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1.0 BACKGROUND

This analysis is done 1o verify the structural integrity of the 2-inch diameter Auxiliary Sprey Line for
recently found thermal stratified temperature distribution. The variation of temperatures found in the
Auxiliary Spray pipe occurs in the immediate line where it attaches to the 4-inch vertical Pressurizer
Spray line just above the Pressurizer Spray Nozzle. This temperature condition exists out to the first
valve, (V-431) Temperature data was obtained by field measurements at three locations, see Fig. (@) The
Auxiliary Spray line is part of *he Chemical Volume Control System.

The mathematical piping model developed for this analysis, Fig. (3A, 3B), consists of a portions of the
Pressurizer Spray and Auxiliary Spray lines and are investigated for thermal and mechanical loads that
occur during normal and shutdown operations

20 LOAD CONDITIONS

21 NORMAL OPERATION

Duriny normal operations the Pressurizer Spray water is supplied by the cold legs of the Reactor Coolant
System Loop 1A and 1B These two supplies permit the spray flow into the pressurizer with less than four
(4) Reactor Coolant Pumps workine The differential pressure caused by the coolant flow through the
reactor vessel provides the head necessary for spray flow this pressure head of approximately 57-psi.
Under these normal operating conditions, with the Reactor Coolant Pumps operating, the spray flow rate
is controlled by the two modulating, (regulating), diaphragm-operated spray control valves. When on
auto mode, these valves stan to open at 2275-psia, and are fully open at 2300-psic. When these valves are
closed each, (2), spray valve has & manual bypass valve which is adjusted to aliow a small bypass fiow
rate of about 1 S-gpm at temperature. The bypass flow is maintained for the foliowing reasons,

* The bypass flow keeps the piping, valves and spray nozzle near operating temperature
10 minimize thermal shock to piping system and nozzle when the spray valves are
opened to admit more spray water.

* The bypass flow also helps to circulate the pressurizer water with the Reactor Coolant
Loops water 1o maintain uniform temperature and chemistry control in the pressurizer

a) Pressurizer Sprav Line has cyclic water lows from the reactor coolant system introduced mnto the
pressurizer to control its temperature and water volume . Between cyclic flows a bypass flow 18
maintained in the line 1o keep the piping system and pressurizer nozzie near temperature 1o pre-
clude thermal shock

b)Thae Auniliary Pressurizer Spray line sits with valve V421 closed so only the artaching pipe segment is
at o7 nea the temperature of the sprey line and/or pressurizer It is within this pipe segment
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' and at this time in operations that PVNGS Mechanical Engineering Group determined different tem-
perature readings between the top and bottom of the small 2-inch line, indicating thermal stratifica-
tion

2.2 NORMAL SHUTDOWN OPERATION

During normal shutdown of the reactor system, the Pressurizer Spray Line is in use until the Reactor
Coolant System water temperature is lowered to about 440 “F . At this time the RC pumps are shut off
and the Auxiliary Spray line then starts with a low flow to cool and collapse the bubble

23NORMAL STARTUP OPERATIONS

Under star-up operations the Auxiliary Spray Line is not used since afier flushing the RC Pumps are us=d
to assist heat up of the Reactor Coolant System and is available for the Pressurizer.are not in operation,
(1e . Low Pressure), and the differential pressure across the Reactor Vessel 1s insufficient to maintain
spray flow or bypass flow Under this circumstance the spray flow is supplied from the Chemical and Vol-
ume Control System into two alternate spray valves. This condition occurs during normal cool down of
the system The thermal conditions are estimated using the Specified Transient for the Pressurizer Spray
Nozzle

Operational Pressure in the Pressurizer Spray Line will vary between 2250 and 2300-psia. The pressure in
the Aux Line is taken from the shell side of the Regenerative Heat Exchanger pressure out-put minus pipe
losses is less than 2450-psia at a temperature less than 550 degrees F.

MATERIALS
The applicable materials are from the Code: ASME B&PV Code. Section 111, Class |

* Janch Dia Pipe, Sch 160, (Seamless), Stainless Stee], ASME SA-376 or SA-312, Gr TP304
* 1 inch Dia. Socket Firings, 6000 Ib. Stainless Steel, ASME SA-182, Gr. F3(4

*2.inch Dia Pipe, Sch. 160, (Seamless), Stainless Steel, ASME SA-376 or SA-312, Gr. TP3(M

-
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HOT STEAM

COLD WATER

FIGURE - 1

The temperature differences shown in the above figure is attributed to probable valve leak-
age 01 colder water, (operational temperature 220 °F ), from the Chemical Volume Control
System ), passing he check valve, V-431, as well as, circulation of hot steam by a convection
cycle from the 4-inch diameter Pressurizer Spray line. The 2-inch Auxiliary Spray Pipe pass
the closed valve is approximately at a pressure that is the same as the Regenerative Heat Ex-
changer Shell Side Pressure, (2450-psi) minus pipe Josses. Whereas the steam in the 4-inch
diameter pressurizer spray line is near S50 °F with a pressure equal to the RCS, 2275 to
2300-psi

