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SUMMARY

The stress analysis and evaluation of the drag-disc turbine trans-
ducer (DTT) shroud and cover welds used in the Loss-0f-Fluid Test (LOFT)
facility i$ presented in tabular form. The LOFT DTTs investigated are
either currently in use or are planned for use 1in. future experiments,
both nonnuclear and nuclear. The purpose of the analysis was to deter-

mine structural adequacy.

DTT shroud and cover weld locations, numbers, types, and areas were
obtained from Aerojet Nuclear Company (ANC) Drawings, NoS. 207726,
Rev. A; 204600, Revs, D, E, L, and M; 204645, Rev. K; and 206875,
Rev. B. Some 1locations and areas ‘are based on information in ANC
Quality D1screpancy Reports (QDRs) and analysis as referenced in the
tables.

Hydrau]ic ]oads were determined for both nuclear and nonnuclear
conditions us1ng axial and cross flow areas and a drag coefficient of
2.5. However, to allow for the sudden load application during blowdown
on the DTTs.in'the blowdown loop, an additional dynamic load factor of

‘A2.0 was applied.

Thermal loads applied to 'the shrodd: and cover wé]ds due to
restraint of differential thermal expansion between the shrouds and DTT
body, and the covers and DTT body were determined by using an average
temperature difference between the shroud and covers and the DTT body.

The requirements of the ASME ‘Bailer and Pressure Vessel Code,
Sect1on III of the ASME Boiler and Pressure Vessel Code of 1974, for
Class I vcomponents were -used to evaluate the subJect welds. In thosé
cases where stress levels exceeded the - code allowable, a simplified
elaétic/plastic procedure was used to obtain the fatigue 1ife of the
weld. This procedure was justified since the thermal conditions and the
resulting stresses met the appropriate criteria. |

ii
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The results of this analysis may be found in Tables XXV - XXVII
summarizing the status of LOFT DTTs.  The ‘meters currently installed
and/or planned for use in Experiment L1-5 are deemed structurally
adequate, provided a modular unit is installed at the PC-1 ‘location.
Use of modu]ar meters in the plenum and downcomer is recommended with
Cofe II for futuré'1055~of-coolaht experiments '(LOCEs). For 4ﬁuc1ear
exberiments following L2-1, it is recommended that modular DTT units be

used in all piping locations.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Those meters currently dinstalled and/or planned for use in
Experiment L1-5 are deemed structurally adequate as presently
fabricated, with the exception of the PC-1 location. Analysis, using a
modular unit at PC-1 is included in a sepaﬁate‘repOrt[SJ@ :

Those metefs currently installed in the plenum locations and on the
downcomer instrumentation stalk (1ST-1, 2ST-1, 1UP-1, 3UP-1, 5UP-1, and
dummy units above core 1locations 7 and 9) are adequate for-nuclear_
experiments to be run with Core 1 in place, assuming Core 1 will
experience no more than four nuclear LOCEs. Use of the modular meters
"in the plenum and downcomer locations mentioned above ‘is recommended
with fabrication and installation of Core 2 for future nuclear LOCEs.
In addition, use of a modular unit at the PC-1 location for all nuclear
experiments is recommended, subject to the results of the analysis of
that design[gj. |

For Experiment L2-1, the meters planned for use in the piping loca-
tions °(PC-2, PC-3, BL-1, and BL-2) should not be utilized without.modi-
fications to welds 4, 5, and 8. The fatigue life of each of these welds
is marginal,. and increasing length and/or weld size is recommended. if
modular units are not available for use. |

However, for nuclear experiments following L2-1, it is recommended
that the modular DTT unit be used in all piping locations. In the event
that modular units are not available for the piping locations for
subsequent nuclear LOCEs, weld modifications to welds 4, 5, and,8’are -
necessary in order to increase fatigue lives to reasonable values. -
Analysis of proposed weld changes ahd evaluation is recommended if the
non-modular DTTs are to be used for nuclear experiments. |

It is also recommendéd that weld 1, on the‘dummy DTT units be modi-
fied if the units are to be installed in Core 2. Length and/or weld
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- LOFT DRAG-DISC TURBINE TRANSDUCER SHROUD AND
COVER WELD ANALYSIS AND EVALUATION

1.0 INTRODUCTION

The purpose of the stress analysis and evaluation of the drag-disc
turbine transducer (DTT) shroud and cover welds used at the Loss-0f-
Fluid Test (LOFT) facility was to determine whether those meters cur-
rently installed, and/or planned for use in Experiment L1-5 are
structurally adequate as presently fabricated for nonnuclear Test L1-5,
and subsequent nuclear experimentation. Thezana]ysis dealt with predic-
tion of stress levels in the subject welds arising from reaction of
thermal and hydraulic loads for nonnuclear and nuclear (L2-4) condi-
tions. The predicted stresses were comparéd to ASME Section III[]],
Class I component stress allowables for evaluation of the welds, and are
summarized in Tables XIII - XXVII.



LTR 141-80

2.0 GEOMETRY FOR APPLICABLE DRAG-DISC TURBINE TRANSDUCERS

2.1 Weld Identification and Geometry

The informafion in Tables I -~ VII summarizes the DTT shroud and
cover weld locations, numbers, types, and areas for the DTT drawings
referenced below. These dréwings are applicable to the meters currently
in use and/or for meters which are planned for later use.

ANC 207726 Rev. ab2]l

ANC 204600 Revs. D, E, L, and M[3]
ANC 204645 Rev. KL4J

ANC 206875 Rev. BL%]

2.2 Hydraulic Flow Areas For Shrouds And Covers

Table VIII summarizes the axial and cross flow areas of the shrouds
and covers subject to hydraulic loads.  The values were taken from
previous analyses and/or calculated from drawing dimensions as
indicated. ' ' '

n
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3.0 THERMAL/HYDRAULIC PREDICTED LOADS FOR
EXPERIMENTS L1-5 AND L2-4

3.1 Hydraulic Loads

Tables IX and X summarize the hydraulic loads on the shrouds and
covers for both axial and cross flow for nonnuclear and nuclear cond1- :
tions respectively. The loads were determined us1ng

_ 2
P=CyxAxpxV/2xg,

where

Cd = drag coefficient (2.5)
A = flow areas

p = density

V = velocity

g. = gravitation constant.

The dynamic pressure terms (pV /2g ) were supp11ed by Ther-"
mal/Hydraulic Branch personne1[6’7 8] (see Append1x B). An additional
dynamic load factor of 2.0 was applied for the DTTs in the blowdown loop
to account for the sudden Yoad application during loss—of-coqlant'
experiments (LOCEs).

3.2 Thermal Loads

Tables XI and XII summarize the equivalent loads~appliedAto the
shroud and cover welds due to the restraint of. differential thermal
expansion between the shroud and DTT body, and the‘covers and DTT body.
These loads were determined by using an average temperature difference
between the shroud and covers and the DTT body, as supp11ed by Ther=-
mal/Hydraulic Branch per‘sonnelt6 8] (Append1x B). The average tempera-
ture difference gives rise to an. equ1va]ent therma] expan510n loady
determined by
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Peq = K x &L
and
6L = L xa x AT .
where .
Peq = equiya]ent Toad
- = shroud or cover stiffness
6L = change in length due to temperature difference
"2 shroud or cover length interfacing body
a ‘= coefficient of thermal expansion
AT = average temperature difference.

Previous analyses (Appendix A) outline the. procedures for obtaining
these equivalent loads, and were used with the referenced thermal data
on the following tables to generate the summarizéd thermal loads. Note
that for the plenum locations (1ST-1, 2ST-1, 1UP-1, 3UP-1, 5UP-1, and
dummy meters above "C" fuel assemblies), the nonnuclear thermal loads
were the same as the nuclear thermal loads. Due to lack of thermal data
(ATs) for the nonnuclear case, the ATs for the nuclear case were
utilized and are conservative.
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4.0 STRESS ANALYSIS OF LOFT DRAG-DISC TURBINE
TRANSDUCER SHROUD AND COVER WELDS

Tables XIII - XXIV summarize the stresses in the referenced DTT
shroud and cover welds for meters currently installed and/or planned for
the subject 1locations. The stresses érise from application of the
hydraulic and thermal loads summarized in Section 3.0 to the welds with
geometry summarized in.Seétion 2.0,  The loads were assumed to be evenly
distributed along the welds, and a stress concentration factor of 4.0
was applied to stresses in intermittent welds. ' o

Evaluation of the welds was done in accordance with ASME Boiler and
Pressure Vessel Code, Section III, Subsection NB-3200[]]. Simplified
elastic-plastic analysis was used to establish fatigue 1ife for the
subject welds.  Supporting analysis and evaluation is included in
Appendix A. ‘ '
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9.0 RESULTS

The primary stresses resulting from hydraulic loads were combined
with secondary stresses resulting from the equivalent thermal loads to
yield a stress intensity. This stress intensity was compared to an
allowable (three times design) intensity. In this case the allowable
was 45;750 psi for the stainless steel and weld materials. Although
many of the calculated stress intensity values exceeded the a]lowable,'
the criteria for simplified elastic-plastic analysis was met, and
allowed determination of fatigue 1ife for these cases. o

Note that in some instances, a comparison of 1load and geometric
data allowed evaluation of the welds on some DTTs without ca]culating'
stresses since those meters had less severe loading conditions and 1like
or larger welds than other meters which were analyzed in detail. In
bé?ticu]ar; for the 1ST-1 and 2ST-1 locations, results for the meters in
the 3UP-1 and 5UP-1 locations were utilized. Also, for the PC-3 loca-
tion for L1-5 conditions, results for both types of DTTs are based on
using ANC Drawing 204600, Rev., M. '

A summary of this analysis may be found in Tables XXV - XXVII,
evaluating the status of LOFT DTTs. It should be noted that the minimum
fatigue life in the accompanying tables is based upon the worst tempera-
ture difference between shroud and body. Although this condition may
occur only once during each LOCE, several slugs of hot and cold water
w111 pass the DTTs during the experiment. These slugs will give rise to
Sma]]er stresses, adversely affecting the fatigue life of the subject
: We]ds. For this reason, the recommendations for use of modular unit§
and weld modifications to non-modular units should be adhered to. (See
Section 6.0.)
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" size should be increased in order to increase the fatigue life, followed
.+ by review of the design change by Applied Mechapics Branch personnel.

P



TABLE I

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (207726, Rev. A)[z]

. 928

. Lquth Ar:ea2 .
Weld Location ) Number Type (in.) (in.™) | Notes

Front.ﬁé rear shroud 1 square groove - 0.911 0.046

'Shrqu to body (right) 20 fillet '2.055 0.116

Shroud.to 5odyi(1eft) 2 fillet 1 3.280 0.186

_End plate to front cover 3 square groove 1.206 0.024

Front cover to body 4 square groove 1.375  0.028

End plate to pody 5 square groove  0.756 0.023
- Torsicn bar cover to body 8 square groove 0.278 0.006

'Shaft cover to body 7, 21 square groer 2.080 0,069 combined length and area

and fillet A
End cover to shaft coQgr 6- square groove O 0.019

08-1yL ¥L1
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TABLE II

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204600, Rev. D AND E)[3]

. Length Ar:ea2 :
Weld Location Number Type (in.) (in. ") Notes
Front to rear shroud 2 square groove 3.796 0.190 |
Shroud to body. (right) 1 bevel groove 2‘06[a] 0.063[3]
~ Shroud to body.(left) 1 bevel groove Z.O[é] 0.067[a]
- ~ End plate to front cover 3 square groove 1.206 0.039
Front coﬁer to body 4 square groove 0.720[a] 0.022[3]
End plate to body 7 square groove 0.663 0.021 |
Torsion bar cover to body 6 square groove 1.48 0.053 2 welds included
‘ and fillet A
Shaft cover to body 5 square groove 1.50[31 0.032[a]
End cover to shaft éover 8 square groove 0.72 0.023

[a]l Amended to requirements stated in Appendix B, Gott-4-76, for 1ST-1, 2ST-1, 3UP-1 and 5UP-1

locations.

08-1¥L ¥11
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TABLE III

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204600, REV. L)[3]

[a] Amended as per EG&G Qual1ty D1<crepancy Report TF- 104 (December 15,

assembly (S/N 13).

,[b] Weld geometry supplied by LOFT Experimental Measurements Branch.

Length Area
Weld Location Number Type (in.) (in. ) Notes
Front to rear shroud 2 square groover 1.27[3] .0.064[a]
Shroud to body (right) 1,10 fillets 16821 g.1012]
Shroud to body (left) 1 Fillets 1.98L21 g 119021
End plate to front cover' 3 square groove 1.206[b] 0.039
Front cover to body 4 square groove 1.0fa] g o320l
End plate to body 7 square groove 0.663[b] 0.021[b]
Torsioﬁ bar cover to body A - 6 square groove 1.48[b] 0.053[b:I 2 welds included
' and fillet - '
Shaft cover to body 5 square groove 0.96[a] 0,031[3]
Eﬁd.cover to sheft cover 8 square groove 0.72[3] 0,023[a]‘

.1976) for meter in spare "C"

08-1vL 311



TABLE IV
LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204600, REV. L)[3]

Léngth Area

‘Weld Location Number Type (in.) (in.z) Notes
Front to rear shroud 2 square groove l.lﬁ[a] 0.058[a]
Shroud to body (right) 1,10  fillets 1.80l21 ¢ y08l2]
Shroud to body (left) | 1 fillet 1.80l81 ¢.108f2]
End plate tp front cover 3 square groove 0.525[3] 0.017[3]
Front cover to body . ‘ 4 square groove ].]][a] 0.036[3]
End p]éte to body 7 square groove 0.663[b] 0.021[b]
Torsion ﬁar cover to body 6 square groove 1.48[b] 0.053[b] 2 welds included
: and fillet
Shaft cover to body 5 square groove 1.20[a] 0.038[3]
End cover to shaft cover 8 square groove 0.72[b] 0.023[b]

[a] Amended as per Quality Discrepancy Report QDR TF-]OG‘(December 20, 1976) for meter in 1UP-1
location (S/N 14).

(bl wgld geometry supplied by LOFT Experimental Measurements Branch.

08-1vl ¥11
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TABLE V

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204600, REV.‘M)[3]

‘ - _ Length Areaz. , B
Weld Location Number 4 Type (in.) (in.”) , Notes

Front_tb rear shroud 2 square groove  0.911  0.046

Shroud to body (right) 1, 10 fillets 1.50[3] 0.090[31 combined length and area

Shroud to body (1eft) 1 fillet 1.7521 o q106l2]

End plate to front cover 3 - square groove 1.206 0.030

Front cover to body 4 square groove 2.50 0.063
| End plate to body. 7 square grbove 0.756[3]'0‘0]9[3]

Torsion bar cover to body- 6 square groove ;0,640 0,013[a]

Shaft cover té body 5, 9 square groove 2;074[3] 0,073[a] combined length and area
: and fi]]et." '

‘End cover to shaft cover 8 .SQUare groove 0.720 0.018

[a] Weld geometry supplied by LOFT Experimental Measurements Branch.

- 08-LyL WL
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TABLE VI

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204645, REV. K)[4]

[a] Weld number not shown on drawing.

