZ07 /870 L85,
EoL] STEESSES ~ VALVE 720045 .
T = /870/0.%202 = &,270 FPS).
, SR
ELoepd MaR's o /e
z /
& mex =)[72)f Z° = g270 pel
T /
Tp = E+[RT = zzvo por.
Revision P 7
Prepared By/Date 22 &4 - e e ::9'7_7
Chacked By/Date |57,/ } |




MuLtiece Dynamics CorporaTion

JobNo. 8/-/-2
Owner TEC [FES4/-2) Client I ¥ECeo TR-o>

Project EEFDRT NP . THECD -0 2468 Sy cele. MO |
35"

: -ryf /-—A/ofE e

/ |
o b .
. MOTES
o — /. BLSED oA FIELL
‘5 Sy N M SUEEANENI TS
~ T &y ma 7-5-84,
O = ; ‘
\)f \\;{L 2.. VALVE CPErATHS
O HEE [MEUITED WIITH
£ / - r # POLTS , HalFE tas
r— x - (/2 /2, PaNCED 7o Allond -
3 AR IR O IENTLTION
i -9 Llo/s EirHER
4XiG .
L 8" - _pA 9 AU PLEs per
I W' ®. X . WIELDED CoriTiN-
g WE U provrs)
J ~——t % R(17A) J X
| " :
- ,_.;_Z_ ¥ =" |
!

JP VALVE NECK

L"l__%, * —

o

CVEELTOR PRUCKET fER 1B -20/2 72027

Fleuls 7 sur ) g 2
Revision ’
Prepared By/Date 22 24 ::9‘2202
Checked By/Date - !.J;“ ;




MucLtieee Dynamics CorproraTtion

Job No. &/~/ =2
Owner__TECD (Feini/-2) Client D=L o THE -

Project _ === 7 NO- mg'd-éﬁzé_saﬂ?_éﬂe AD. |

.

—
% eolrs | A}K r
10 -PIH ' R
T
N

o fl

N S 2 {
SEcT o A4

DT, LEAKET AR V- 20/2 § 2029
e~ 1 sty 2 o Z

Revision -] S— R TN
Prepared By/Date 14777 24 of. 9.21_
Checked By/Date |SHL..F, g

Jjc v




MuctieLe Dynamics CorporaTion
JobNo. = /-/ P

Project _ TEELET NO, CELZO -pb- 2A4BE =072 i, NO. |

SFEING <Y LINCER &
FaRrR S8 W =BG Y LINCER
,  wEAR S0E

| ‘ & 24'p
/ f +\ o
\Q‘) \JZZ‘ m;:zrr

7
EAEvATIN ELE TN

ve3- Bo/2 VE3- B2

( EEFERCENCE - ED/ZoN Dwe. EMT2/ - 9304, BEY. K
FIELD VEEIFIED BY MLS F-/8-84 .

24" el VBLVE SRIETATION
Frepes 2

Revision

&
P
Prepared By/Date %ﬂﬂ 0:90
al” " e d

Checked By/Date




Mouctirce Dynamics CorroraTiON
Job No. &/ -/ -2 _
. Owner_ D (Feam/ - 2) Client_DECES TH48 o

Project “E/ DT MO . DED ~Ob - 2448 S )f2 cple r& - |
J"“a“c (-wmve A ECK
it ’iha.