This form of stratified flow, in the Aux. Spray pipe run up to its first valve, suggests that there
.2 no “high cycle” mixing zone existing at the temperature interface boundary. Rather there
will i+ a stable Jow cygle axial and tangential stress condition cue to only the tesperature

differences at the top and bottom of the pipe and their values will be dependart on the inter-
face level with a non-significant mixing zone. The stress condition in the pire wall will be

roughly proportional to (T, - T )
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* 2.inch Dia. Socket Fittings, 6000 Ib. Stainle.s Steel, ASME SA-182, Gr. F304

* 4-inch Dia Pipe, Sch. 160, (Seamless), Stainless Steel, ASME SA-376 or SA-312, Gr. TP3(4

GEOMETRY
Pipe Size Inside Outside Thickness  Section Moment  Radius Weight
Dia Dia Modulus  Inertia Gyration  (Ib/ft)
(In ) (In.) @n.) {n?) n*) (In.)
l1-in. Sch 160 O0RI15 1.315 0.250 0.1%03 0.1252 0.387 2844
2-in. Sck 160  1.689 <375 0342 0979 1.163 0726 7444
4-in Sch 160 3438 4 500 0.531 5.90 13.27 1416 22.51

NOTE: Corrosion Allowance = 0.00

STRESS VALUES (PSIy

Stress Temperature

Type 100 ° 1F 300 °F 400 °F 00 7 600 °F
ASME, SA-376 or SA-310 7 /304; Nominal Compesition 18Cr-8Ni

S, 30.0 250 228 20.7 194 182
S, 75.0 710 66.0 644 635 63.5
Allow. S 200 20.0 200 187 17.5 164
Allow S 188 17.8 16.6 16.2 159 159
Mod. of E10° (*s ) 28.3 276 270 26.5 258 253
Nominal Coefficient of Thermal Expansion ()

ox 167 8.55 879 9.00 919 937 9.53
(in/in/F )

Reflective Insulation

4-inch diameier pipe has a 2-inch insulation thickness having a Density of 0.0206 1b/in 3 or
7 Ib/fa
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3.0 REFERENCES
1) Chem Vol Control Sys. Auxiliary Spray Draw No 13 - P - CHF - 107, Rev. 16
2) BPC,Reactor Coolant Systein - Pressurizer Spray Line Iso. Sketch Sheet 13 p RCF - 102, Rev.S, Prob.
RC-502, Sheet; 11A and 11B
3. Letter 281-00806.MAR/KMS. dated July 31, 1992 from M. A. Radspinner to File, “CATS Item
41011, IEB 88-08 Thermal Stresses in Piping Connected to the RCS”
4)  Letter 161-04571-WFC/IMQ. dated Janvary 15, 1992 from W.F. Conway, APS to NRC, “Response
to NRC request for Additional Information on NRC Bulletin 88-08™
5y Calculation No. 13-MC-ZZ-588, Rev. 4, dated 12-15-89. “CVCS Auxiliary Spray Line Class 1 Pip-
ing.”
61 Calculation No 13-MC-ZZ-045 Rev 0, dated 12-9-87_*Class | Analysis of Pressurizer Spray Piping
1o Incorporate the Test Data ™
7} “Reduction and Assessment of Surge Line and Auxiliary Spray Line Temperature and Displacement
Data,” September 1991, prepared by Fatigue Evaluation Services, ABB Combustion Engineering Nu-
clear Power.
8) 1989 ASME Boiler and Pressure Vessel Code, Section I, Division 1.
9) ANSYS - Engineering Analysis System Computer Code, Revision 4 4A, 1989.
10) Calculation No. 13-MC-CH-531, Rev. 5, dated 2-18-92 “CVCS Auxiliary Spray Line Class 2 Piping

Analysis.”
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40 AUXILIARY SPRAY LINE TRANSIENT DEFINITIONS

PIPING SYSTEM DESCRIPTION

The function of the Auxiliary Spray Line is to provide the operator with an auxiliary pressurizer spray to
control the Reactor Coolant System, RCS, pressure during the final stages of reactor shutdown by allowing
cooling of the pressurizer The Aux. Spray Line is parnt of the Chemical Volume Control System, CVCS,
and is located between the charge line (Loop 2A) and the pressurizer, (RCE-X02). It is a 2-inch Schedule
160 pipe size. The upstream end connects to the charge iine where it takes the fluid, (reactor coolant) from
this charge line. Note that the section of the charge it connects to is a portion after the regenerative heat
exchanger outlet nozzle The down stream end connects to the 4-inch main spray line, and the main spray
line immediately connects to the pressurizer inlet nozzle

NORMAL START-UP OPERATIONS

The pressure i the line rises from atmospheric pressure to 2250 psig. After equilibrium of the system is
artained the flow in the line drops back 10 zero fiow, while the temperature and the pressure in the pipe
system remain a1 125 F and 2250 psig

NORMAL OPERATIONS
During Normal Operations of the plant systems such as at full power, step power changes and ramp power

tion stans in the loop with coolant flow and temperature of 44.0 GPM and 120 F.