- Lquth Ar:ea2
Weld Location Number Type (in.) (in. ") Notes
Front to rear shroud 2 square groove  0.911 0.046
Shroud to body (right) ] Tillet 3,280  0.197
Shroud to body (left) 1 fi]]ei 3.280 0.197
End plate to front cover 3 squere groove 1.206 0.030
Front cbver"to‘body 4 square groove 2.50 0.063
"End plate to body '7[a] square groove 0.756 0.019
Torsion bar cove? to body .6 square groove 0.640 0.019
Shaft cover to body 5, 9 squa-e grobve 2.560[b] 0.098 combined length and area
_ and fillet
End cover td shaft cover 8 square groove 0,720 0.018

[b] Weld geometry supplied by LOFT Experimertal MeasLrements Branch.

08-Lvl dL7
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TABLE VIT

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (206875, REV. B)[5]

“Weld Location

Number

Type

Length Area2
(in.) (in.")

Notes

Front to rear shroud

" Shroud to body (right)

Shraud to body (Ieft)

End plate to front cover

Front cover to body

End plate to body _

Torsicn bar cover to body
Shaft cover to body

. End cover to shaft cover

none

5

none

square groove
fillet
fillet

square groove

square groove
square groove

-

fillet

0.911  0.027
1.64 0,070
1.64 0,070

see note see note

2.50 0.075
1.26 0.038
2.464 0,052

weld length and area com-
bined with W4 below

no cover on dummy DTT

no cover on dummy DTT

08~ 1L ¥17
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TABLE VIII

" LOFT DTT SHROUD AND COVER AREAS FOR HYDRAULIC LOAD CALCULATIONS

Axial Flow
Component Area (in.z) Notes
Shroud (plenum type)[3>°] 0.717 Appendix B
* Shroud (piping type)[2’4] 0.717 Appendix B
"Front cover 0.963 calculated
Ehd'plate 0 . coes not see
_ A axial flow
Torsion baE cover 0.108 calculated
Shaft cover 0 axial flow load
from shaft cover
end
‘Shaft cover end. 0.102 . calculated

Cross Flow
Area (in;z) Notes

7.70 - ‘calculated
7.10 ‘A-calculated
0.469 calculated
0.755 calculated
0 does not see

cross flow

0.875 { calculated
0 does not see

~ cross flow

.08-1vL ¥11



TABLE IX
LOFT DTT SHROUD AND COVER HYDRAULIC EQADS (NONNUCLEAR)[a]

Axial Loads (1b) : Cross Flow Loads (1b)

V2
2gc _ Torsion Shaft
: Front Bar Cover Front Shaft End
Location and Drawing (psi) Shroud Cover Cover End Shroud Cover Cover. Plate
PC-2 204645 Rev. pL*] axiatlt7’l 116 15.6 1.75  1.65 0o 0 0 0
- 6.47
Ccross
. : 0
PC-3 204600 Rev. ML3] axialt’l 116 156 1.75  1.65 26.9 1.64 -3.06 2.64
6.47 ~
Cross
~ 1.40 - :
PC-3 204645 Rev. K[4] axiall’? M6 5.6 175 1.65 24.8  1.64  3.06 2.64
N . 6.47 | |
. Cross
- - 1.40
BL-1 207726 Rev. AEE%E%% axialt’d 310 416  4.66  4.40 71.6  4.3%  8.14  7.02
BL-2 207726 Rev. A . 8.63
. o Cross
| : 1.86 | i S
1ST-1 204600 Rev. DEE%Eg% axiall’l 2,91 3.90 0.44 0.41 0 0 0 0
© 2ST-1 204600 Rev. pLS3 1.62 : : :
’ | : o Cross
10P-1 204600 Rev. LL9IL3) 04ia106] 437 57,9  6.49  6.13 A
3UP-1, 5UR=1 204600 24.05 - | ~
Rev. D[EHE3} 5] cross
Dummys 206875 Rev. B 0
[a] Drag coefficient =C, = 2.§¥

d
[b] Dynamic load factor of 2 applied.

[c] Welds per Appendix B, Gott-4-76. .
[d]l Welds per EG&G Quality Discrepancy Reports, QDRs TF-104~and -106, (December 1976).

- 08-1pL ¥LT



TABLE X

LOFT DTT SHROUD AND COVER HYDRAULIC LOADS (NUCLEAR)[a]

sz Axial Loads (1b) Cross Flow Loads (1b)
29 Torsion Shaft
: c Front Bar Cover Front Shaft End
Location and Drawing (psi) Shroud Cover Cover End Shroud Cover Cover Plate
PC-1 207726 Rev. AE%% axialt’?  11.6 15.6 1.75  1.65 26.9 1.64 3.06 2.64
PC-3 207726 Rev. A 6.47 |
Cross
1.40
- ev. axia . . .
pC-2 207726 Rev. ALZ] ialt’l 116 1506 1.75  1.65 0 0 0 0
6.47
Cross
"0
BL-1 207726 Rev. AES%E%% axiatt’l 310 416 4.66  4.40 71.6  4.36  8.14 7.02
BL-2 207726 Rev. A 8.63
Cross
1.86
1ST-1 204600 Rev. DE%%, axiall’l 2,91 3.90 0.44 0.4 0 0 0 0
1ST-1 207726 Rev. A 1.62
25T-1 204600 Rev. DE%%, cross
25T-1 207726 Rev. ALZ] 1 0 (6]
1UP-1 204600 Rev. LES1-%), axial 43,1 57.9 6.49  6.13 0. 0 0 0
1UP-1 207726 Rev. A 24.05 -
3UP-1, 5UP-1 204600 Cross .
Rev. 0[59, 207726 Rer4]A[2] 0 6]
Dummys 206875 Rev. B axial 43.1 57.9 6.49 6.13 0 0 0 0
24.05
Ccross
0

[a]l Drag coefficient = Cd = 2.5.
[b] Dynamic load factor of 2 applied.

[c] Welds per EG&G Quality Discrepancy Reports, QDRs TF-104 and

=106, (December 1976).
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‘LOFT DTT SHROUD AND

COVER EQUIVALENT LOADS DUE TO RESTRAINT OF DIFFERENTIAL THERMAL EXPANSION (NONNUCLEAR, L1-5)[f]§

TABLE XI

[b]} Welds per 207726 Rev. A.

[c] Weld per EGRG Quality Discrepancy Reports, QDRs TF-104 and -106.

.[d] These are for nuclear conditions and are conservative for L1-5.
fe]l See Appendix B, KAH-1-76.

-{f] Force in _Table'XI is the ratio of the AT in Table XI to the AT in Appendix A, (JSM-1-77) multip)

[g] Welds per Appendix B, Gott-4-76.

_ied by the force in Appendix A (JSM-1-77).

Shroud/Body Front Cover/ End Plate/ Torsion Bar Shaft Cover/
Both Sides (ib) Body (1b) Body (1b) Cover/Bady (1b) Body (1b)
, Avg. (s Shroud/ Trans. (al Trans. Trans. fa] Trans. Trans. Trans. Trans. (al
Location & Drawing AT Shroud (1b) Axial Horiz. Vert. Horiz. Axial Horiz. Vert. Horiz. Axial Horiz.
- Po-3 204600 2“-'”%3}8% 7ste a0 1970 6.7 805 5.9 541 687 189 403 1290 5.1
- 0 Rev. M
PC-3 204645 Rev. KL%)

BL-1 207726 Rev. a2l 7stel 3049 1970 6.7 805 5.9 541 687 189 403 12% 5.1
- ev. A . :
15T-1 204600 Rev. Df8J(31  1,,(c](8)  (q0p 3180 0.9 1300 9.6 874 1m0 305 650 2090 8.2

25T-1 204600 Rev. p{81(3]

10P-1 204600 Rev. LLCI3] 3ol }8T g4y, . 3420 .7 1400 1.3 97 1% 328 698 2240 8.8
3UP-1 204600 Rev. B 130ld18] g 3420 n.7 1400 10.3 937 190 328 698 2240 8.8
SUP-1 204600 Rev. D '

Dunnmy 206875 Rev. B 1300908)  gaq, 3420 W.7 1800 10.3 937 1190 328 698 2240 8.8
[a] 1b/in. weld Iengfh.
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TABLE XII

LOFT DTT SHROUD AND COVER EQUIVALENT LOADSADUE TO RESTRAINT OF DIFFERENTIAL THERMAL EXPANSION (NUCLEAR, L2-4)[b]§

Shroud/Body Frant Cover/ €End Plate/ Torsion Bar Shaft Cover/
Both Sides (1b) Body (1b) Body (1b) Cover/Body (1b) Body (1b) .
) . Avg. t8) Shroud/ Trans. (al Trans. Trans, (a) Trans, Trans, l:rans. Trans. (a]
Location & Drawing AT Shroud (1b) Axial Horiz. Vart. Horiz. Axial . Horiz. Vert. Horiz.: = Axial Horiz.
PC-1 207726 Rev. AlZ] 220 11650 5820 19.8 2370 17.5 1600 2030 . 560 N80 - 3820 15.2
PC-2 207726 Rev. A%g 133 . 6990 3490 1.9 1420 10,5 960 1220 335 710 2290 9.1
PC-3 207726 Rev. A T : :
BL-1 207726 Rev. AE;} 129 6780 3390 1.5 1380 10.2 930 1180 325 690 2220 8.8
BL-2 207726 Rev. A ‘ '
1ST-1 207726 Rev. Ag} 121 6360 3180 10.9 1300 9.6 874 nio 305 650 2090 8.2
no |25T-1 207726 Rev. A - : o .
o T ) ' :
1UP-1 207726 Rev. Ag% 130 6830 3420 .7 1400 10.3 937 190 328 698 2240 8.8
3UP-1 207726 Rev. AfZ) )
SUP-1 207726 Rev. A _
Oummy 206875 Rev. 8[%] 130 6830 3420 n7 1400 10.3 937 1180 328 698 2240 8.8

{a] 1b/in. weld length. : .
[b} Force in Table XII is the ratio of the AT in Table XII to the aT in Appandix A (JSM-1-77) multiplied by the force in Appendix A (JSM-1-77).
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TABLE XIII|

LOFT DTT SHROUﬁ AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L]-S(a][4] AT PC-2i

'Primam St'resses[e] (psi)

Secondary Stresses (psi)

[f]

weld Typel 1 & Typel 1 &
Weld Location . No. Direction Magnitude Direction
Front/rear shroud B ‘6 /- 1,008/0 o/~
" Shroud/body (right) 20 tyx/“ ' 400/0 tyx/tyz
_Shroud/bocy (left) 2 tyx/" | 63/0 tyx/tyz
End plate/front cover 3 ~=/-= 0/0 ==f-=
. Front C(')v‘er/body 4 oxl.txy ) 2,230/0 txy/txz
. End p]ate/’l?ody . 5 --/-- 0/0 ‘yx/"y’z
Torsion bar cover/body 8 ax/-- 1,168/0 'txy/txz
shaft cover/body 7, 21 Iyx/" 96/0 Iyx/‘[yz
End cover/shaft cover - 6 0/ ) 87/0 - --/--
[a]l Welded per 207726 Rev. A.
[b] Sn = calculated stress intensity (primary plus secondary).
{c] l(e = fatigue life reduction factor.’ ’
[d] Sa = altgrnating stress intensity (modified by l(e and modulus of elasticity).
‘[e] Stress concentration factor of 4 applied to nancontinuous welds.

x = parallel to shroud axis; y = paralle! to front cover axis; ¢ = parallel to torsion bar axis.

Magni tude (psi) e (psi) Cycles
85,650/0 86,660  3.33 132,560 520
16,980/120 34,160 1.0 15,700 >108
10,590/120 21,310 1.0 9,79  >10°

0/0 0 1.0 0 >108
28,750/290 57,500  1.84 58,660 20,000

£ 23,520/29,870 76,080  3.19 111,390 850
31,500/67,170 - 148,380 3.3 226,970 125
18,700/100 37,800 1.0 17,080 >108
0/0 87 1.0 a0 06
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LOFT DTT SHROUD AND COVER WELDS STRESS AWALYSIS FOR LOAD CONDITION L1-5[3], AT PC-34,_

TABLE XIV:

Primary St.resses[a] (psi)

Secondary Stresses (psi)

Weld Type[e] & . Type[e] &
Weld Lacation No. Direction Magni tude Direction
Front/rear shroud 2 ox/-- 1,008/0 bx/--
Shroud/body (right) 1, 10 tyx/tyz 256/596 1yx/tyz
Shroud/body (left) 1 tyx/tyz 220/5G8 Tyx/tyz
End plate/front cover 3 oy/-- 88/0 --/--
Front cover/body 4 ax/txz 248/26 Ixy(txz
;3 }End plate/body 7 ay/-- 556/0 tyx/tyz
{Torsion bar cover/body 6 o/ 540/0 rxy/txz
Shaft cover/body 5 tyx/tyz A 200/372 tyx/tyz
End cover/shaft cover 8 o/ 92/0 -=/--

[a) Stress concentration factor of 4 applied to noncontinuous welds.

fbl Sn = calculated stress intensity (primary plus secondary).
[c] Ke = fatigue life reduction factor.

{d] Sa = alternating stress intensity (modified by Ke and modulus of elast city).

s [ s Al;g?ed

Magnitude (psi) ¢ (psi)  _Cycles
85,650/0 86,660  3.33 132,560 520
21,890/112 44,320 1.0 20,360  >10°
18,580/111 37,680 1.0 17,310 >10°
o0 88 1.0 a0 w08
12,780/234 25,560 1.0 n,740  >10%
28,470/36,160 92,00  3.33 140,790 420
14,538/31,000 68,480  2.64 83,050 2,500
39,090/278 78,580  3.33 120,200 700
0/0 2 1o >108

[el] x= paraliel to shroud axis; y = parallel to front cover axis; 1z = parallel to torsion bar axis.

42
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TABLE XV :
LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION Ll-S[Z] AT BL-1 AND BL-2

(el

Primary Stresses[a] (psi) Secondary Stresses (psi)
(e] Lel s, (b] [c] s.[41 Allowed
Weld Type & Type & Ke a No.
Weld -Location No. Direction Magnitude Direction Magnitude (ps_L (psi) Cycles
Front/rear shroud S o /- 2,700/0 o /-~ 85,650/0 88,350  3.33 135,150 500
' ' ‘ 6
i 2 90/11 35,140 1.0 16,140 >10
Shrouzl/bod)'. (right) 20 ty,/tyz 536/1,236 ) tyx/tyl 16,890/119 ;i
: §hroutl/body ‘leftl 2 tyxltyz 83/192 ‘lyx/’[yz 10,590/119 21,360 -. 1.0 9,810 >lo6
End plate/front cover 3 oy/-- 293/0 -—-/-- 0/0 293 1.0 134 >10°
Front cover/body 4 K x/‘xz 5.940/§24 Ixy/txz 28,750/290 57,830 1.87 49,570 20,000 .
. End plate/body 5 o y/-- 1,220/0 - - tyx/tyz : 23,520/29,870 76,040 3.19 111,310 850
:Torsion bar cover/body 8 o"/-- . 3,108/0 ' Ixy/txz 31,500/67,170 l48.42ll . 3.33 226,990 125
| . . 6
iShaft 0 - . 8,350 >
ha cover/l:ody ) 7. 2 Iyx/’lyz 256/472 tyx/tyz 18,700/154 39,940 1.0 1 10
End cover/shaft cover 6 ox/" 232/0 Al 0/0 232 1.0 107 >10%
" fa] Stress con_centratlon factor of 4 applied to noncontinuous welds.
[b] Sn = calculated stress intensity (primary plus secondary).
[c] K = fatigue life reduction factor.
(4] Sa = alternating stress intensity (-odified by K and modulus of elasticity)

x = parallel to shroud axis y= parallel to front cover axis; z = parallel to torsion bar axis.
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TABLE XVI

LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L1-5 AND L2-4121031 a1 qup-y

Primary St.v'esses[b:l (psi)

Secondary Stresses (psi)

Veld Iype[f] & l’ype[f:l &
Weld Location No. Direction Magnitude Direction
Front/rear shroud 2 a/-- 2,972/0 e/
Shroud/body (right) 1, 10 tyx/" 798/0 tyx/tyz
Shroud/body (left) : . ] ty,;/" ' 798/0 tyx/‘yz
End plate/front cover 3 -=/-- 0/0 --/--
Front cover/body 4 °x/" 6,433/0 t-xy/txz
| End plate/body 7 -~/-- 0/0. tyx/tyz
Torsion bar cover/bady 6 °x/" 490/0 txy/txz
Shaft cover/body 5 tyx/-f 645/0 tyx/tyz
End cover/shaft cover 8 o /- 267/0 --/--

[a] Welds per EGAG Quality-l)iscrepancy Report, QDR TF-106 (December 20, 1976).
[b] Stress concentr_ation factor of 4 applied to noncontinuous welds.