— v—— —

|

crIT Ll SrcTieon]

"
el

wge Lé. L;f/z".ﬂ_ k" o J "
o $4
® o et B

—
>
|
Qx\t
.
'E
ST

SEI/T1E LOALD CASE # ]
I/l 3

Revision
Prepared By/Date 7'97. P:OC
of &l

Checked By/Date VJ{G '! :



Mourtieee Dynamics CorroraTioN
Job No.. &/-/-8
. Owner LECO [ Felpm/-2) Client TECO TEES - o0

Project  T="T MO . TECD ~04-24 685 S chle AD

X

E
N
A‘\

SEIGAIE LOAD cA6F #2
. Wl 2,2
Revision & 24

Prepared By/Date 2. ::"
Checked By/Date




Muctirce Dynamics CorporaTion

Job No.&2/=/=/2
‘ Owner__TEce (Fe2rn/-2.) Client_ PE<O T4 oo

Project _ K=AORT MDD DECD 042408 /0 cole so. |

Nl La 7=
A = cross -cerrionssl sesa ¢ N?)
;: € GRLVITBT/IONSL ConNSTANT
= ® fogcs [(LB8.)
M =  Bewocin/e pmemteNT (IN-LP.)
S T sezrien mMeDuylius . 3)
T T TORRIE (WN-LB. R FT-LB.)
T~ 7 joemal sSreess ( LenNoiris oR Lval) (PS))
T * sHrear sTRzss (Ps))
Tp & THE /IBXINMILUIM PRIEIPLE STEESS

. =R poyes clrecle ((PS))

Tinex ® TrE ANRXINUIN Skl STEESS
FeER mMorrs crialsE ( FP8))

_l.l_ovlslon
ool — N—— - 2%
Prepared By/Date %g‘ 29 :"9' z—;‘i
Checked By/Date |[/7/1.74

S




Mouurieee Dynamics CorroraTion
Job No. £/~ -2 _
Owner_DECO [ Feirs/- 2.) Client TE£ & - hed - >

Project EE/DET 2. ITELLD -4 2408 SHFP. caie. nNO. |

EEF LN S

) TR MY AccccraTES EEET MO, THA-T6- P4,
‘sE/Bme PuiliFleL o 9F VL VES crvElED /Y
CET=OT ELSXN FUBCMASE cROER T £ -8Bo72Z
RO THE EPNRIED FEN) ATTNVIE [EVIR SoLbrT
N7 1o 2, |asESSED MICER TEECEEY
TELER. 0. 'S NME 428/, M- U252, AND
TFE 72/ ), ZRTED Ausis] 2/, M8, sr/508/
PUNE MO, P24 |

2) TRMESELRY Dris, No. /9626 |- 25, ke, <,
24" PFER - SSHFE KLIE # BETTS THGBEZ
“cTinTER (VALES veD-%l ¢ 2022), EO/EA
FILE n2. #/- 2227,

V) LETRLIT EL/5N Tuls. eMIZ/- 490h, eeV. K,
Layw/ELL FNCEE S)STENT FIFIE /ECrrS TR/ |

4) TELECON BETWEEN M. HINGFETER. [ mDC). F
PRI CEED ( aH - BETT/S chfLELTION ) oF
F-17 -84 ( ATTACHED)

5) TEM HENRY PEIECIATES Lecn?E//7
"GEIOVIIC PUIPLIFICRATIEN G VARLVES cevekel LY
ZETEAT eL/F%N AMBCILEE Rl M, TE- 86752
FErC ENRICo FEGMI ATEMIS TOMWER FLEMT eIT 2 il
1RXE TED WCER TN BECNCY R Mo , J 4676 )
- 24752, TFE-72))) ", ELIEN FILE W Pl - 2400 .

Revision -

-+

Chacked By/Date ol

i 7 M —— o 2o
A



L1

Muctieee Dynamics CorroraTion

Job No. &/-/-2
. Owner_TECS (Fe=lMmi-2Z) Client TZL O TH8- 200
Project BETDET MO« TECD - O4 LR SuPP. chle MO . [
PEFELEINES (corTD)
B) TELECON MBIO OF 7-2/ -84, M. HIHGFETER (WILZ)
AN EN FLNNINI /cmma/fwy coLrokeT/oN/)
( ATTACHED) .
\
\
i
Revision &
h o . P -
Prepared By/Date 27 A4 ::9‘ &L
Checked By/Date |/ 7/, /. T% <IN