UPSET OPERATIONS

In normal operations of the plant system an upset condition is assumed wh+r+ the Auxiliary Spray Line
may inadvertently function at full power For this event the coolant pressure is maintained at 2250 psig and
the fluid temperature rises from an initial temperature of 125 F to 460 F in a short Ume and the flow reaches
to 61.6 GPM

NORMAL SHUTDOWN OPERATIONS

During normal shutdown or reactor cooling, the flow in this pipe system increases from zero flow 10 61.6
GPM and the temperature of the fluid increases from 1255 F to 225 F. However, the pressure in the line
remains the same, 2250 psig  Afier the pressurizer is cooled the flow will slowly be reduced to zero, the
fluid temperature will be reduced to 70 F and pressure will be reduced to atmospheric pressure.

THERMAL STRATIFICATION

As a pant of APS response 1o NRC, Reference (4), NED assessed Unit 3 Auxiliary Pressurizer Spray Sys-
tem temperature data This data was recorded 1o evaluate the potential for thermal stratification in the
Auxiliary Spray Line The data reduction performed by ABB-CE focused primarily on plant heat-up and
cooldown operations In Reference (4) APS concluded that the Auxiliary Spray Line did not exhibit ther-
mal stratification due 1o leakage as described in JE Bulletin 88-08. However the line did exhibit a top-to-
bottom temperature differential of up to 115 F in the portion of the pipe system between Valve V-41] and

changes, there is no flow in the Auxiliary Spray Line. In the system heat-up Operating Condition, circula-
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the 424722 Tee connection to the main spray line inmediately above its connection to the pressurizer
inlet nozzle This temperature difference is considered 1o be the result either convective cooling or insula-
tion effects. No evidence of cvclic stratification with striping was observed and this condition will only
occur when there is zero fluid low in the Auxiliary Spray Line.
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50 CALCULATIONS

£1  EFFECT ON CALC.NO. 13-MC-Z7-588 USAGE FACTOR

Calculanions were performed by using ANSYS Version 4 4A computer ¢ e because this code allows the
npet of the vaniable pipe wall temperatures expenienced during stratification. The input is shown in Sec-
tion 6.0 based on Histograms per Calculation No. 13-MC-ZZ-045. Although the monitored temperatures
were in the range of 400 F at top 10 about 285 F on bottom of pipe, the thermal load cases were input with
the Mamn Spray operating temperature on the top less 115 F for the bottom temperature. This was done for
conservatism as the bigher temperature values vield a larger differential expansion top to bottom due to
their larger mean coefficients. The stratified section is Section 1 as described on the following sheets and
shown on the skeich on sheet 40,

The results of the load case runs for expansion stress are shown in Table 1 on sheet 32. The input and stress
summaries for each individual load case output are shown in Antachments 1 and 2. The maximum stresses
in the output are in terms of maximum stress intensity which is conservative compared 1o the bending
stress as it 1s equal 1o twice the maximum shear stress and includes the effects of intemal pressure. Maxi-
mum stress occurs at Data Point 41 in Upset - Inadventent Aux Spray initiation File inp16.0 and is equai
to 13623 psi. Although this is not a stratified case as the Aux. Spray is on, it yields the enveloped value
because the upward bowing of the Aux. Spray line during stratification relieves the bending stress resulting
in Jower stress levels during these cases. This can be seen by companson of results of stratified cases to
non-stratified cases.

The stratified load conditions affect only Primary Plus Secondary Stress Intensity Range, Eqtn. (10) and
Peak Stress Intensity Range, Eqtn. (11) for calculating Usage Factors. 13633 psi is substituted for the sec-
ond term in both equations which can be done since K2C2 indices equal 1.0x1 8=].8 and this has been
nput as an SIF in the ANSYS input. The through wall temperature gradient terms in both equations can
be taken from the existing stress calculation, Calc. No , 13-MC-ZZ-588 This is true because these terms
for the stratified flow condition are enveloped by the thermal shock or ramp temperature changes on which
the existing calculation is based The delta-T changes during stratified flow are much lower (115 F max.)
and are Jow cycle occurring #° a slower rate of change as described previously in Section 2.2 of this calc.
Also, a 2 dimensional Thermal Transient Stress calculation was done as pant of Calculation 13-MC-ZZ-
045, Rev. 0 (SNUMB No X017 Dated 9/30/87) for the 4" Main Spray under a deita-T of 160 F and the
transient stresses were four o o¢ mimimal (Jess than 1000 psi)