[c] Sn = calculated stress integrity (primary plus secondary).

{d] Ke = fatigue life reduction factor.

[e] Sa = alternating stress intensity (modified by Ke and modulus of elastiicity).
{f] x:

‘ s"I'[c] X [d] Sa[e] Al:‘g\-oed
Magnitude (psi) e (psi) Cycles
117,760/0 120,730 3.33 184,690 200
31,670/195 64,940  2.38 71,000 4,500
31,670/195 64,940  2.38 71,000 4,500
0/0 0 1.0 0 >108
38,890/318 78,040  3.33 119,380 750
44,620/56,670 144,260  3.33 220,700 130
6,190/13,170 29,100 1.0 13,370 >108
58,950/278 19,200  3.33 182,340 210
0/0 267 1.0 123 >108

= parallel to shroud axis; y = parallel to front cover axis; z = parallel to torsion bar axis.

*
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LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L1-5-AND L2-4[2103) AT 1up-1 (spaRe)

TABLE XVII

i

Primarnytrasses[b] {(psi)

Secondary Stresses (psi)

veld  Typelfl g
Weld tocation No. Divection
Front/rear shroud 2 o /-~
Shroud/body (right) 1, 10 Tyl
Shroud/body (left) 1 tyx/--
End plate/front cover 3 -=/--
Front cbver/body 4 ax/--
End plate/body 7 --/--
iTorsion bar cover/body 6 ox/--
IShaft cuver/boéy | 5 tyx/--
End cover/shaft cover 8 o /--

Type[f] &
Magnitude Direction
2,6%0/0 ox/-- .
853/0 tyx/tyz
724/0 tyx/tyz
0/0 -=/--
7,237/0 Ixy/txz
0/0 tyx/Fyi
490/0 Ixy/txz
645/0 tyx/tyz
267/0 -=/--

. [a] Welds per EG&G Quality Discrepancy Report, QDR TF-104 (December 15, 1976).

[b]l Stress concentration factor of 4 applied to noncontinuous welds.

[c] Sn
[d} Ke
{e] Sé
{f) x

"

calculated stress integrity (primary plus secondary).
fatigue life reduction factor. - ’ ‘
alternating stress intensity (modified by Ke and modulus of elasticity).
= parallel to shroud axis; y = parallel to front cover axis; 2 = paralle) to torsion bar axis.

sn[c] Ketd] Sa[e] Al;:?ed

Magnitude (psi) (psi) Cycles
10,670/0 109,400  3.33 167,300 250
33,860/209 69,430  2.71 86,330 2,000
28,740/177 58,930  1.95 52,660 16,000
0/0 0 1.0 0 >10°
43,750/358 87,720 3.33 134,200 500
44,620/56,670 144,260  3.33 220,700 130
6,190/13,170 29,00 1.0 13,370 >10°
58,950/278 19,200  3.33 182,340 210
0/0 %7 1.0 123 >108
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TABLE XVIIE

LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L1-5 AND L2-4[f]’[3] AT 3UP-1 AND 5UP-1

1
|

Primary Stresses[a] (psi)

Secondary Stresses (psi)

S"[b] L] Sa[d] A lowed

Magnitude {(psi) e (psi) Cycles
35,950/0 40,177 1.0 18,460  >108
54,290/383 1M,320  3.33 170,280 250
51,044/349 104,660 - 3.33 160,090 300
0/0 0 1.0 0 >108
63,640/310 127,720 3.33 195,370 170
44,620/56,670 144,260 - 3.33 220,670 130
6,190/13,170 29,100 1.0 13,370 >100
70,000/413 141,500 333 216,500 135
0/0 267 1.0 123 >0

Weld Type[e] & Type[e] &
Weld Location No. Direction Magnitude Direction
Front/rear shroud 2 ox/-- 227/0 ox/--
Shroud/body (right) 1 - tyx/" ‘ 1,368/0 tyx/tyz
Shroud/body (left) 1 tyx/-- 1,287/0 tyx/tyz
End plate/front cover 3 =/~ 0/0 -~/--
Front cover/body 4 o/ 10,530/0 Tx)/txz
End plate/body 7 --/-- 0/0 'tyx/tyz
N : Torsion bar cover/body 6 ox/-- 490/0 'xy/txz
Shaft cover/body 5 tyx/“ 766/0 ‘yx/tyz
End cover/shaft cover 8 ox/" 267/0 ==/==
{a] Stress concentration factor of 4 applied to noncontinuous welds.
(b] Sn = calculated stress integrity (primary plus secondary).
[c] Ke = fatigue life reduction factor.
[d] Sa = alternating stress intensity (modified by Ke' and modulus of elast:city).
[e] x = parallel to shroud axis; y = parallel to front cover axis; z = parcllel to torsion bar axis.
[f] Welds per Appendix B, Gott-4-76. .
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LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L1-5 AND L2f4[5] AT DuMMY LOCATIONS

TABLE XIX

!
i
!

Primary Stresses[a] (psi)

Secondary Stresses (psi)

veld  Typel®l s Typel®l & 5,0"] kfe st Ao
Weld Location No. _Direction Magnitude Direction Magnitude {psi) (psi) Cycles
Front/rear. shroud 7 2 o, /-- 6,385/0 o/~  252,960/0 259,340  3.33 396,700 30
Shfoud/body (ri gl)t) 1 ' tyx/"‘ 308/0 tyx/ tyl 48,860/550 98,340 3.3 150,430 370 :
'Shroud/body (left) 1 ty;(/-- 308/0 l:yx/'l:yz 48,860/550 98,340 3.33 150,430 370 !
End plate/front cover 4 /- 0/0 --/-- 0/0 0 1.0 0 UL
Front "cover/body ° 3 o /- 772/0 /T 18,670/195 37,350 1.0 17,166 >108
l End plate/body 4 anfe- . 0/0 . Iyx/tyz 24,660/31,320 79,720 3'.33 121,950 700 i
iTorsi.on bar cover/body None N.A. l
I Shaft coVer/body 5 tyx/“ 472/0 A t;;(/t_yz 43,080/417 86,160 3.33 131,800 600 ‘
End cover/shaft cover None ' N.A.

(al

(b]."

(cl
(d]

el

Stress concentration factor of 4 appliéd to norcontinuous welds.

Sn = calculated stress integrity (primary plus secondary).

Ke
%

fatigue l;ife reduction factor.
alternating stress intensity (modified by K and modulus of elasticity).

X = parallel to shroud axis; y = parallel to front cover axis; z = parallel to torsion bar axis
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LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L2-4[2] AT PC-]

TABLE XX

Primary stresses'®] (psi)

Secondary Stresses (psi)

_ - wela  Typel®l g Typel®d &
Weld Location No. Divection Magni tude Direction
‘Front/rear shroud ' 1 o/-- 1,010/0 ‘ o, /--
Shroud/body (right) 20 tyx/tyz 200/464 Tyx/tyz
Shroud/body (left) 2 t’,‘ltyz 30/72 tyx/tyz
End plate/front cover 3 o’/-- 110/0 ==/--
Front cover/body -4 °xhxz 2,230/234 lx/txz
End plate/body 5 o/-- - 460/0 ‘yx/tyz
; Torsion bar cover/body 8 °x/" 1,170/0 [x)/txz
! .
i Shaft cover/body 7, 21 tyx/tyz 95/180 !yx/tyz
End cover/shaft cover . 6 a’/;- 87/0 -~/--

{a] Stress concentratidn factor of 4 applied to noncontinuous welds.

[b] Sn = calculated stress intensity (primary plus secondary).

c} K,
(dl s,

fatigue l'lfe reduction factor.

alternating stress int,ensity (modified by K and modulus of -elast: cft.y)

, s s [ m ;.:ea
Magnitude (pst) e (psi) _Cycles
253,260/0 254,270  3.33 388,990 30
50,170/350 100,760  3.33 154,130 320
31,290/350 62,640  2.21 - 63,590 7,000
0/0 no 1.0 s >108
84,640/860 169,300  3.33 259,000 80
§9,570/88,260 , 224,760  3.33 343,800 35
93,330/196,670 435,380  3.33 666,000 <10
55,360/458 110,920  3.33 169,700 260
 o/0 &7 - 1.0 w0 >1°

(el x = paralle) to shroud axis; y = parallel to front cover axis; z = parzllel to torsion bar axis.
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LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L2-4L21 aT pc-2 anp pe-3i

TABLE XXI

|

Primary Stresses[a] (psi)

Secondary Stresses (psi)

[a] Stress concentration factor of 4 applied to non:-ontinuous welds.
[} s,
. el Ky

(d) s,

calculated stress intensity (primary plus secondary).-
fatigue life reduction factor.
alternating stress intensity (lodifiéd by l(e and modulus of elasticity).
_[e] x = parallel to shroud axis; y = paralle) to front cover axis; z = parallel to torsion bar axis.

' (bl {d] Allowed
) Weld Type[e] & Type[e] & Sn Ke[c] Sa No.
Weld Location No. Direction Magnitude Direction ‘Magnitude . (psi) (psi)  Cycles
Front/rear shroud [} ax/-- 1,010/0 ax/-- 153,100/0 154,100 3.33 238,300 100
Shroud/body (right) 20 tyxhyz 200/464 tyx/tyz 30,330/210 61,080 2.1 58,960 10 ,00(6)
Shroud/body (left) 2 tyx/tyz 30/72 tyx/tyz 18,920/210 37,900 1.0 17,400 >10
End plate/front cover 3 o /- T10/0 -/ 0/0 1o 1.0 51 >108
Front coyer/body q ox/txz 2,230/234 Ixyhxz 51,170/520 102,380 3.33 156,600 320
End plate/body 5 ay/-- 460/0 tyx/tyz 42,060/53, 360 135,880 3.33 207,850 140
Torsion bar cover/body B ox/-- 1,170/0 Ixy/txz 56,420/118,900 236,220 3.33 402,640 27
Shaft caver/body 7, 21 tyx/tyz 95/180 tyx/tyz 33,470/277 67,140 2.54 78,730 3,200
End cover/shaft cover 6 o /- 87/0 -/-- 0/0 87 .0 s »0®
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TABLE XXII

LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR EOAD CONDITION L2-4[2] AT BL-1 AND BL-2

Primary Stresses[a:I (psi)

Secondary Stresses (psi)

Weld Type[e] & Type[e] &
Weld Location No. Direction Magnitude Direction
Front/rear shroud 1 ax/-- 2,700/0 ox/"
Shroud/body (right) 20 tyx/tyz 934/1,240 Iyx/tyz
Shroud/body (left) 2 tyx/tyz 80/192 [yx/tyz
End plate/front cover 3 ay/-- 294/0 ee/--
Front cover/body 4 oxltxz 5,960/625 [xy/txz
d . )
End plate/body 5 oy/ 1,230/0 [yx/tyz
ooo Torsion bar cover/body 8 q)/-- 3,130/0 -'xy/txz
Shaft ’cover/body 7, 21 tyx/tyz . 254/480 _'yx/tyz
End cover/shaft cover 6 ox/-- 233/0 -=/--

[a] Stress concentration factor of 4 applied to noncontinuous welds.

[b] Sn = calculated stress intensity (primary plus secondary).
[c] Ke = fatigue life reduction factor.
{(d} Sa = alternating stress intensity (modified by Ke and modulus of elasticity).

S g s
Magnitude (psi) e (psi) _Cycles
148,500/0 151,200  3.33 . 231,300 105
29,420/205 59,980  2.02 55,700 13,000
18,350/205 36,860 1.0 10,930  >10°
0/0 294 1.0 135 >108
49,630/508 99,460  3.33 152,000 290
40,790/51,750 131,800  3.33 202,000 160
54,730/115,320 255,400  3.33 391,000 30
32,460/269 65,440  2.42 72,700 4,000
0/0 233 1.0 w7 08

(el x = parallel to shroud axis; y = parallel to front cover axis; z = parallel to torsion bar axis.
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LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L2-al%1 AT 1sT-1 AND 25T-1

TABLE XXITI

Primary Stresses[a:l (psi)

Secondary Stresses (psi)

Weld Type[e] & Type;e] &
Weld Location No. Direction Magnitude Direction
Front/rear shroud 1 ax/-- 3,750/0 ax/4-
Shroud/bedy (right) 20 tyx/" 740/0. tyx/tyz
Shroud/body (left) 2 Iyx/" A 110/0 tyx/tyl
End plate/front cover 3 -~/-- 0/0 --/--
Front covevr/body . 4 ox/-- 8,290/0 txy/txz
End plate/body 5 -=/-- 0/0 tyx/tyz
Torsion bar cover/body 8 ox/-- 4,350/0 txy/Ixz
Shaft cover/body 7, 21 Iyx/“ 350/0 tyx/tyz
End cover/shaft cover 6 ox/-- 320/0 --/--

[a] Stress concentration factor of 4 applfed to noncontinuous welds.

[b] Sn = calculated stress intensity (primary plus secondary).

{c] Ke
[d]) Sa

fatigue life reduction factor.

alternating stress intensity (modified by Ke and modulus of elasticity).

[e] x = parallel to shroud axis; y = parallel to front cover axis; z = parallel to torsion bar axis.

sn[b] ¢ [€] Sa[d] A].l‘:Ed
Magnitude (psi) e (psi) Cycles
139,200/0 143,000  3.33 219,000 120
27,590/193 56,600  1.78 46,300 32,000
17,210M193 34,660 1.0 15,920  >10°
0/0 0 1.0 0 >108
46,550/470 93,480  3.33 143,000 400
38,260/48,580 123,600  3.33 189,000 200
51,330/108,170 239,500  3.33 366,000 35
30,450/250 61,600  2.14 61,000 9,000
0/0 3220 1.0 147 6

>10°
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LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L2-4[2] AT 1-, 3-, 5UP-1

TABLE XXI¥

:
i

‘
H

AND DUMMY LOCATIONS

Primary Stnsses[a]'{gsi) Secondary Stresses (psi)

(e]

(b] (d] Allowed
weld  Typel®l s Typel®d & S S No.

