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SUMMARY

The LOFT pressurizer spray and surge line piping was analyzed for a
450°F step change in fluid temperathre. This transient was chosen to con-
servatively represent several pressurizer oberating transients that had

)

not previously been analyzed(] . These include temperature tkgnsients
resulting from a 300°F AT between pressurizer temperature and cold leg
temperature, injection of a cooled (70°F) slug of stagnant fluid into the
hot (540°F) spray line piping, and inflow of 100°F primary coolant system
" water into the hot (480°F) surge line piping«Q If the thermal stresses in
the spray and surge line piping as determined'by the Applied Mechanics
Branch yield a lower number of cycles than fs required, analysis of a less
conservative transient than the 4SO°F step temperature change would prob-
ab1y‘yie1d a higher allowable number of thermal cycles. The use of a less
conservative transient would have to be justified by an analysis of LOFT
pressurizer opérating conditions and procedures: ‘
.Piping Df.values for the 450°F step transient were calculated using
coupLE/M0D22) for input into the ASME Section III pipe equations'd), DT
values for the piping are tabulated in this report and have been forwarded
"to the Applied Mechanics Branch for §tress analysis.. Maximum DT values for
the spray line were DT1 = 295°F at 1.5 seconds and DT2 = 84°F at .5 seconds._
Maximum DT values for the surge line were DT1 = 360°F at 2.0 seconds and
DT2 =_]61°F at .5 seconds. DT3 values were ca]cu]atéd to be zero for both

lines. Complete microfiche copies of both computer runs are contained in

Appendix B of this report.
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1.0 INTRODUCTION

Section 3.1.4.2.(5) of the LOFT Technical Specifications %)

‘states:
“The design 1imit on pressurizer temperature above cold leg |
temperature is 300°F as specified in ANC-60044."

Since pressurizer spray and surge line piping adjacent to the pressurizer

will be nearly the same temperature as the pressurizer, fluid temperafure

transients of up to 300°F could be experienced by the piping in these re-
gions. In order to conservatively analyze this transient and to allow more
f]exibi]ity in plant operation, a 450°F step transient was chosen.(s)

Other transients for which the pressurizer spray and surge lines have not

uprevious]y been analyzed include injectiop of a cooled (70°F) slug of

stagnant fluid into the hot (540°F) spray line piping, and inflow of 100°F

primary coolant system water into the hot (480°F) surge line ﬁiping. A

more complete discussion of theée transients is contained in Reference 5.

After an analysis of the spray and surge nozzles showed that the 450°F step

transient produced much more significant thermal stresses than the other

transients not previously ana]yzed,(s) it Was chosen as conservative]& re-
presenting all of the above mentioned transients, and only the 450°F step

transient was ana]yzed. Using COUPLE/MODZ,(Z) a finite element heat con-

duction code, DT's were calculated for input into the ASME Section III pipe

(

equations. 3) It should be noted that since the pressurizer spray line piping
does not exceed 1" nominal pipe, an ASME Code Sectibn IIT Class 1 analysis is
not required. However, the spray line piping ana]ysis contained in this re-

port was requested by‘LOFT personnel due to the importance of some weld areas

in the piping adjacent to the pressurizer.(lz)

2.0 \ ANALYSIS
Lun anon n an oo an .
Figures 1 and 2 show the axisymmetric finite element models of the

pressurizer spray and surge line piping, respectively. Since the piping
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adjacent to the pressurizer wif] have the highest initial temperature, anal-
ysis of the piping near the pressurizer will yield conservafive results for
the surge and spray lines. Neither the surge or spray lines have tee's or
elbow's near the pressurizer, therefore the models in Figures 1 and 2 are
one dimensional axisymmetric finite element models of straight SA312 Grade
316 stainless steel piping having the properties given in Table I. Both
the spray and surge line piping are conservatively assumed to be at 650°F"
(pressurizer operating temperature), and 200°F water flows through the pip-
%ng to initiate the transient. Flowrates used in this analysis were the
design f]owrates(g) for the pressurizer surge and spray lines of 296 gpm
and 20 gpm, respectively. Forced convection heat transfer coefficients for
;he surge and spray line piping inside surfaces are given in Table II and
were calcuiated using the following forced convection turbulent heat trans-

fer correlation:

.8 .4

) , .
hf.c. = ,023 o ReD Pr (Ref. 8)

Heat transfer coefficients which contained the effects of 1-1/2 inches

(10) and natural convection and radi-

~of molded calcium silicate insulation,
ation from the insulation to the air, were applied to the outside surface
qf the piping. An ambient air temperature of 70°F was assumed and tempera-
ture difference of 50°F was assumed between the insulation surface and the
air for purposes of calculating the film coefficient. Based on this assump-
tion, a combined convection and radiation heat transfer coefficient (hb+r)
of 1.84 Btu/hr-ft2-°F was obtained(8) and combined with the insulation ther-
mal resistance to give the overall heat transfer coefficients listed in

Table II. The following equation was used to calculate the overall heat

transfer coefficients:
] 1

hoverall = D R X (Ref. 8, p.179)

pipe "__ = ¢ __ins

2

W

-



} Material Properties of SA312 Grade 316 Stainless Stee1(7)

TABLE I

c

‘LTRII44'

T o | p : K
(°F) (1bm/in3) ‘(Btu/}bm) (Btu/in-sec-°F)
70 2841 .1080 1.924 x 107
100 2841 1108 1.974 x 107%
200 2841 1174 2.075 x 107
300 2861 1222 2.175 x 1074
400 2841 1255 2.276 x 107%
500 2841 1278 2.377 x 1074
600 2841 1296 2.477 x- 1074
700 2841 1310 2.579 x 1074
TABLE II
Heat Transfer Coefficients
h ‘
(Btu/hr-ft2-°F) Application/Type
6,000 Surge line piping inside surface forced
convection heat transfer coefficient
3,500 Spray line piping inside surface forced
convection heat transfer coefficient
.546 Surge line piping outside surface '
heat transfer coefficient
.692 Spray line piping outside. surface

heat transfer coefficient

] ..

o -
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where

Xin = thickness of insulation

Kins = .05 Btu/hr-ft-°F(]0) = thermal conductivity of insulation
! Dpipe= outside pipe diameter

Dpipe+ins(= outside d1amete; of insulated pipe’

D . . -D_.
D, = Eﬁn %Bpe+1ns /Dp1pe = mean diameter of insulation
pipetins’ “pipe

It should be noted that this procedure neglects the heat capacity of the
insulation. However, the insulation heat capacity is small, and neglecting

it will have little, if any, effect on the results.

3.0 "RESULTS

Table III gives the DT's for the pressurizer spray and surge line pip-
ing. The input and output summary to the computer runs from which these DT's
were obtained is contained in Appendix A. The maximum value of DT1 occurred
175 seconds after the start of the transfent for the spray line piping and
2.0-seconds after the start of the transient for the surge line piping. DT3
values wefe calculated to be zero for both lines. The computer output results
~for both the pressurizer spray and surge line piping have been sent to the
Applied Mechanics Branch for thermal stress analysis. Complete microfiche
copies of both spray and surge line computer runs are contained in Appendix
B of this report.

TABLE III
Maximum DT's In LOFT Pressurizer

Spray and Surge Line Piping For
450°F Step Transient

Maximum Time Maximum Time

DT1 (secs) DT2 (secs)
Surge Line 360.46 2.0 160.92 .5
Spray Line 295.42 1.5 84.13 .5

<4
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APPENDIX B

MICROFICHE COPIES OF
COMPUTER RUNS

" (See Distribution)



The fol]owingrmicrofiche are complete.copies of the surge and spray lines

thermal analyses computer runs.
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