Equation (10) can therefore be conservatively calculated by simply adding 13633 to the existing maximum
i the stratified section I which is 35954 psi per page C-7 of Calc. 13-MC-ZZ-588. This yields 13633 +
35954 = 49587 psi < 3 Sm = 53625 psi. This value is conservative since, as mentioned above, the stratified
fiow actually reduces the maximum stress range
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Equation (11), Sp, can be recalculated as foillows using 13633 for the second term and using existiag values
for the gradient stress terms and the pressure term. If this Sp for the Aux. Spray Stratified Flow condition
is assumed to occur with every cycle shown on sheet C-8 of Calc. 13-MC-ZZ-588, the Fatigue Usage Fac-
tor based on this Sp will be conservative and then added to the existing Cumulative Usage Factor to deter-
mine it's effect on plant fatigue life. This calculation is as follows

Sp=1 2000225032 375) +13633 + (D 41E-640X25.SE6X1.7)( 6) + (23 SEON9 41E-0) 85x228499)
20(.343) 0.7

= 0348 + 13633 4 9790 + 100370 = 33141 psi

Salt = Sp/2 = 133141/2 = 66570 ps,
Nallow = 8000 c¢ycles
Usage Factor= N = 550 = 068K

Nallow  B0OO

Ne=total cycles from sheet C-8 of Calc No. 13-MC-ZZ-588
Nallow = Allow. cycles from ASME Sect. I, Fig. 1-9.2.1

Cumulative Usage Factor in stratified section = C U F from cheet C-7 of Calc. No. 13-MC-ZZ-588 + 0688
= 0053 + 068R = 164] < 1.0 Therefore acceptable
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£2 EFFECT ON CALC.NO, 13-MC-Z2-045 USAGE FACTOR

A combined analysis of Auxiliary and Main Spray piping was done in the calculation referenced above to
incorporate test data given in Study 13-MS-035. This data is based on a testing program which was imple-
mented to determine possible future thermal transients which could occur during the life of the plant. As
a result, possible transients were identified which are more severe than those defined in the Class 1 report
documented in Calc. No. 13-MC-ZZ-588

Table 2 on sheet 23 shows that, for every load case, the Stratification in Section I reduces the maximum
positive stress level and, therefore, does not increase the existing maximum Equation (10) stress renges
shown on sheet 21 of Calculation 13-MC-ZZ-045 (see sheet 13, Table-A).

The effect of Stratified Flow on the Cumulative Usage Factor shown on sheet 22 of Calc. 13-MC-ZZ-045
(see sheet 14 is calculated less conservatively than done in Section 5.1. The potential increase in peak
stress due to Stratification is calculated for each stratified load case by subtracting the maximum stress of
the stratification run from the maximum stress of the same load cese run without stratification This is
shown in Table 2 on sheet 33. From this table, it is shown that a decrease of 7403 psi is the maximum
change of any load case due to stratification. This value is then added to the maximum Equation (11) stress,
Sp. shown in Table B (from sheet 22 of Calc 13-MC-ZZ045) on sheet 14 to get a new maximum peak
stress, Sp’

Sp'= 289,034 + 7403 = 296,437 psi
Sa'= 206437 = 148 219 psi

b
-

Per Table 1.9 1 of ASME Section 111 Code, Allowable cycles, N' calculated as follows.

Mg ¢ 201000 9 g 201000
soo ¥ 'qansie’ | U vaman
N = 200( ==} = 408

n

Revised Cumulative Usage Factor can then be calculated as CUF. "= =
where n is an eguivalent number of actual cycles with maximum peak stress range of 289034 psi and
C U.F of 0.732 from the existing calculation. (see table on sheet 14)

N = Allowable cycles for Sp = 289034 psi  Sa= 2193014 = 144 517 psi
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Per Table 1-9.1,

(o (1 L
1000 U i@’ Y 1iea0

N = 500(-§66 ) = 539

n=0733N=0.723 (539} = 395 cycles

CUF'= " =" =0793<10 Therefore, the new Cumulative Usage Factor, C.UF." is acceptable.

K 40K

CONCLUSION

The Auxiliary Spray line is able to withstand the effects of Stratified Flow, as monitored by the PVNGS
monitoring program, for a 40 year life
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TABRLE - A
SMBURY OF STRESS INTENSITY RANGES

..................................................................