Weld Location No. Direction Magnitude Divection Magnitude (psi) (psi) _Cycles
Front/rear shroud - R °x/" 3,750/¢ °x/" ' 148,500/0 152,250 3.33 233,000 100
Shroud/body (right) 20 tyx/-- 740(0 tyx/tyz ?9,420/205 60,320 2.05 56,700 13,000
Shroud/body (left) 2 tyx/" - 110/0 : tyx/tyl 18,350/205 36,920 1.0 16,560 >l()6
End plate/front cover 3 --/- 0/0 -/~ 0/0 0 1.0 0 >108
Front cover/body 4 ) qx/- 8,290/0 : Ixy/txz ' 49,630/504 99,600 3.33 152,000 340
End plate/body 5 —/-- 0/C tyx/tyz 40,790/51,750 131,800 3.33 202,000 150
Torsion bar cover/body 8 °x/" 4,350/0 ‘txy/tu 54,730/715,320 255,400 3.33 391,000 30
Shaft covgr/body 7, 21 tyx/s- 350/0 tjx/tyz 32,460/269 65.6?0 2.43- 73,300 4,000
End cover/shaft cover 3 o /- 320/0 --/-- 0/0 20 1.0 w7 >108
[a] Stress concentration factor of 4 applied to noncontinuous welds.
{b] Sn = calculated stress intensity (primary plus secondary)-
{c] 'Ke = faf.igue life reduction factor.
[d] Sa = alternating stress intensity (modified by Ke and modulus of elastlicity).

x = par_al]el to. shroud axis; y = parallel to front cover axis; z = parallel to torsion bar axis.
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LOFT DTT STATUS SUMMARY "(TEST L1-5):

TABLE XXV

b orc A,

Thermal/ Applied
~ Type/ Drawing Hydrautic "Mechanics
Location Configuration Number Revision Report Number Report Number

PC-1 modular/rake 208191 - LTR 141-74 LTR 141-77

PC-2 piping 204645 pl2] LTR 141-74 LTR 141-80

PC-3 ‘plenum/rake or 204600 M LTR 141-74 LTR 141-80

piping 204645 K

BL-1 plenun/rake 207726 A LTR 141-74 LTR 141-80

BL-2. plenun/rake 207726 A LTR 141-74 LTR 141-80

1ST-1 plenun . 204600 olbl. LTR 141-74 LTR 141-80
: LTR 141-67

!zsw-l‘ plenun 204600 pl®] LTR 141-74 LTR 141-80
| LTR 141-67

Wwp-1° plenun 204600 (fal LTR 141-64 LTR 141-80
- . LTR 141-67

3up-1 plenun 204600 gl LTR 141-64 LTR 141-80
A - LTR 141-67

5UP-1 plenun 204600 ofbl LTR 141-64 LTR 141-80
| : LTR 141-67

Dusmy dumay 206875 B LTR 141-64 LTR 141-80
LTR 141-67

Minimum
Fatigue
Life (Cycles)

[a] Welds per EGAG Quality Discrepancy Reports, QDRs TF-104 and -106 (December 1976).
(b] Welds per Appendix B, Gott-4-76.

480,000
125
420

125
125
130
130
130
130

130

370

Status

useable
useable

useable

useable
useable

useable
useable

useable

useable

useable

useable

for
for

for

for

for

for-

for

for

for

for

for

L1-5
L1-5
L1-5
Li-S
L1-5
L1-5

Li-5

L1-5

L1-5

L1-5

L1-5
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Thernal/ Applied Minimum
. Type/ Drawing . Hydraulic Mechanics Fatigre
Location Configuration Number Revision  Report Number Report Number Life (Cycles)
PC-1 plenun/pipe 20772¢{2] A LTR 141-74 LTR 141-80 <10
LTR 141-67 -
pC-2 plenun/pipe 20772612} A LTR 141-74 LTR 141-80 27
_ LTR 14°-67
PC-3 plenun/pipe 207726121 A LTR 141-74 LTR 141-80 27
- o LTR 141-67 :
BL-1 plenun/rake 207726121 4 LTR 141-74 LTR 141-80 30
LTR 141-67
BL-2 plenun/rake 20772612] A LTR 141-74 LTR 141-80 30
LTR 141-67 . -
15T-1 plenun 204600031 plb] LTR 141-74 LTR 141-80 130
: LTR 141-67
257-1 plenun 204600131 pl?] LTR 141-74 LTR 141-80 130
LTR 141-67
10P-1 plenun 204500l 3 ([l LTR 141-64 LTR 141-80 130
LTR 141-67
3up-1 plenun 204600031 ] LTR i41-64 LTR 141-80 130
. o “LTR 141-67
5UP-1 plenun 204690(3] plb] LTR 141-64 LTR 141-80 130
‘ . LTR 141-67 ] 2
Dumay dunmy - 206875(] 8 LTR 1164 LTR 141-80 370
LTR 131-67 - :

TABLE XXVI .
*

\

LOFT DTT STATUS SUMMARY (TEST L2-l) 

(a] Welds per EGAG Quality Discrepamcy Reports, QDRs TF-104 and -106 (December 1976).
[b) Welds per Appendix B, Gott-4-76.

Status

use not recommended

weld modification recommended prior
to use in L2-) .

weld modification recommended prior
to use in L2-1

weld modification recommended prior
Lo use in L2-1

weld modification recommended prior
to use in L2-1

useable for L2-1

useable for L2-1

useable for L2-1

useable for L2-1

useable for L2-1

useable for L2-1
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TABLE XXVII o
LOFT DTT STATUS SUMMARY TEST, NUCLEAR; L2-4 CONDITIONS.

) Thermal/ Applied Hinimum
Type/ Drawing Hydraulic Mechanics Fatigue
Location Configuration Number Revision Report Number Report Number Life (Cycles) Status
PC-1 * plemm/pipe 20772612} A LTR 141-74 LTR 141-80 <10 use not recommended
_ LTR 141-67 .
. PC-2 ‘plenum/pipe 207726[2] A LTR 141-74 LTR 141-80 27 weld modifications and reanalysis
LTR 141-67 recommended prior to use
PC-3 ‘plenun/pipe or 207726[2] A LTR 141-74 LTR 141-80 27 weld modifications and reanalysis
plenum/rake . LTR 181-67 : recommended prior to use
BL-1 plenun/rake 207726121 4 LTR 141-74 LTR 141-80 30 weld modifications and veanalysis
. LTR 141-67 ) recommended prior to use
BL-2 plenua/rake 20772612} A LTR 141-74 LTR 141-80 30 - weld modifications and reanalysis
S o LTR 141-67 recommended prior to-use
18T plenua  20772612] A LR 14174 LTR 141-80 35 weld modifications and reanalysis
LTR 141-67. recommended prior to use
25T-1 ‘plenun 20772612 A LTR 141-74 LTR 141-80 35 weld modifications and reanalysis
. . LTR 141-67 recommended prior to use
1UP-1 - plenum . 207726[2] A LTR 141-64 LTR 141-80 . 30 weld modifications and reanalysis
s : LTR 141-67 ) recomsended prior to use
3uP-1 plenum . 207726[.2] A LTR 141-64 . LTR 147-80 30 weld modifications and reanalysis
oo LTR 141-67 ' . recommended prior to use
SUP-1 plenua 207726121 A LTR 141-64 LTR 141-80 30 _ weld modifications and reanalysis
. LTR 131-67 _ . recommended prior to use :
Dumeny " dusay 206875[5] "B LTR 141-64 LTR 141-80 370 weld modification recommended prior
: LTR 141-67 to use in Core 2
. —
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LTR 141-80
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"y asa s & 8 shull LTR 141-80
- INTEROFFICE CORRESPONDENCE
date January 19, 1977
to M. W. Schulz
o J. S. Martinell ?/ W fadorit/
subject EVALUATION OF LOFT PLENUM TYPE DTT SHROUD AND COVER WELDS -
JSM-1-77 | |
Ref: (a) Document Change Notiée, DCN-L-2544, October 7, 1976

(b) "LOFT Dummy Drag Disk Turbine Flowmeters", ANC
Drawing 206875, December 24, 1976

(c) "LOFT Drag-Disk, Turbine Flow Meter Assembly", ANC
Drawing.204600, Rev. K, January 14, 1972

(d) ASME Boiler and Pressure Vessel Code, Section III, 1974

This letter documents the stress analysis and preliminary evaluation
of the welds attaching the shrouds and cover pieces to the LOFT plenum
typé DTT's as defined in Reference (a). The geometry and material
types for the components included in this analysis were taken from
References (b) and (c). Hydraulic and thermally induced loads as-
sociated with LOCE conditions were considered.

Thermal stresses induced by restraint of free end displacement of

the DTT body by the shrouds and cover pieces were calculated for a
"worst case" temperature difference of 530°F (body at 600CF and shrouds
and cover pieces at 70°F). This approximation gives rise to secondary
stresses which exceed the requirements of Subsection NB-3222.3 of
Reference (d) as summarized in the Table below and documented in the
accompanying Attachment. In addition, combination of thermal stresses
with those induced by hydraulic loads yields stress levels which
exceed the requirements of Subsection NB-3222.2 of Reference (d).

Weld No. ' Expansion Stress Intensity Allowable
| (Pe) (&) Sm)
W=1 192,000 41,700
W-2 899,000 41,700
W-3 75,900 ' 41,700
N-4 257,000 41,700

W-5 ' 119,000 41,700
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LR 141-80

M. W. Schulz
January 19, 1977
JSM=1-77

Page 2

Since the welds do not meet Code requirements on secondary and com-

- bined primary plus secondary stresses resulting from the assumed

load conditions, fatigue analyses to determine the allowable number
of cycles for each weld was deemed inappropriate at this time. It

is recommended that a more detailed thermal/hydraulic analysis of the
subject DTT's be considered to determine the following:

(1) a more representative temperature distribution in the
DTT body and shrouds and cover pieces for use in cal-
culating thermal stresses in the subject welds,

(2) the number of thermal cycles which occur at the DTT
locations during LOCE's for use -in evaluating the welds
from a fatigue standpoint.

Revised weld evaluation will depend upon the results of the recommended
detailed thermal/hydrau11c analysis.

er

Attachment
As stated
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R ) H, A. Rau —
, INTEROFFICE CORRESPONDENCE LTR 141-80
date February 10, 1977
f to R. L. Crumley
" trom J. ‘S. Martinell ?cj' WM
subject EVALUATION OF LOFT PIPING TYPE DTT SHROUD AND COVER WELDS -
JSM-2-77
Ref: (a) "LOFT Piping Drag-Disk, Turbine Flow Meter Assembly",

ANC Drawing 204645, Rev. L, May 22, 1972 :
(b) Personal Communication, C. E. Winsel to J. S. Martinell,
Jan 26, 1977 : ‘
(c) ASME Boiler and Pressure Vessel Code, Section III,
Subsection NB-3200, 1974 .
(d) R. C. Gottula 1tr to L. Y. Ybarrondo, Gott-4-76,
LOFT Drag Disk Turbine Meter Shroud Welds, June 9, 1976
(e) Personal Communication, K. A. Hedquist to J. S. :
Martinell, Feb 9, 1977 » .
(f) Personal Communication, K. B. Wilson to J. S. Marti-
nell, Feb 9, 1977 :

This letter documents the stress analysis and evaluation of the welds
attaching the shrouds and cover pieces to the LOFT piping type DTT's as -
defined in References (a) and (bg. Hydraulic and thermally {nduced

loads associated with LOCE conditions were considered, and evaluation
was performed according to the criteria of Reference (¢). Data for
estimating hydraulic loads was taken from Reference (d). Thermally
induced loads were calculated assuming restraint of free end dis-
placement of the shrouds and cover pieces by the DTT body. Temperature
histories for the PC-1 and BL-1 locations were taken from Reference (e)
and are based on experimental data from previous tests at LOFT.

Analysis of the subject welds on the piping DTT's at the PC-1 and BL-1
locations is sufficient for evaluation of these welds as well as for
those on the piping DTT's at the PC-2, PC-3, BL-2, and CS-1 locations
since the DTT's at the latter locatfons experience hydraulic and
thermal conditions near or less severe than the conditions at the =
BL-1 location. Results of the attached analysis for the subject welds
on the DTT at the PC-1 location indicate that stresses resulting

from combined thermal and hydraulic loads do not meet the 3Sp re-
quirements of Reference (c) due to a temperature difference of 2400F
between the shrouds and DTT body. Weld stresses for the BL-1 location
meet the 3Sy requirements with the exception of weld number W-2,

which is not critical since faflure of this weld would not cause shroud
separation from the DTT body. Even though the weld stresses at the
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R. L. Crumley
February 10, 1977
JSM-2-77
Page 2

PC-1 location do not meet the 35Sy code requirements, it is felt that
the DTT at this location can be safely utilized for L1-4 without
ge?;gnimod1f1cations. Basis for this decision is drawn from the
ollowing: :

(1) The 3Sp requirements of Reference (c), which are not met,
are controversial, with some members of the ASME Code
committee believing that the type of thermal stresses we
are considering should be exempted from the 3Sy limit.
The rules were this way at one time but were changed as
a result of an inconsistency between piping and vessel
requirements. This inconsistency was resolved on the
conservative side as might be expected.

(2) Quench testing of a piping DTT with identical welds in-
dicates no visual damage to welds after 30 thermal cycles as
documented per Reference (f).

(3) Fatigue analysis using the procedures of Reference (c)
with relaxed requirements on the thermally induced stress,
indicates the most highly loaded weld (ie, W-2) can with-
stand 600 thermal cycles. '

The subject welds on the DTT's at the PC-2, PC-3, BL-1, BL-2, and
CS-1 locations are deemed adequate for conditions expected during
L1-4, However, it 1s recommended that the shroud and cover designs
be reviewed and/or modified in order to reduce thermal stresses, and
a more refined stress analysis be performed for evaluation of the
designs prior to nuclear LOCE's.

It should be emphasized that this analysis applies only to the subject
welds on the piping type DTT's, and does not apply for the plenum
type meters in the fuel assemblies or those in the downcomer. The
results are dependent on the thermal data of Reference (e) as men-
tioned previously and subject to the 1imits of that analysis.

er

Attachment
As stated
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OF.Ll-l TEST KAH-1-77 ] '
References:

a) "LOFT Piping Drag-Disk, Turbine Flow Meter Assembly",
ANC Drawing 204645, Rev. L, May 22, 1972.

b) Personal Communication, J. S. Martinell to K. A. Hedquist
February 9, 1977

c) J. S. Martinell letter to R.-L. Crumley; JSM-2-77, "Evaluation
of LOFT Piping Type DTT Shroud and Cover Welds", February 10, 1977.

d) R. L. Moore, COUPLE II - A Two Dimensional or Axisymmetric
Finite Element Steady-State and Transient Heat Eonauc%on
Code With Inverse Capabilities and Dynamic Dimensioning for
U%€ on an 1BM 360//5 Lomputer, (1o be published),

e) S. A. Naff, Quick Look RegortE LOFT Loss of Coolant
Experiment L1-1, Marc y 1976.

f) Personal Communication, J. K. Jacoby to N. E. Pace,
February 2, 1977. . :

g) R. T. French, An Evaluation of Piping Heat Transfer,
Piping Flow Regimes and Steam Generator Heat lranster for
the Semiscale Mod- August 1975.