] | PRINARY « SECONDARY | SINPLIFIED ELASTIC-PLASTIC |
| ISTRESS INTENSITY RANGE| STRESS INTENSITY RANGE {
¥ I .......... vmsasmasiana , ........................ P ....-l
| GATA | max EG. 10 | WA EC. 92 | WAX EQ, 13 | max OF |
| POINT | SYRESS, Sm | Sa/3Se | THERMAL | STRESS U/0 |€6.12/38a|
| me, | (rai) ] (1) | STRESS, Se | TREARAL | oOn {
\ | | ! (ksi) | tksi) 1£8.13/38n|

" .................................................................. l
| e 31,455 | 0.631 | ses 4 | e §
2 | 19.249 | ©0.388 | ] ] . |
24 | 13.321 | 0.267 | S s | !
25 | 3.2 | 0.28% | see | cas | |
126 | 42.638 | D0.85% | 1.338 | 40,903 | |
132 | 42.992 | 0.861 | 1.689 | D686 | e |
18 | $1.535 | 1.032 | 9.757 | 46,98 | 0.88 |
136 | 23.661 | 0.473 | eee | Sl BT
139 | 26,243 | C.e2s | | - i
| %0 § 12,571 | 0.292 | | « |
[ 146 | 21,473 | 0.430 § | | ]
| tes | 21.516 | 0.431 | | - | |
I P 19.848 | £.399 | | - 3 |
| 150 | %079 |  0.282 | | < |
| 152 } 34,243 | 0.68 | | - |
| 156 | 13.832 | ©0.277 | | - |
| 181 | 24372 | 0.aBs | } = {
| 182 1%.378 | 0.288 | - | - <
| 1% | 21.9%8 | 0.440 | - ave | <
| 184 | 42.595 | 0.8%3 | 1.1471 | 31.013 | {
. B 22.077 | 0.e2 | - | wee | |
| 17 | 22.657 | 0.i% | - cee ] !
| 178 | 42,642 |  0.2S0 | 18 | N3 | - |
[ 182 | 21.068 | ©.é22 | . ] evi | wee ]
| 182 &3.664 | 1.070 | 20.3% | 38125 | 0.78 |
| 200 | S5.736 | 1.118 ) 1.0 | &4.93% | 0840 |
| 20| 13.708 | 0.27% |} cee EECT B |
| 2ok | 21.186 | 0.424 | - e I |
| 208 | 13,681 | 0.27% | cee | s | S |
| 208 | 20.825 |  0.417 | - wee | eee ]
| 21e | 14.148 | 0.2%38 | osv | se¢ o wee § |
| 212 | 13.987 | o0.280 | et | sss | ese 3§ 1
| 2% | 766 |  0.4T6 | = | « | sws § 8
| 217 3,604 | 0.68% | wse | A O
[ 28] 45.80%5 | oO.917 | 2.77% | “.3% | e |
| 20| L2947 | 0.0 | 1.6k | &0.137 | .- |
| 23 | 42,073 | 0.842 | c.77 | 38960 | - |
| @ar) 12,857 | o.287 | wee | v g sy 30
| 238 | 12.88% | 0.2%8 | - ok § . =t
| 262 |  18.e8 | 0.365 | - | il |
| 2 | 31.636 | 0.473 | - 1 | |
| %00 | S1.99¢ | C.9e7 | | | « 0
| s@ | £1.640 | 0.9 | e bl |

..................................................................

(1) whers S35 > 0.8, Eg. 12 4 13 wsec for pipe bresk critaris.
were SA38m > 1.0, chect Eg. 7 L 13 for Coe complisrce, check
for trersml ratster, e omters e ke for Salt (Tabie £-2).
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6.0 THERMAL INPUT DATA SUMMARY

OPER TEMP / REF TEMP W
r e e e e —_— . - —
! AUX / MAIN AUX. SPRAY I MAIN SPRAY
l‘l, — -
FILE LOAD CASE NAME | CYCLES FLOW | INTFRN SECT | SEC. 1K SECT A SEC B-F
I RATH PRESS TEMP s TEMP TEMP
mnp 14 NORMAL START UP 500 10/0 2250 4954770 495/70 495/70 495770
np I8 COOLDOWN (A} 200 10/62 V250 | 435460 | 60/60 435/60 435/60
inp 19 COOLDOWN (B) 460 1062 | seaR | ansaie | B0 | 435010 | 43370
mnp 20 COOLDOWN (O) 1R4() 10/62 42250 415%/160 160/ 160 415/160 435/70
np 12 NORMAL -10% 200000 | 290/0 2250 570% /405 1207120 540 Try49s
inp i3 NORMAL +10% 200000 | 29G/0 2250 565%/495 120120 565/49% 565/495
mp 15 UPSET LD REJECT. 85 220/0 2250 575% /495 1204120 §75/49% £75/49%
inp 16 UPSET INAD. AUX. 5 10/62 2250 460/450 I7/160 495/49% 495/49%
inp 17 UPSET SPUR. EVENT | 355 437/62 | 2250 S7Y495 | STVI20 | S73495 | $73/49%
np
* INDICATES BECTION STRATIFIED AT DELTA-T OF TSF (INDICATED TEMP AT TOP ICATED LESS (15F AT HM)
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CALCULATION SHEET

ANPP
CALC TILE AUXILIARY SPRAY LINE THERMAL STRATIFICATION  calCc NO  13-MC-2Z-643
suBJECT STRATIFIED THERMAL ANALYSIS OF THE 2.INCH DIA. PIPE SHEET NO. 16

REV | ORIGINATOR
Voo

DATE CHECKER DATE| REV | ORIGINATOR |DATE CHECKER DATE

\
/ ’13. AMTT BHATTA “ yq')u

i
iy UL S

Rev.

Plant Condition

Summarized
on charts on
following pages

A Y (GLOBAL)

T(0)

(i ”l'l
il i i T(270)

FIGURE - 2

TEMPERATURE INPUT TO ANSYS PIPE MODEL

Elem. TYPE TO) T(90) T(180)
STIF20 Sect. 1 Temp T -T(R0)  Sect. I Temp. - 115SF
(Plastic Pipe) 2




Id1d V1A HONI'T THL 40 SISUTYNY TVIWNEHL GILALVELS 123r8Ns

B
. ?EJm
inpl2 o™ S

PIPE TEMPERATURES FOR TRANSIENT HISTOGRAMS — AUXTLIARY SPRAY PIPE SYSTEM -
NORMAL 102 POWER CHANGE OPFRATIONS: During - 10% Power Change maneavermg operations of the plant there o no fow n the suxihary sprey line At this tene hermsl i 8
siratification i prpe section et for this operston 1 the pipe section | CH.F 000-BCAA < .) ' 13
<
»
- -
Number of Cycles 200 000 pe g
Pipe Section A L] c D 4 L4 X J | 4 Slo
ey »
P =
O

> ';

Referemce Temp, © 495 405 495 494 49 49% 49% 1 1 § t-
2]
System Temp. F 0 570 570 50 570 <70 570 120 120 §&- z
| Q
Deita Temp. F 7% % 7% 7% 4 7% 7% o o :). =
p< 4D

THERMAL STRATIFICATION 1S TO RE INCLUDED IN PIPE SECTION | 2
B

Pressure prig 2250 2% pah 2% 2% 2% 2% % 2% - "\:.‘ g
Eak
e |m
Flow GPM ha 290 o0 20 200 200 0 ) 0 »
m
<
%
g
N
INPUT FILE = inpl2 3
REFERENCE - HISTOGRAM 1 %
x
m
n
5 >

‘ON L33HS

Ll

9-ZZ- oWl ON DWW NOLLYDLALLYMLS TVINHAHL ANIT AVH4S LHVITIXAY .04 OO

ddNV

LAAHS NOLLVTINODTVD



mpll
PIFY TEMPERATURES FOR TRANSTENT HISTOGRAMS - AUXTLIARY SPRAY PIPY SYSTEM

NORMAL + 10 POWEFR CHANGE OPFRATIONS: During + 10% Power Change manes venng operstions of the plant ther 12 oo Bow m the sutiliary spray fe At thae tir k,.dr

steatification in prpe section »rets for thee operstion i the prpe section LOVEE DOD.RCAA T

Number of Cycles: 200 X0

Ppe Secnon A = c D | 3 ¥ 1
Reference Temp F 495 494 104 49% 494 494 404
Sysem Temp F 563 % 563 565 6% 6% %S
Delts Temp. ¥ ™ 0 ™ ™ " 0 0

THERMAL STRATIFICATION IS TO BE INCLUDED IN PIPE SECTION |

Pregense pmig 1150 2% 2% Ptk i poo 2% 2%
Flow (71PM Jan o0 20 >oan 20 2an o
INPUT FILE = inp13

REFERENCE - HISTOGRAM 11
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inpls
PIPE TEMPERATURES FOR TRANSIENT HISTOGRAMS - AUXTLIARY SPRAY PIPE SYSTEM

UPSET LOAD REJECTION AT 1009 OPFRATIONS (NO REACTOR TRIM Deeng  100% Power Lomd Reweton Change (perabions of the pisnt $wre w no flow m the suxiliory
spery fowe At thes time theemal strstific stoon w ppe sechion cxmte for hee operation w the pepe section | OTHE 009 BOAA

Noamber of Cycles 25

Pipe Sex vom . L] c o] L 3 r 1 - 4 L3
Reference Temp | 495 404 428 40 493 494 494 120 L.
Syaem Temp P $7% 57 578 e ] 7% 78 ™ (5 2)
Delta Temp P "0 L] &) L 5] 0 LT RO 1] L)

THERMAL STRATIFICATION IS TO BE INCLUTED IN PIF¥ SPCTTON |

Presxare parg 1% 2% 2% 2% 2% el 2% 2% 7%
Plow GPM . 20 0 220 0 20 ) 0 0
INPUT FILE = inpl5