This letter 1s to document the thermal transient analyses of the LOFT
p1p1n? type DTT's as defined in References (a) and (b) which were
done in support of the stress analysis as reported in Reference (c).

A horizontal cut through the DTT body and shroud was taken and a
. two dimensional symmetric finite element model was made ( see Fig.
1 and 2). The small covers and extensions that protrude from the
main body of the DTT were neglected in the computer model. They were
taken into account by assuming the DTT body solid whereas it actually
has small voids within. The model was used in the COUPLE II Code
(Reference (d)} to obtain transient temperature histories throughout

the body and shroud. Several computer runs were made using the fluid
temperature histories at the PC-1 and BL-1 location from the LOFT
L1-1 test (Reference (e)). The PC-1 location is the intact loop
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R. L. Crumley
March 7, 1977
KAH 1 77 '

coId leg vessel inlet and BL-1 is the broken 1oop co]d leg vessel
exit. The time scale of these temperature histories was modified
by a factor of .73 to represent a larger break area ( Reference (f)).

Since the heat transfer coefficients are difficult to obtain for the
varied locations and sgrfaces of the DTT turbine meter, a lower
1imit of 400 Btu/hr ft¢ OF was used as a constant valué during. the
LOCE transient for both locations (PGl and BL-1). Figure 3, taken
from Reference (g), shows the measured piping heat transfer coef-
ficient at the intact loop cold leg vessel inlet from the Semiscale
test that corresponds to the LOFT L1-1 test. By using this lower
1imit, a slightly conservat1ve estimate of the temperatures w1th1n
the DTT body will result.

The stress analysis calculations required the difference between the
shroud and the average body temperature. Temperatures at interior:
points within the DTT body and shroud were volume weighted to obtain
an average temperature. Figures 4 and 6a show the fluid, average

~ shroud, and average body temperatures for 1ocat1ons PC-1 and BL-1,

respectively The maximum difference between the average body and
shroud temperature was 2400F for location PC-1 and 759F for location
BC-1. Figures 5 and 6b show the average body and shroud temperature

"difference throughout the transient. Lower temperature differences

may be obtained by using higher film coefficients at times during
the transient, but because of the uncertainty of calcu]ating these

‘coefficients, the conservative lower limit as shown in Figure 3 will
result in a maximum bound for the shroud and body temperature difference.

KAH-prk
cc: R. D. Wesley* R. C. Guenzler*
K. B. Wilsop* g G. B. Shull*
N. E. PaceZZ &7 H. A. Rau*
© W. C. Kettenacker‘wcK L. P. Leach*
- J. S. Martinell J. R. Karvinen*
J. K. Jacoby* T. L. Kinnaman
S. A. Naff
K. A. Hedquist (2)
'J. L. Liebenthal*

(*'without attachment)
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FIGUREC1 - LOFT DRAG DISK TURBINE FLOWMETER (DTT) BODY AND SHROUD
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LTR 141-80
Attachment
March 7, 1977
KAH-1-77
Page 1 of 10
THIS ATTACHMENT CONTAINS:

1. Method of Calculating the Average Body Temperature
for the LOFT DTT

2. Input Echos of Data Used for Runs* 04 and 05, Locations
PC-1 and BL-1

3. Listing of Model Nodes and Elements

* Note Runs 01 thru 03 used higher film coefficients that
were not included as part of the report.
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METHOD OF CALCOLATING THE AVERAGE 5oc>~/
TEMPELATURE OF LoFT DT

v

AREA WEIGHTED TEMDELATURE MERAGE

- 11" -
T L onoe aeea B

4" jo2 )

pa . .
| <e © [ |
J | |  ,'5® R

— .‘

b

NOPE LOCATIONS | (iNcHes)
-] L2
5 .53%¢ o0.0
- 43 ., 4046 A067
- lo2 L2697 .2400
3¢ . /349 .3200

ACEA CALCULATIONS .

® A12(4-22)+ 2% (.32 ./349) =  7434|

1./= .134922) % (32~.24) S
@ /+ 2,24 #(.(2647-'/349) S ./3//2

l] - 2% 2697) % (. 24-,1067
& 0 + 2*./067(*(,'4046-,)2@97)'

® (/./‘—2 x.404¢) ¥ ./0¢7

/0352 i
.03/03
ToTA L . 4400 2

[« . 4 = 44m™  cuece
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SR T T | BT BT s sedeust | sl

AVEZAGE BoDY TEMPERATUZE
Tove = B Tizy +@T,oz +@ Ty f'@775
- SRR

L Tape  WeS The MODE TEMPERATUIRE
S DuunNGg THE WSI&VV‘

- AVERAGE SHRZIUD TEMPELCATIRE WAS

LTR 141-80 .

P - N

FOUN D ey AVERAGING THE TENPERATULES

OF NoDE." (93,200, 2Z3 and 230 .

7.7;”:.0‘,0. = (7/93 f’jz-oo 7 7223 +7zao)/4

 THE FOLLOWING T PAGES CONTAIN ECHOS
- OF THE COUPLE LI /nvpuT PATA Fr Rund

vy

OF ond 05 WHICH CORRESPIND T LCATINS

Ped ond Bi-4 of The LET LL-1 TeST,
THE FLUID Tempe/mweﬁs AT THESE LOCATUS
WERE USED. ALSO A USTING OF THE NOLE
OND ELEMENT INFORMATLON /316105/\/..
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LR 141-80
" AEeAGE Bopy TEMpEGATUZE |
Tove® B% T2y +@ T, +@ Ty *‘@75

- RO

B T 98 The MODE TEMPERATURE

 AVERAGE SHRZIUD TsMpsmwze WAS -
| FOUND BY AVERAGING THE TENPERATULES
OF NoDE " /83,200, 223 and 230 .

‘:.En‘z-ovol = (7743 f,72.0° 7 7223 +7236)/4 _

THE FolLowiNg T pAGES CONTAIN ECHOS
OF THE COUMLE I (NpuT DATA For RUNS
| OFf ond 05 WHICH CORRESDIND T (4CATENS
ped ond Bi-4 of The LoFT 4L TesT, |
- THE FLUID Tempezﬁme.e‘s AT THESE LOCATUNS
WERE USED. ALSO A USTING OF THE WILE

AND ELEMENT INEORMATLON /3'6/05/'\/.'
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LTE0 10109 15007E 00 2.400E-01 1110110 s 100F 002.423F=01 TR G M

s 1 11 111 0.0 2.66TE-01 2 M1 112 1.349E-01 2.667F-01 3 11 113 2. 697F-01 2, 66TE-0O1
" ¢ 11 114 4.046E-01 2.667E-01 5 11 115 5.394E-01 2.667E-01L 6 11 116 6.743E~01 2.667E-01
Tt ttT 83091 €E=01 2566 TE=01 6 11 118 95440F=01"2.66TE=01 91T 119 9, 755E=01"2. 66 TE=0I
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(IOl

1 12
> & 12
= omee G b
B0 T2
: 1 13
%13
: 7 13
100 13
o i e L
% 4 14
r 1 l“
d 13 14
. 16 14
| 22 14
|.] 25 14
, 1 15
. 4 15
" T o T
-] 10 15
Jd 13 15
.| 19 15
<] -22 195
h2s 1%
: 28 15
o 1 16
© -4- 16
‘T 16
| 10 16
4 16 16
19 16
—22 16
25 16
28 16

NODE R
120 1.007 00
122 0.0

125 4.0%6E-01
128 " 8.091F-01
131 1.007E 00
133 0.0

7136 T 4.046E-01

139 8.091E-01
142 1.007E OC
144 ~ 0.0

147 %4.096F-01
150 8.091E-01

10 714 "153 7 '1.J07E 00

156 1.21 7€ 0O
159 1.459€ 00

197147162 1.743E 00

165 2.019E 00
168 2.2%3F 00

g 2877147171 T 2.375F 00

174 0.0
177 4.046E-01

180 T 8.091F-01

183 1.007E 00
186 1.198E 00

7167157189 ~1.450F CO

192 1.741E 00
195 2.024E 00

201 2.390F 00
204 0.9

207 — 4.046E-01

210 8.091E-01
213 1.007e 00

s 21— 1171600

219 1.435E 00
222 1.739E 00
—225 —72.034E 00
228 2.273E 00
231 2.418E 00

~198 T 2.253E 00

L = A

z | | J NODE R z 1 J NODE g
2.667E-01 11 11 121 1.100€ 00 2.692F-01 =~ =
2.933F-01 < 12 122 1. 349E-01 2.933E-01 3 12 124 2.69TE-01 2.933E-01
2.933E-01 5 12 126 5.394-01 2.933E-01L 6 12 127 6. T43E-01 2.933E-01
2.933F-C1 8 12 129 "9.440F-01 2.933F-0F "9 12 130  9.755FE-01 2.933F-01
2.9335-01 11 12 132 1.100E 00 2.962F-01
3.2C0€E-01 213 '13% 1.349€E-01 3.200°-01 3 13 13% 2. 69TE-01 3.200E-01
3.200F-C1 S 13 137 T 5.39%F-01 3.293E-01 "6 13 138  6.743E-01 3.200E-01
3.200F-01 8 13 140 9.4406-01 3.290£-01 9 13 141 9. 7556-01 3.209€-01
3.20CF-01 11 13 143 1.100F 00 3.231E-01
3.467E-01 2 14 145 " 1.349F-01 3.4675-01 ~ 3 14 146 2.697F-01 3.467€E-01
3.46TE-01 S 14 148 5.394E-01 3.467E-01 6 14 149 6. T43E-01 3.46TE-01
3.467E-01 8 14 151 9.440F-01 3.467F-01 9 1% “152 9,755F-01 3.467F-01
3.500F-01 11 14 154 1.100F 00 3.500E-01"12 14 155 1.153€ 00 4.299€-01
5.017E-01 14 14 157 1.291F 00 5.640F-01 15 14 158 1.372E 00 6.157F-01
6.556E-C1 17 14 160 1. 551F 00 6.831E-01 18 14 161 1.646E 00 6.976E-01
6.989FE-01 20 14 163 1.838FE 00 6.870F-01 21 14 164 1.931F 00 6.620E-01
6.244E-01 23 14 166 2.102E N0 5.750F-01 24 14 167 2.17T7€ 00 S.147¢-01
4.44TE-01 26 14 169 2.298F 00 3.662E-01 27 14 170 2.343€ 00 2.808E-01
1.902E-01 29 14 172 T2.394F 00 9.596F-02"30 " 14 173 " 2.400e 00 0.0
3. 733E-C1 2 1% 175 1.349F-01 3.733E-01 3 15 176 2.697E-01 3.733E-01
3.733E-01 S. 15 178 5.3945-01 3.733E-01 T N ) 6.743E-01 3.733E-01
3.733E-01 — 8 15 181 ~ 9.440E-0I 3.733E-01" 9 15 182 9.755E-01 3.733E-01
3.733E-01 11 15 184 1. 068E 00 3.750E-01L 12 15 185 1.130E 00 4.528E-01
5.240F-01 14 15 187 1.275F 00 5.859E-01 15 15 188 1. 359E 00 6.371E-01
6.T63E-01 17 15 190 " 1.544F 00 T7.030F-01 18 15 191 " 1.642E 00 7.166E-01
T.168E-01 20 15 193 1.838F 00 7.037E-01 21 15 194 1.933F 00 6.7T74F-01
6.385E-01 23 15 196 2.108F 00 S.877€E-01 24 15 197 2.185E 00 5.260E-01

4.544E-C1 267715 199 2.310E

007 3.742E-01 27 157 200 2.356F 00 2.8T71E-01

1.945E-01 29 15 202 2.412€ 00 9.819E-02 30 15 203 2.425E 00 0.0

4.000E-01 2 16 295 1.349E-01 4.000F-01 3 16 206 2.697E-01 4.0005-01
4.000E-01 ~ 5 "16 208 = 5.394E-01 4.000E-01 "6 16 209 ~ 6.743E-01 4.000E-01
4.000E-01 8 16 211 9.440E-01 4.000F-01 9 16 212 9. T55E-01 4.000e-01
4.000E-01 11 16 214 1.037€ 00 4.000F-01 12 16 215 1.099E 00 4.823E-01
5.556E-01 14 16 217 1.252E 0076.186E-0I 15 15 218 1.340E° 00 6,T7T03E-OI
7.097€-01 17 16 220 1.535E 00 7.360F-01 18 16 221 1.637E 00 7.489%-01
7.480E-C1 20 16 223 1.841E 00 7.335F-01 21 16 224 1.940F 00 7.055E-01
6.646E-01"23 716 226 2.122E°00 6.114E-0124 16 227  2.202E 0075.4T1E-0OI
4.T26E-01 26 16 229 24333E 00 3.893E-01 27 16 230 2.382E 00 2,987E-01
2.025E-01 29 16 232 - 2.4%41E 00 1.023E-01 30 16 233 2.450E 00 0.0
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ELEMENT DATA

ELEMENT NO(EL),CORNOR NODAL MOS(1,JeKsL) MATFRIAL,NOIMAT) ,AND CONOUCTIVITY ANGLES(BFTA} _

ol

OIS SR T D SRt

T W v 9V 9V VvV Vv v v v w WV

EY

x

s ¢t & ® 3 &8 o

i EL 1 3 K L MAT BFTA FL I J K L MAT BETA L E J K- L MAT BETA EL T J K L MAT BETA
- -tz rasn Az ). 27 g 3 iye AR T G 3. A A DL AAE L 0 A N SRR 15 % 0
S e T ¥e 7 | e e e AT T L ey LAl R 1T 0, 48T 89 019 A 0.
R | T e e I 10 J0 1l #33 38y 0} i 7 135 94 23 1. n. 12 13 14 25 264 1 O.
13 14 15 26 25 1 0. 14 15 6. 20 26 =1 TO 1% & 1T 28 271 0. 16 17 18 29 28 1 0.
1718719730 29 "1 0. 18 19 20 31 301 —0."19 20217327317 1770.77 7207217 22733732 T I,
21 23 26 3% 3% .1 O 22 24 25 316 35 1 0. 23 25 26 37 3 1 O. 24 26 21 38 31 1 0.
25 27 28 39 38 -1 O. 26 28 29 40 39 1 0. 27 29 30 41 40 1 O. 28 30 31 42 &1 1 0.
29 ~31 73245 82 Lo Oa 30 32 "33 46 43 1 0. 31734 357467745 1T 0. 32735 36 4T 46 [ 0.
33 36 Xt 48 &T =i o 34 37 88 49 48 1 O. 35 38 39 S0 49 1 O. 36 39 40 S1 SO 1 O.
| 37 a0 AL sz 51 @ 6. 38 41 42 53 52 -1 O. 39 42 43 5S4 53 1 o. 40 43 44 S5 54 1 O,
i 61‘”45 —%6— 5T 86 T 1 0. - A2 K6 &I -SBTST T F "6 . AY &1 40 859 “1 T 0. T 447 48496059 I 0.
45 49 50 61 60 1 O. %6 SO - Sl 62, KL~ 1 10 47 51 52 63 62 150, 48 52 53 64 63 1 O.
49 53 S4 65 64 1 0. 50 54 55 166 ewmE 1 V0, 5% .56, BT, 68 &T -1 O S2 ST S8 69 68 1 J.
‘1 -63-58-59-70 691 0. 54 59 60 TL "T0O "1 0. "T55760 61 "T2 771 71 T0.T 7S6T 617627 173772 1" 0.
ST. 62 63 1673 1° 0O 58 63 66 15 74 1 O. 59 64 65 T6-T54.1 0. 60 65 66 TT 16 L 9.
61 67 68 79 78 1 O. 62 68 69 80 79 1 O. 63 69 T4 B1 ao "B o & 70 T B2 AL 1.5 -D.
—e5—71-—72-83 82 "1""0.- " €6 T2 T3 B84 83 "1 0. 6T T3 TI& 85 “1 = 0. 68 T4 75 8685 T O
69 75 16 87 86 1 O. 70 76 77 88 87 1 O. 71 78 79 90 eq 1 0. 72 79 80 91 9 1 .
73 80 8192 oF “1 0. 74 81 82 93 92 1 O. 75 82 83 94 93 1 o. 76 83 8 95 94 1 O.
7785 —85 98 95 10" 78 85 86 97 961 0. 79— R6— 8798 9T "1 0. 80 8788 99 98 I 0.
81 89 90 101 100 1 0. 82 90 91 102 101 1 0. 83 91 92 103 102 1 o. 86 92 93 104103 1 0.
85 93 94 105 104 1 O. 8 94 95 106 105 1 0. 47 95 96 107 106 1 O. 88 96 97 108 10T 1 O.
899798109 108 —1— 0.~ — 90" 98 "99°110 109 — 1~ 0.""""917100°101 11271117717 0.7 "92 101 1027113 112 T~ 0.
93 102 103 114 113 1 0. 94 103 104 115 114 1 0. 95 104 105 116 115 1 O. 96 105 106 117 116 1 O,
97 106 107 118 117 1 O. 98 107 108 119 118 1 0. 99 108 109 120 119 1 0. 100 109 110 121 120 1 o.
101 111-112 123 122 ~~1 — 0.~ —102 112 1137124 1231 01037113 114 125 124 717 70. 77104 114 115 12671257 1"
"l 105 115 116 127 126 1 0. 1C6 116 117 128 127 1 0. 107 117 118 129 128 1 0. 108 118 119 130 129 1 o.
©109 119 120 131 130 1 0. 110 120 121 132 131 1 0. 111 122 123 134 133 1 0. 112 123 124 135134 1 .0.
©113 124 125136 135 —1—0. —114 125 126 137 136 — 1 0. 115 1267127 1387137 1 7 0. " 116 127 12871397138 1~ 0.
117 128 129 140 139 1 0. 118 129 130 141 140 1 0. 119 130 131 142 141 1 0. 120 131 132 143 142 1 0.
121 133 134 145 144 1 0. 122 134 135 146 145 1 0. 123 135 136 147 146 1 0. 124 136 137 148 147 1 I.
‘125137 138 149 148—1—-0.—126 136 139°150°149 1 0.~ 1277139714071517 1501 0. 128 140°141'152"151 T 0.
129 141 142 153 152 1 0. 130 142 143 154 153 1 0. 131 144 145 175 174 1 0. 132 145 146 176 175 1 0.
133 146 147 177 176 1 0. 134 147 148 178 177 1 0. 135 148 149 179 178 1 0. 136 149 150 180179 1 .
137 150 151 181-180 — 1— 0.——128 151 152 182 181— 2 0. 1397152°1537183 1822~ 0.7 140 153 154 184°1837 T 0.
141 154 155 185 186 1 0. 142 155 156 186 185 1 0. 143 156 157 187 186 1 0. 146 157 158 188 187 1 0.
145 158 159 189 188 1 0. 146 159 160 190 189 1 0. 147 160 161 191 190 1 0. 148 161 162 192 191 1 0.
L 169-162-163 193°192—1—0—150-163 164 194193 T 0. 1511641657195 194105152 165 16671967195 [ 0o
153 166 167 197 196 1 0. 154 167 168 198 197 1 0. 155 168 169 199 198 1 0. 156 169 170 200 199 1 J.
157 170 171 201 200 1 ©O. 158 171 172 202 201 1 O. 159 172 173 203 202 1 O. 160 174 175 205 204 1 O.
161 L75 L76 206 205 - 1'— 0: -162 176 177 207 206—1——0.~—163°177 178 208 207 17 0. 164178 179 2097208 1 0%
165 179 180 210 209 1 O0. 166 180 181 211 210 1 0. 167 181 182 212 211 2 0. 168 182 183 213 212 2 0.
“| 169 183 184 214 213 1 0. 170 184 185 215 214 1 O. 171 185 186 216 215 1 0. 172 186 187 217 216 1 0.
“t173 187 188218 217 —1—0.—~174 188189 219-218—— 1051757189190 22072191~ 0,176 1901917221220 T 0%
177 191 192 222 221 1 O0. 178 192 193 223 222 1 0. 179 193 194 224 223 1 0. 180 194 195 225 224 1 0. =
181 195 196 226 225 1 0. 182 196 197 227 226 1 0. 183 197 198 228 227 1 0. 184 198 199 229 228 1 0. o
~[185-199°200-2307229 ~~ 1”03 "186200720172317230 I 0% 18772017202 2327231 1 0. 1886202203 233 232 1T 0.
TITAL NUMBER OF NODES = 233 r
TOTAL NUMBER OF ELEMENT = 188 =0
£ .
000:3‘
=
[N

## MODEL ELEMENTS = LOFT BIT #x -
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Nerojet Nuclear Company

Interoffice Correspondence

June 9, 1976

L. J. Ybarrondo
CSC-TSB

LOFT DRAG DISC TURBINE METER SHROUD WELDS - Gott-4-76

As a result of the failure of the LOFT PC-3 drag disc turbine (DDT) flow-
meter shroud, calculations have been made to determine the weld area required
on the shrouds of the other DDT flowmeters to prevent another similar
occurance. The maximum fluid forces on the flowmeters in the blowdown pipe,
operating loop, and core simulator locations have been estimated, at their
respective locations, for both best estimate (nominal) and worst case con-
ditions during steady state, blowdown, or ECC injection conditions. The
stresses in the shroud welds have been calculated on each flowmeter for

the following conditions: 1; present condition taking credit only for the
estimated good weld area, 2) best fix assuming all good edge remaining on
the flowmeter body can be welded, and 3) proposed new weld design. The
fo1lgw:ng'tab1e summarizes the safety factors for each flowmeter and each
condition.

It can be seen that the PC-2 flowmeter is the only one with adequate welds
and can be reinstalled into the loop with no rework. Also, PC-1 and BL-2

cannot be repaired without removing the shroud and rewelding. Flowmeter

BL-1 can be fixed by additional welding (.035 inch throat thickness new
weld, total length 1.73 inch outboard side and 1.46 inch inboard side)
without removing the shroud.

The proposed new weld design should be satisfactory for the core simulator
and BL-2 flowmeters. The safety factors listed for the PC-1 flowmeter are
based on loads estimated at the PC-3 location. However, the loads on the
PC-1 flowmeter should be between those estimated at the PC-3 and PC-2 loca-
tions. Therefore, the proposed new weld design should be satisfactory for
the PC-1 flowmeter, particularly in view of the fact that the proposed weld
design provides more weld area than presently exists on the PC-1 shroud, and
that the PC-1 flowmeter has remained intact during the L1-1 and L1-2 blow-
downs.

For the DDT flowmeter at location PC-3, the highest forces on the shroud
should occur during normal operation at the highest pump speed. The flow
at PC-3 will be highly turbulent and swirling effects caused by the 90° bend
at the steam generator outlet will probably not be damped out at the PC-3
location. The actual flow pattern at the PC-3 location is unknown. Also,
vibration forces caused by turbulence cannot be defined.
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Before the failure of the PC-3 meter, two meters had been installed in the
PC-3 Tocation. During steady state operation, both of these meters measured
a velocity about half that measured at PC-1.and PC-2. This indicates that

a large amount of crossflow was occuring at the PC-3 meter preventing a good
velocity measurement by this instrument. Also, crossflow on the PC-3 shroud
will result 1n a much higher fluid force than flow parallel to the shroud
would give. Due to the uncertainty in determining the maximum fluid and
vibration forces on the PC-3 flowmeter, there is still a significant risk
that the PC-3 flowmeter may not stay intact for extended operation. Also,
since there are good indications that the PC-3 flowmeter is in a poor loca-
tion to obtain a good flow measurement, it is strongly recommended that the
PC-3 flowmeter not be installed in the LOFT primary coolant system for
either steady state or blowdown operation.

Recommendations

CS: Attach shroud with new procedure ca1ling for 3.5 inch we1d of 035 inch
minimum thickness.

PG-1: Attach shroud with new procedure or install PC-3 instrument here with
"added weld (minimum 1.29 inch outboard and 1.46 inch 1nboard)

PC-2: OK as fis. '
PC-3: Omit instrument at this location or use full length welds on shroud.

BL-1: Add weld to present shroud (minimum length of new weld 1.73 inch
outboard and 1.46 inch inboard). I

BL-2: Attach shroud with new procedure calling for 3.5 1nch weld of .035 inch
minimum thickness.

The assumptions and calculations for this analysis are shown in the attach-
ment. Best estimate and worst case values used for various factors in the
analysis are given in the attachment.

)Q‘C’ )2&‘%&211

R. C. Gottula
Thermal Analysis Branch

KA Rakd

R. G. Rahl
Applied Mechanics Branch . ‘
Jh
cc: LFBurdge  RCGuenzler JLLiebenthal"i' RPWadkins
HMBurton - DWHood CAMoorecgéiﬁn! RCGottula
RLGump JRKarvinen MLStanley . RGRah1
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SUMMARY OF SAFETY FACTORS FOR SHROUD WELDS

r‘

t ebeyg

. "LOADS (1bs) | AREA REQ'D PRESENT | BEST FIX** | NEW DESIGN
* LOCATION ‘
' . INominal] Worst | Nominal] Worst § S.F.y |S.F.y §S-F.n (Lyw)*| S-F.w (Lyw)* | S-F.n|S-F.y
cs-1 211 | a1.6] .0070 | 0221} - - . - 17.5| 4.7
pc-1++ | 152.8 | 254.7] .0508 | 1355} o o |  .6( gé) .2( 23) 2.4] .8
PC-2 12.8 | 25.01 .0083 | .0133] 10.1 | 3.4 - - 28.5| 7.9
PC-3 152.8 | 254.7 | .0508 | .1355} .14 | .05 2.2(}'2;) .7(}'32) 2.4] .8
BL-1 69.8 | 137.a| 0232 | .ot .2 | o] 5.4(}'22) | 1.5(}'}2)"' 5.3] 1.4
N ) . ’ . :

BL-2 69.8 | 137.4 | 0232 | .o | 1.6 | Loa ] 1.7() 5(°9) 5.3| 1.4
Consider | 12.8 | 25.01 .0043 | .0133] 1.6 | 0.5 24.9(}'22) 7.2(}'22} - | -
PC-3 Instr * -

in PC-2 |

Location

***These loads are thought to be between PC-2 and PC-3 load values.
**Best Fix assumes good edges welded as indicated by Lnw

*Length. of additional new weld (?:Eggﬁgdagg?'wzfld) (inches)

4

e

9L61 *6 ounp
9L=9~-3309

LOPUOMURAA.
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¥k k 7Aese loads are ﬂpou(}/nf To be telween

’I. SUMMARY oF OSAFETY FACTORS FOR SHROUD.;&)ELDK
L.OCﬂTIDN LOADS (Ibs) AREﬁ_ﬁt}f@b PRESENT BEST Fix *" |WewDes)
Nomwa L | ubgst | Nom | worsT | S.Fy| SRw| 9Fw (Lw)* S.E.\,(L,,.,Yr SEn
CS-1 2i.l | 416 |.0070].022) | — | - — 115
pe-1 *¥#¥ 1 50 8 | 2547 |.0508|.1355| 0 | 0 .be(,z‘;)“.z (,;’3) 2.4
PC-2 12.8 | 25.0 |.0043 |.0133 (/0,1 |3.4 — | — )85
 PC-3 )52.8 | 250.7 |.0508 |.1355| .14 |.05 22 g (12) 2.4
; BL-1 ¢9.8 l/37,4 0232 | .OT31| 4 | .1 -5.4'(,"2) /,5‘_(,?}‘ 5,3
BL-2 69.8 | 1314 |0z32|.0131] .1 |, 04 /,7"'/('5"'} 5 (5)|s3
Cff’idegc-icgfo:i}{: 2.8 | 25,0 |.ooas|oss | e | o5 leaa(t2) 192 (13

pt-2 % PC-3 load valeues

¥¥ pesy Fix Assvmes Good _EJ%es Welded As Iv\do‘cfdecl By Lnw

K Length & Additional Hew weld board add. weld

(in)

o8-yl ¥i1

cevasas

AQONHD |

SPOvIVE.

g’éﬂ?’;}é/J 47-(% V=555 1oarans

“=--oN aof

: “""'dO"f"é""ON 4LATHS

Pt 78 {-)

sRiva ‘2;‘:9;2['.“ .

/=2
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IL. [BASIC AssompTioNs #AND DEFINITIONS UsED
IN THIS INVESTIGATION

SAFETY FRCTOD R (S.F.)I Pefined /o This case a,s'
| .allbwabl.e. stress fzaleviated sfress |
ALLOWABLE STRESS & AISC allowable shear
| sfress of _&,47 vied where //-:= mat'/
'.)?z‘e/J st ress (30455) afl 550’F=/03990,05l
e allowable  stress =.4é€8’0¢)_= 7_5'20/:;/
NominaL Crse ! "‘Noemi'na] vyalves are vsed For
pa.v-aume'f'e v l;’”s."'e:l' below )
, WorsT CAsE Consevvative error l-‘m\;\;: Care

- added To nowminal values

Farameter Nowmina,) - WoersT
Prag C'oe-#:‘cicg'f (CD) /.5 2.5
New Weld M;:n Thickness 035 ., 030
Old Weld Min Thickness . 020 = ,020
Stress Concentration Factor 2.5 4.6
Water Density v 0,6 T
Flow rate miaed  +8 %

NE’wwD‘ESIéN-‘ Calls For 3.5" total weld Icn%'l'k |
- PRESENT WELDS / Eval vation based on measvved
| wc/é Ien%*ks exclud.'ng "buv—ngu'}‘: " and ‘cold /"f"

and as’s:.:miv\% each side mpsT fake /o [ead
8 106
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PRrodiém! DETER MinE THE MAximusm Fidip
: CFORLE ON EALH Flow METER SHAowp 79
ch; Iy THE /?Fd?u//PE o WELD AHrEA.

CORE SiMmYLHTOH

STEADY JSTATE \VELoL) 7185 ARE HIGHER THA~ THOSE
DURIVG  BLOW DO WA,

mAx. v&e pridR To U=l = 39 Fr/cee AT A
LOOP Frow #RATE 0F 2.13x10% /e .