REFERENCE - HISTOGRAM 1V
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inplé ~ 1< g 02
PIPE TEMPTRATURES FOR TRANSIENT HISTYOGRAMS - AUXLIARY STRAY PIPE 5Y5TEM ' 9 1 5 : '
-
UPSET INADVERTENT INITIATION OF AUX AT 100% IOIWER: Durmg this Upset cvent there o flow m the sonihisry speay lme No thermal vratific ston exists w Pipe Sectson | :& C.) a b
fow thee srerations - 2 x >
’g : A L
e &g ] e |8
Nuawibes of Cyclee § j -3 13 ﬁ -
(L % e {5
Prpe S trom » ' - D - - 3 3 r h 1> -
150 o G R R
.Y @ = -
-
' -
Reference Tomp © 49 494 0% 9% 19t 195 '\‘\@ 140 160 ; (I_) P>" :
System Temp 40t a0s 9% 104 401 a0 70 170 3 '3 ; .‘.t,
> X
: . x ;( m ; g G
Dietts Temp. ¥ 0 2 o o 0 210 210 210 4_1 - ; o E:
=
NO THERMAL STRATTFICATION IS TO BE INCLUDPD IN PIFE SECTION | o ol E 2 O
ol % | &
Preasare paig 22%0 ne 2% nw pah 1 2% 2% 2% »w g - = o
L B
2l |w|> =3
Flow (PM n 10 0 " 10 0 a2 62 62 m -
JHE
0 |2 Z
TRERER-
™
1|8
gllme ”
=
o
’ -
. » =
INPUT FILE = inpi6 z 3
g 1%
m Iz
REFERENCE - HISTOGRAM V . s S
O - 4 g
x
m O t
n
-
AR
-
-
YT




LAFAHS NOLLVTINDTVD

B 2|l 2 %
i o m »
inpl1? > < 2 6 2
a - v
PIFE TEMPFRATURES FOR TRANSTENT HISTOGRAMS - AUXILIARY SPRAY PIPE SYSTEM g B =
N r
UPSET SPURIOUS UPSET EVENTS Dwrng Sparons Upeet Frents (OF The Mam Spray Line thesm s Ao in the sus iloary spray line No thermal styatrfic stron c vty v Pipe Secton é 3 -
1 foe < »
Y2818
Numher of Cycles 15% -~ o
-~ - >
~]1 9 - =
Pipe Sevtron a » e o ® r 1 - ® | > b I R
it g ”
| -
»s vV = |2
xf z |z
Reference Temp. P 105 491 405 107 a0s 10+ 404 120 120 f o E |-
. . - y E x| > |3
Sysem Temp ¥ T m 573 57 T3 573 t T ? 3 g g ™
>
m
Detia Temp F ) " ” m = 7 J * ‘f o - g
4 g i=
NO THERMAL STRATIFICATION 1S TO RE INCLUDPD IN PIPE SECTION | - = z
=] O = |E
Preasure porg 1280 2% % 22% 2290 2% 2% 2% el 1 ol B <
> IR E -
=
x = >
Plow (7MW Y7 a 7% 178 178 17% a2 a2 &2 t\(‘! .? g
e 13
ARERE
§ é
O
>
z O
INPUT FILE = inp17 $ P
=) O
—
g 17
REFERENCE - HISTOGRAM VI g 5 %
2 8
x| 3
5 z
-
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mplR

PIPE TEMPERATURES FOR TRANSIENT HISTOGRAMS

AUTXTLIARY SPRAY PIFE SYSTEM

NORMAT PANT OO0 [XYWN (A During Normal Plant Cooldewn Operatons there o itermitient Sos s de sueshiaey speay lme At this e the sorithary sprey pape has » fow
comhtaom of 57 CPM for tove (0] maomwes snd shasts down for twenty (X)) scnewes (o sero Som Stratfostion m pepe ssction = conaervatiee iy acanmed o e nist for thes operstson m the
pepe section L C1 F 009 ROAA 7 There @ o poasibnlity that $he wgeneranve iiest cxchanger 1 not opersting 2o vanoms lempe catires aee sssumed and scooented for by PLANT

CONNITMOWN (AL (B and (07 C oandityons

Number of Cycles COORDOWN CONDITION (A} - 40 cyclen © Scycies per Conldowns X0 «yoles

Py Sector - ° c o] 3 r
Refererme Trmp © ) " m " n ]
Syewemn Temp 7 41 a0 41 4t 418 41
Delts Temp | s w %S LS % W

THERMAL STRATTFICATION IS TO BE INOLUDED IN PIPY SECTION |

Drranure g v 0 “0 N0 o0 a0
Plow (PM T 1o 0 0 L) 10
INPUT FILE = inpIR

REFERENCE - HISTOGRAM VI
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npl?