S FOR PumpS arERATING AT 116 SPEEn  wrTa
Loop FLow = ?.?x/d‘ /e,

mxX. VEL, = 2/3 (3:,«) ¢2.25 Fr/sse

=47 e
= [‘f?)(gz,zs),‘ = 192,/28 Lém/tt-sec*

(ev’-)

9%

ASSumE  Fiow PAAALLEL TO SpHioup

NomisAl £, =/.5 SHRouD FrRowTAL AREH = , TITH¥ W%
WoRST cAH3E L, = 2.5 (se6 ro )

- FLow nETER ' R

_ G i (/5)(47)(9224—('——5 . 7’7"')_2 3 F

"im. . 24, T 0 s )

4

Assume BT ERROR ON VELL MEGSLREMEWT AND 1§ “Y%ir3 ,u

FWMW = {z 5 )(47.6) (67.23) % (. 7170)

oase (v9) { o4 &)

= 4/.6/ ¢b6F

107
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Blow b’w;;/‘ Vg2 (81-)' Ao BL -z)

.)//0//;;7' eV 1S Durivb ELOWDOW,

WiTH PARL O15C.
DEMJ'/W/‘?éTé\' A TURB/INE MEASUREMENTS GNP b4
eve: = @7)(39) = 302, F00 ‘n/r_spp >

ASSHME 8 MEASHAEMEwT Btroe oA/ VEL, |

Aup b W[FT3 O OENSITY !
(eve).,
WOALY

= (47.0)(?6.9)1= 355,372 “mfrorsee
738 N ' '

ASSumE Fiow PARBILEL TO SHAows .
vomiwAL &y = |5

- : SHROUD FROWTAL AREA = , 779 In2
WIRST chse &, = 2.5 ‘ :

2
g o G (0) () - 349 ur
wom, . () o¥.v) »

. = 9.3/ Lé
wit oywdmie LoAs FeToR =2, Fupm = 677/ F

. 2 :
(2.5) (#7.6) ( 86.4) (1)
WIRST = = ".72 Yy
casé (4y) L o#. %) '
WITH Dyw@mit Lto4D> LYo 7o# = X 5 ‘ﬁ‘mr = /3%y
' C Casg

Wy

| 4
MENSURED SPIKE ok L).-2 (oep <E6 = 162, 022 Yler- seo

F ot

LéF

e
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o0 RE, CoTTHIA . | b=l ~74

S 7| Fuew mETER e
- - - LTR 141-80]
B oPERATING LooP  i:
| (df) Dupwe Li~( &l /wSEcTion , VELo /Ty SOMES

OF (15 Fr/ree wErg 3E€w wirp C= .7 Lm/Frs,
= ©Ey>. (W) ns)S= 9350 tén SFr-see®
TMHIs 1S A | VERy Low MomEwTUM Frux

THE HIGHEST Mmem, ;z.wk oeLups DURING PG 5)&'&‘9‘
PumpP TESTS, ' ' :

C’:_) THE WIGHEST FoRCES o~ Pe-l, PC-2, Hwvp PL-3
FLOW METERS 0reuR . DupinG STésoy STATE
OPERATION. THRE NIGHEST VELDLITY MEASWAPED :
DURING WI6H SPEED PumP TESTS wAs 48, 5 Fr/sse

AT Pe=L1 . AStumino Ax 8 T ERROR , THE
MAX1mum  CENTERLINE VELDLITY THAT (AL 20l
N THE PRIMARY PIPE IS 'S2.4 Fr/sec.

To DETEARMINE THE FLluwid Femwel 0 THE J‘ﬁ,faq‘b)
THE DIRECTION OF FLurp Feow 24 THE Smesun
MUST BE Awowd., THE FAow AT PC-3 WwiLl

BE RIGHLY TWABWLENT AND SWIRLING EFFECTS
" LAUIED By THRE Gp° BEND AT THE  STEAM GENERATER
JOUTLET " WHL PRoBABLY NPT BE DAMPED euT
AT THE PC-3 LOCATION, THE AcTuAL Flow PATTERA
AT THE _PC-3 LOCATION 1S UNKNoWHN, ALSO, VI 8RATION
FORLES CAuSED BY TuRBULENCE CANNOT BE DEFINED.

BEFoE THE FAILWARE pF THE PC-3 Mers,f/ WO |
METERS /AD BEEN INSTALLED /N THE pPC-3
LOLAT 10 DURING STEAPY STATE oPesATION,
BoTH ©PF THESE METERS MmERSURED A VEL2L/TY
ABOUT HALF THAT MEHSURED AT PC-l Axvd PC-2,
TS INDILATES THOT L LASGE AMouN¥T OF
CRISSFLOW WAHS 0CCuRING A7 7M€ Pt -3 METER
FPREVENTING A BGoop VELPLITY MEASUREMENT 2y
TS INSTARUAMEYT, ALS0, (LRDSSFLOW N THE
PC-3 SHAoud wiLL XRESwLr w&v A MutlH FIGHES
FLWID FareE THAN FLow PARALLEL 7o THE ‘
SHROUD  WpouLD GIVE.  SINCE VIBRATION FIRCES ,
INCLUDING  THOSE CAUSED By THE PRIMARY Pwmps
LANNPT BE DEFINED y THE FLuId Footé ow 7THE
PL=3 SHROWHD  wil" BE& (ALLHLATED ASSHMIinG

/00 LROSSFLtew AT s :
'/’ ' L e ‘)‘]Ofr/.ffc.




A L S —’m - - - T T
Rie. 6oTVA | owmeTER b=f-7¢ L&
- 05,/‘#45.'. -’NomuAL Cp.-=15 woAST tase Cp = 2,5 TRIN-E0 T
SUlin . CROSS Flow ARONTAL AREAS = (' §)(9.98) = 7,32 wt
(I.:)(w C40.58)%(732) _
Mimivpy (;fu, pY4 44/,)4;5( = = 152, 8 “F

F _ (2'5)(//7) (52 u)‘( 7.32)

Wonsy -

wee o (W) (o)) = '256‘..7 LF

THIS Fuocé S/uyAz Bé WSED T2 pé?’é&mme‘ 7vEe
REQUIRED WELD AEAH ON THE SHAROUDS FﬁQ THE
: Fuw METE/U‘ AT THE Pc- 3 cow'rwu.,

DUE Tp THE UNCERTAWTY IN DETERMING THE

MAX)Mum FLHID AND VIBRATION FIRCES on THE
PC-3 Flow METER | THERE 1S STILL A °

SIBNIFICANT R)SK r/MT THE PC-3 FLow METE
MAY NoT SIrAY INTAET FiR EXTEWDED OPERAT/IOW.
ALSO, SnCE THERE ARE GooDL /nD)eATIINS

THAT THE PC-3 FLow METER 15 ¥ A Post
LotAhTion . To 08TAW A~ Br2d FLow MEASMA'EMEMT

)T IS s:rmwezy A’ECDMA{ENDEP THAT THE PC-3

e = o ez
--w—-

FLOW METER NOT BE INSTHLLED IN THE LOFT
PA’:MAA)' CooLhnT SYSTEM FOR EITHER STEALy
SHTE ot Giowdowa) OPERSTIOAN .

THE MmAXIMum FaeE ow Pl-1 SWouo B&E ASSuméd
To BE THE SAME AL THAT oa PL-2 SIVCLE Pe-1
1S TuST " DOWNITREAM oF A H#E5° PIPE BEND WHERE
A  NI6H DEGREE 0OF T BULENCE (S ProsseLE.
HOWEVER, TRHE MAXIM uM Fomkel ow THE PL-| SHrowd
1S MoST LIKELY LESS TWwA¥ THAT o0& Pt-3 , BuT
Hi&ﬁ!& THAN THAT o« PC- 2,

HO




[T T

N “/?tZ\AC;l’7'77vt/$ Fiow ‘475’72;€ ‘

LTR 141-80

THE MBI 1Ml FOREE O THWE PL-2 Sypoud
LN BE LALOHALATED Ar;umm/a THE FLow /S
PARALLEL T THE SHRIWDp -

ASSume  womivge Cp = LS
WORST 9SE £y = 2.8

£ _ 09 (98.5)% (L 11re)
Tl O (ee) -

R, ¥ L6F

L 2
A (2:¢)(47)(52. 9" (. 7174%) _ 25 wr
e4 5¢ Ca4) ( 64 %) |

111




.-\l

A, A = 5’(:3/6)(1270)"’ ' ((“L) ,4.@«\(2[262)))

112

""( (75;) M’\(Z[%o))) ,&/4”7{

T R
- . ; LTR 141-80 =
.. o . FRONTAL /7/?/_-74 (’/ﬂc ULBTIONS |
* X, = 'C,g-"' '%:'24,583" :v‘,454M_Q
$ 20004

7/4 /7 2




-

o B ———

E—-1
e

: " . L
[N SN NN R R

. - T » . | LTR 141-80
ﬁ&ﬁ]lﬁ/ Areo /i_- = ZH rdhR, +2 '93 +52 s T

NG
ﬁ .

= zfi031)+ 4 (.0m)r 260/4)7*- 52(00/?) + 2278

A= 0624 0% +.,028 +.099 +, 2278 = , 4726 /»
N ~" e .
- 244°F . ﬂt/? /%réa: 52('5_).90/7 -~

Erit frea A= A=A = 472002092 204800 -

Jotal Shroed F/o@) E)‘/ére—b/ #req

= ArH= 774 in

o ————

= ,0049¢ FFE

s A * " Ry
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FORM ANC=1892 (7=71)

’ CALCULATION WORK SHEET

AEROJET NUCLEAR COMPANY _ ... .-
LTR 141 80

‘PAGE 12 PAGES

waer LOF T 2 Meter f/vrouc/x e 4-&- ’LZ_L
@’ég_h/

PREPARED BY /(—é—

X.

#FWorst! sefety Rctor, SEL= <25

CHECKED WORK REQUEST

/?,geo,d /5 based on fhe Fo//ow/nz/

g, o Ger) B

7 7520

CF = stress concenFratiin Fich— .
F' = Load (/4s5) ‘
o = f?//o wa ble 5'/t€4v- j?“re(j (fﬁz)

u.»/»ere

’75

_ .035x 3.5

Nominal Sefely Factor, 5 ,= Freyd

w)zere. , P35 x 3.5 = nominal area 41/&?1'/41))6

O3 A 3.5
7}

whevre ,OBX}J,;: es'/‘/mo:f‘eé "Qorf‘f'"are« available

114
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FORM ANC=1882 (7=71) AEROJET NUCLEAR COMPANY . )
o LTR 141-80

CAL_.CUL,ATION WORK SHEET
. PAGE ’3 OF -
z_ PAGES
SURJECT LO F:'T PV 5&"’01) dS‘ : DATE 6"4"7;4_
_PREPARED Y /? & /eq hl CHECKED , WORK REQUEST

VL, Present  feceptability, EvalvaT,;on
. 7 _

s ! Shrouvd net installed
_ Will be done ‘b)t neww ?raceduf‘c

CFC-1 L Geod weld outhoard =14107 — -

Ed?& r-erna/n,‘ng_ =07

Good weld ‘aboavrd = 2,3 ma be no
Cd‘.ood. dve To cold laF'

E:.L%e rewan :‘A;(— = ,23"*

F'}':'OHS fQEa,c'll " s/de m05+ be aL)e
o carr I/e_ o')? 7"01‘4.’ ' /aq_d " '
2) Nom na.) Stresrs [oncev\f'ré. ’".‘on, Factor = Z.;
3) wWorsT ISTrers (ConcentraTbion Factoy = 4.0
4) Hllowable shear stress =0, 4 V}' = 7520)»1

fj Fresen? Throat minimoum = ,020"(,,‘0,,1)

Ms< v m

Al
L o¢adyen

/?E’?H Zen?ﬁ\ st Gosd We ld f;'.&/) f:'c/el

_ FK <

A,g7g - 25’ (,&Z) ./,u/)ere F = -{:DV'CE? on we}d
. K= ylress conc, 'Fa.c'f‘.o"' -
Fy”-: .40;,27.’5_;0?{/ o

L2 —~ fresenf ﬁv-oaf min ‘

2:463«;‘},’0,7 for bn// on@ .So'cie,_
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FORM ANC=1382 (7=71) _ . - AEROJET NUCLEAR COMPANY

CAL.CULATION WORK SHEET . LTR 141-80

ra A J PAGE 14 OF PAGES
susJECT L 0’ ; /a) V )/ rovay . DATE L= "74
PREPARED BY /P & /Eéa h / CHECKED WORK REQUEST

Fc-) ZCN\'f") |
worsT lead

f'; = nominal ’3’4-4 | "_w'-'
= /52‘8 . | : - - 25_417
nom.'na) oors +
-“}"l (2)7520 602) N (2)7520 (- 22) - 3'??
‘/\/ofe Thatl The abeve /c?:?ﬁxs corr’é’f/)zp nd
fo ‘ So:r'e"' Factor o /. O
$ha ™ - Fh corr*ejfandﬁ 75 a//owa.b/@"
57'r'855 ) M>'/' 1o alvre stress orF
,)// ‘el 57"#855 Ao wsa. M shear 57‘?—@5;

) "'% o‘F /,c/a[ 5Tf=5f 7’7 5/\64,)",

Be:ff' ;E—,",( B PC—/ K)/o 5/]f?ua’
Cremoval would resuvlt /n L5537 oF
weld on  one side . ‘

Una (ceff'a ble

Pc-) Shrovd »mus'?‘" be removed
. and reweorked .,

Preseat SF. = O

" SFL= O
| _  ,53 . 53 e
WAP2X123 wew SF= 357, 4 SF = ;;—*= 2
f.BCo/a/laf Fx B
&/035./\:2?!1814) 0 ‘
: 7 _ _ Y S , 19
“7’13(’/4 kX SF:\_/'ZD - 6 5}—‘})-;? -~ Z

D30T worsF 116



v Vo,

AEROJET NUCLEAR COMPANY ‘

' PORM ANC=1802 (T=71) : |
CALCULATION WORK SHEET : 5 LTR 141-80
susJEcT /‘0’:7- 10 VZ. fAfOt)clj OATE (,4—,7& v
PREPARED BY Vid é‘ /?4_ h/ cHEckED WORK REQUEST ‘ -

FC-2. | .
Fp=/2.¢ =, =250

4 = ? )//054) 33"

PC-2 154" Good weld v board f,g’e o
/837 ‘’ ~ Lnboard "
Nemina | Sim = f/:—i,/—" = /0.1

as—
——

Worst 5 F, = Lil— = 3,4

SUFF:_‘C |'ew+ | we)d )en%‘”\

N7
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FORM ANC=-1392 (7=71) AEROJET NUCLEAR COMPANY

CALCULATION WORK SHEET ' LTR 141-80

’ PAGE /6 OoF PAGES
werer LOET 2 V% Sheovds onre b= 4= 24
PREPARED BY K / > }? = h l CHECKED WORK REQUEST .
PC-3 . Loa ds Sawme Ag PC-|

L ~-/\/o~\ < L,@er"{ = '-?—‘7”

Worst kaf'J = ?' 3? ”
. Geeod WE\CJ 44 | u 8 L
Ovthoard . Good Edge ;. 42" Present] "

Good Meld . /8

Iﬂbwvd ) 6:000( ﬁfc /.44 Y

fpr”Efeh+ /té/d TnsofFierenT

i ;0&J 60(/7{6 «/f—'/cfed with, 02t Lri /,44
Wom, SE =423 st sF= o 5

I/ zoed ed‘;.e.' we)z:{ec/.--' w/ 0350 (rom) .A:oaolz- work

é}ﬁuz'A A7&f4/ S8 * ;-—'/44 =2.14"
. or .8 (o;/oa)/«'Z 37"

4. - 274 | :
;oM SRE T2l wenT SRS ?_3_92~'7

"'Eﬁ" 02t L -\;
204 - 44 2,30 237- M =1,93

:',_o'_‘?(/o73)‘ 129
o2 o ' 1‘]8
S=(2.3) =13



' FORM ANC=1392 (7=71)

AEROJET NUCLEAR COMPANY .
LTR 141-80

CALCULATION WORK SHEET‘
. PAGE '7 OF PAGES
susJECT L0F/ 0 V z 5A o ‘)df oare £ =4 ~74 V
PREPAREKD BY K 6’ ﬂa‘ h/ CHECKED WORK REQUEST
ElL-]:
498 (2.5) _
nem, bty = , 55"
Apd z/mo) 0z =5
LUorjf' = 1324 (4 0) = ,?3”
L'eefd 2(7520) 02 /
' , ' cne ludes
Ovthoard | |2 Gosd Wed — .20 undechll
R /8 Gvod Eclg,a
Fresent SR =, 4 | S.Ew =,
w), 00 k 1t additonal weld
2.0 , ,
S.E, 2 T 34 5.E0= s =
03518 addiFional weld (030t worsT)
NN Y - 335. ?9 '
/,gx/.H’ 3 SE; ‘5_5, "‘5 8 5 F‘d /:83 — //6

3.36

Lan /oroﬁab}/ be Frxed b/ 4'(:/a’;'(\? weld,

119



FO:RM ANC=1592 (7=71) AEROJET NUCLEAR COMPANY _

CALCULATION WORK SHEET o '3 LTR 141-80 )
womer LOE T pV = ﬁrwis | onre b4 =74
PREPARKD BY /f G'[/eq h l CHECKED WORK REQUEST

_ ABL"/ . éo.n"f)

/_n/war'cl s , 60 Bood Weld
o /I 44 GDOJ EJ%C

Fesent: S E = 0O 5. KL= .3

n

U/O?_ X /, 44 44///79/14/ w@/d
sE = 2 2 :
T
o 3 4 wof . 2,79 _
Uaod254\'/;ﬁz,( jF:t 53; 54 (’(D’b‘t 5 Fw - /'?3 - /:5’ |
[BL-2 - Forees éf LRefJ /,v same a5 Bl-]

ECuThboad. ! GCood teld ; , 087
' Go od fd?_e L .50

Znbpard Goo d Weld . 62
GDOJ Ed?_e ‘o, ?5—

. o8
Freseant ! S.F, = ,::-'—‘ ! jEu:/% ~ o4
w/ P2 x .5 added weld

| _ .58 | e - 2 5E - |

 FEEE S0 SF.Fe5 T 03

W/, O3IEX , 5 2dded weld (ﬂ?&z‘/ worsT)
— % _ _ .83 _
-~ 5ﬁﬂ —'5? - /ol7 SF;)—//?B = 15,
120
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s e . .
Y, FORM ANC=1382 (e71)’ AEROJET NUCLEAR COMPANY

., CALCULATION WORK SHEET ' LTR 141-80
| ' PAGE ’q or PAGES
susJECT (OFT pvz. m‘i%"' Sl""Dl)fJS' DATE 6'8"‘11(2, —
* PREPARED BY a4 G! Y2 b \ CHECKED . WORK REQUEST :

CQV\S»‘der PC-3  insTrument  iq PC-Z,'
location, This s done to Facilifate
| .;,uacé;%q. e a.c].'v_..'sql‘n“t-y o ?uﬁfm;i
P-3  with added weld in PC-1  Jecatien,
-1 loads are judsed +o be someuwhere
beTweew PC-2 Joads and PC-3 loads.

nom Leeiq: ,Il (,.).01“5+. LE%IJ_: 133
Present SF.= “8:,4  sp,c48=.5
P - 2,74 2,37 ‘ |
Jdccit \J.)Cu S.F.,\”—,—;T':24-,9 S,Ew: —"5-9—: 712 k

121



L= H .
.

N FORM ANC=1392 (7=71) AEROJET NUCLEAR COMPANY .

. CALCULATION WORK SHEET LTR 141-80

. 4 : PAGE 20 oF PAGES
SUBJECT LOFT (QJ ﬂf@ f’e r- : DATE ﬁ g- '7(0
Pniﬁm:p BY ’?a h l CHECKED WORK REQUEST

v 5/147‘:7L Over Welds ¢

5,de¢]ooo Brea =, 7352 x 2,464 - Bi25%= , WBin*

/ﬂb)"co ' /4/:.’4; Ao7t 5‘147?* [DV@}“ Anc{

/45‘1'_00‘{ - 7:29 1‘41
Mex nominal load = 108 152.8= |4, g ¥

2,29
Max ‘worst" lead ==2% 2547= 24,7 *
Ba.s‘ed on u)af‘$+
‘ 4 (24.7) _ N
’qncigz srae— = ,0/3/) in® for SF =10
AZ — ,02;;3-,‘”1 | For 5F=2,D

Pr&:’en‘f'// 44,//ed 7%,—- s - , 03 x, 55 7"—;//5’7‘:{
Boers = 6025) )/ 03003)] = . 0318 in*

>,0263 /n* O K

F_-f'an‘/" é,ve,r P,'éée

| ,Za/e;/ow H=1.25(4)= Tigt
Max ‘worst” load = ,;—7% 547 = (7,5%

4 07.5) _ |
H@?y -Ts-%_';" -~ ,0093 7/ 'F‘or SF=L0
PR -,0/66 it For SF= 2,0

Boelsz 6(12),03 = ,02/6in%

>,01%
122 6 oK



LTR 141-80

JNEG:G

INTEROFFICE CORRESPONDENCE

aate October 22, 1976 -
o M. L. Schulz

wom R. C. Gottula /w,

subjeat FLUID LOADS ON LOFT DTT SHROUDS LOCATED ABOVE "A" AND "C" FUEL
ASSEMBLIES - GOTT-10-76

Reference:_ (a) "LOFT Drac D1sc Turbine Meter Shroud we1ds", GOTT-4-76,
June 9, 1976.

The maximum momentum fluxes at the DTT shrouds have been estimated for the
transducers located in the LOFT reactor vessel upper structure above the
"A" and "C" fuel assemblies to determine weld requirements for the shroud
attachment. Momentum fluxes have been calculated for both steady state
and blowdown conditions. ee steady state calculation assumed the highest
loop flow rate to be 3.9x10° 1bm/hr. The following blowdown conditions .
were considered: . ‘ -

1. 200% simulated cold leg break
2. 200% simulated hot leg break
3. 100% simulated hot leg break

‘The momentum fluxes for these conditions are summar1zed on page 4 of the
attachment.

A11 of the momentum fluxes are less than the maximum momentum flux calculated
for the DTT shroud located in the blowdown pipe (Reference a). Therefore,
the weld requirements given in Reference a for the DTT located in the blow-
down pipe should also be satisfactory for the DTT shrouds located in the
upper structure above the "A" and "C" fuel assemblies.

If LOFT ever runs a blowdown test where only the hot leg blowdown valve 1s
opened, these weld requirements should be reanalyzed.

Jr

Attachment
as stated

cc: R. L. Crumley
J. R. Karvinen
L. Liebenthal
. Rahl
. Rag y
. Rohrdanz
. Wadkins ™
. Wesley
. Ybarrondo e

123

—O2o20XT 0
GO0V W



T ay...’f;?.'.é‘.'.---- DATE/9L!?/76 SuBJECT LUrTf WUt s RS TGO SHEET NO...._.!.._OF. ...
DATE . J4OB NO.....

LTR 141-80 ~-=====-="

CHKD. BY

CALCULAT/IONS | ForR FLUID LoADS oA THE DARAG bDISC
 TURBINVE METER SHROUDS DURING STEADY SIBTE A<D
BlowdowA OPERATIoN.

), STEADY STATE OPEAATIOA
ASSHmPTIONS ./
é) M&X/Mu&' LO2 P FLOW, HWATE = 3‘.9;r/0'6 e
'(é) ;'%_- CONE By-PASS Flok/

(C) Flow 1S PARALLEL To FLow METER SHROWD

THE rmAXImum CoRE AVERABE MASS VELoetTy IS

.G (15)(3.9:00%)

AvE /. 7656 fr‘

2.097300° " fpoopra

HESsoas (REE Lrm 11i- 62) DETERMINED THE LOFT cone
OUTLET FlLow SPLIT Tp BE AS Foltlows:

ASSEMBLY TYPE CUTLET VELOCITY AELATIVE
To __CORE AVE.
A . ¥
B I o% .
[ ‘ | .9/

. THE b ASSEMBLY Flow ARERS = .R64 Fr*

", v

THE 't ASSEMBLY Flow AREAH = .054% Fr2

"

THE /9" ASSEMOLY Ex)T Flow RATE 15!

(1,01)(2.098x10°)(. 2¢4) = 155,39 16/s¢¢c

3600
THE "C” ASSEMBLY EXIT FLow RATE IS!
m, = () (2098.08)( 054) _ 28,64 1y,
3600 o $6¥ L5k
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!

...........  SHEET NO 4 or...
....... DATE.... ]

JOB NO.

-

- LTR 141-80 .-'.--j-}'---'
ASSumME ALL OF THE Flow EXITING 7',95 "/9 /9.5‘.56‘»141./ -
FLOWS THROUGH THE 5.5 sy, DIA, .. ORIFICE /v THE A" uppss

STRUL TURE . ALSo, ASSumE THE /—‘Law METER IS AT
THE VENMA CONTRALTA DOWAISTREAM OF THE O0RIFILE

AND THE ORIFICE HAS A CONTRALTION COEFFICIENT OF . &
THE FLuid VELoCITY AT THE Flow mETEe IS

VvV = __"_"__ . 155, 39 “/5&:
N ( 4z,

PR
N

= 6.7 FTA‘};"

7

/‘/4

THE MAXIMum STE»Qby STATE MOMEn Tum FLuX AT r»E
FLow METE® ABovE THE "A" ASSEMmsLY 1S:

Cve = (42.7)(36,74)1-; 57, 700 “"%r-:n?

ASSUME ALL DF THE Fiow EXITING THE ¢ ASSEmBLIES
FLowS THRou6rH 7THE 3 v, DA, CRIFICES N~ THE "7 -
UPPEAX STRUCTURE . ALSp, AS:qmé THE Flow METER IS
AT TRHE VEANA CONTRACTA /wp THE ORIFICE /‘/»9: A
FLOW COEFFICIENT OF .6

'

THE FLUID VELoCITY AT THE FLow METER IS!

V= - <18y 22.77 Frisee
& = ) = R e
Ca (42.7) (77 ww)( é) |

THE MAXIMHM STEADY STATE MPMENTHAM FLUX AT r,,g
FLow MmETERN ABovE THE "C" ASSEmBLY i5:

= (#2.7)(2;. 77) =

22,137 t-éﬁ/Fr—:eaz
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2o AT

oy . L. 8. _ bire suutcf LoRY DT T. FLow METER SHEET NO 3 ‘or-' .

CHKD. BY DATE Joa No.... '

2. Blowbowal oPERHTION LTR 141-80 -=—=====

THE MAXIMUM MOMENT UM FLUXES AT THE Flow METERS
DURING BLOWDOWA VHAHVE ALSo BEEN CAHLCWLATED

FOR THE PoLLOW/ING BLowDowa CoDITIONS WITH Aa
INITIAL LOPP FLOW RATE ANd PrwER LEVEL OF

2,18x10% /MR Ayd 55 Mw RESPELTIVELY !

&-) ROy % SIMuLATED Co¢e D &E6 BLow Doww
&) 200 7,‘ SIMULATED JHo7 LEG BlLowdolwn/
() 100 G SimwATED HoT LEG SLowDowWN

PLOTS OF FLuidb DENSITY Awd VELoC)ry AF THE
ToP OF THE CORE HAVE KBEEN 08BTAINED FRoM CliVTown
KEELER FRom THE RELAP AREDICTIONS FoM 7THESE

BLowbDowWwnNS. THE VELOCITIES SHowwNn W THE irmwm
FIGUNES RARE AT THE aPPEA' TIE PLATE.

FOR CASES (é) AvD &) ABOVE THE MAXIMUM  MOMNENT YA
FeUx OCCURS AT THE JEG/AM/M/G 0L 7XME
AT A CORE FLOW RATE oF ABour 875 LU/SEC wIiTH FlLow

IN THE NORMAL DIRECTION » ASSuMING THE HME FlLow SPLIT
AT THE CORE ouTlLET A4S FoR STEADLY STATE C04/DITIONS

THE MIMENTUM FlLux&S A£T 7HE FlLow METERS ,qs.vmunvé :
POMOGENEDKS FlLOW ARE.

mom. wa)“. - (I D (24¢Fr) (375_;“ 2

) e ) )"

= 42, 425 lom/pr-see®

FLOWDO WA

Mom , FLUX)
|\c~

- (.9/)‘(,a5¢)&(875)_z _
0.7656)" (o) (1 55 )" ) >

,6) z72 Mm/;:r_,sc-z-

126



"y £ 6. __oarx sumsect LOFT_ DT T _FLow I1ETEAs

SHEET NO # OF
CHKD. BY. _..... DATE....

-s JOB NO.

LTR 141-80 =777
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OCLURS IN REVERSE Flow AT # FLOW A’/Nz: OF /e2po i/sEc,
Sirel TRE UPPER STRULTURE ABOVE THE 8" SSSEMELIES
HAS THE ConTRoL RoD DLRIVE MELHAA)SMS ASSuy mE

THAT ALL OF THE FLow 1S EVEwLy DISTRIBUTED W 7THE "»"
AnD “C" ASSEMALIES wiTH A Flow HARESH oF ,7 Fre.,

ASSUMING HoMmOGENEOUS Flow, THIS ARESuLTS

‘s
VELPLITY ©OF .

: 0, L4/ ’ L
ey -:T;;- & /627‘ = = 76 . 4 F f/ Sfc
39 53) (752

THE MOMENT uM FLuX IS,

ev: = (2”‘)(‘76#)“ 223,03) “affr_ sec*

SYMMARY
MAX)I MM MoMER) TUM FLyx [ U‘r/ﬁr..t‘;c‘)
ST&H Dy 2009 coed 2007 Kot 10075 wor
SRTE LS BREWHK LE8 BREAK LEG AR5k
DTT ABovE ]
“ﬁ” ASSEM BL)/ .57) 700 223} 03) 2/ 425 421 ¢4ZS
DTT ABovE '
. 2Z,)3 223 03! 6, 278 /6, 278
‘C? pssemBy| 7 ’ s CEad e

THESE MOMENTUM FLUXES ARE ALL LESS 7HAN THAT
COLCULATED FoR THE DTTS IN THE BiowDowa PIPES WHICH
WAS 355,332 w/rrsee® (REF |) . THEREFoRE, THE
WELD AEQ UIRE MEVUTS GIvEN v REF, | For me- Sry
SARouDI IN THE BLOwDO WAl PIPES SKHOWLO ALSP BE

ADEQUATE Frf THESE DTT > ABoVE THE ''$” Aup "07
FUEL ASSEMBLIES,
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