NORMAL PLANT COOLDOWN (B) During Narmsl
condition of 52 GPM for twe (1) manutes and shuts down for twenty, | M. e Ly rero flow. Stratificstion
pipe section [ OV 000 ROUAA 27 There m » ponsibility thet the regenerative hest exchanger i not opersting 40 Yaous mperatuees are v d and wc
COOLDOWN (A) (B snd (1) Conditrons

Nusnher of Cycles

Pipe Sectron

Reference Temp F

Syweem Temp ¥

Detta Temp ¥

Flow CPM

PIVE TEMPERATIRES FOR TRANSIENT HISTOGRAMS - AUXTLIARY SPRAY MIPE SYSTEM

COOLDOWN CONDITION (B)

1o

418

12%

g 4 Li]

92 cyclen v Soviien pvv"nnﬂrmnw AHD e lex

c D ® v
0 70 70 70
41 a1 418 415
s AL %S 6S

THERMAL STRATIFICATION I3 TO BE INCLUDED IN PIPE SECTION |

400

M ann 40 A
n 0 10 in
INPUT FILE = inpl9

REFERENCE - HISTOGRAM VI

1o

FRL

175

2250

620

Plars Cooldown Operations there o intermittient flow m the sz ifiary spray hine At this tiene the saxihary spray pipe hae o flow
' pipe sechion @ conservative by a0 e xat for thas operstion = the

ounted for by PLANT

e

i

%

620

1o

1o

2%

520

AdY

b1/

i

31vQ | HOLYNIDIHO
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v
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PIFF TEMPERATIRES POR TRANSIENT HISTOUGRAMS - AUXTLIARY SPRAY PIPT SYSTEM

NORMAL PLANT COOLDOWN (C) During Normal Plamt Cookdown Operstions there m intermitient fow m the sexiliary spray ine. At this time the snxiliney speay pipe hae 2 flow
condition of 67 GEM for two_ (2] memutes and shuts down for tementy (X0) mammtes to wro Row. Steatificatom i prpe section = conservative by smumed 1o exint for thes operstion m the

pree sectson I CTHF 000 BOAA 27 There m » ponsibihity that the wgenerative hest cxchanger s not operating 20 varons temperatires are asewmed and s counted for by PLANT

COOLIMOWN (AL (7)), sl () Condstrons

Number of Cyclen COM DOWN CONDITION () — R cweles 1 Soycles per Conidonn= 18400y bes

Pape Sevtron A L] e D = r

Referemce Temp F 1A ™ % ™o ™ ™
Syseem Teenp F 4 41 413 413 418 an
Delte Temp ¥ 174 ALA Wwe W 145 68

THERMAL STRATIFICATION IS TO BE INCYL.UDFD IN PIPY SECTION |

Pressnre parg &0 0 400 400 400 400
Mow (PM 4w 0 10 10 10 10
INPUT FILF = inp20

REFERENCE - HISTOGRAM VII

W
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CALCULATION SHEET

ANPP
CALC TITLE AUXILIARY SPRAY LINE THERMAL STRATIFICATION  cajc NO  13MC-ZZ-643
suBJECT STRATIFIED THERMAL ANALYSIS OF THE 2.INCH DIA. PIPE SHEET NO. 26
REV | ORIGINATOR |DATE| CHECKER _ |DATE| REV | ORIGINATOR |DATE CHECKER DATE | Rev.
v Iw. { ’\,)* J‘\ A ( \(7 o
ﬁ)\‘ —gm BERC # /’/, a1 AMIT BHATTACHARYA | (317 cator
HISTOGRAMNO. . I 4 I
SN - S -
TRANS (ENT wo Figuee 8 z,m‘n """"""""" S m.. .............
5."': $tax LERE »::",’m e PRESE I IER) e N -

0. OF CYCLes

i
[ TPWEL e
¥)

| BipE SECY Iom |
|

S0

Ta oteraks w

| A TMADn &

| 200 000

”
1.4t min

200 bov
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.atimin




A CALCULATION SHEET

ANPP
CALC TITLE AUXILIARY SPRAY LINE THERMAL STRATIFICATION caic NO  13MC.ZZ-643
SUBJECT STRATIFIED THERMAL ANALYSIS OF THE 2.INCH DIA. PIPE SHEET NO. 27

REV | ORIGINATOR | DATE P CHECKER  |DATE| REV | ORIGINATOR |DATE CHECKER DATE

N A ey HCT AN

/\

ot £ 1

HISTOGRAMS

b 4
HISTOGRAM NO. - n Vi
CoNs)tiom | '3 ! s il | wsr
TRARSIEN) W i x | o | ! T haw
Even® wTpes TEST LEAR TERT | LoD REJECTION AT 100 X POML SN IOUS UPSET EVENTS
LRat | 5 AEAITIR TR
| w0 OF CYOUES i I | ] s
PIrE SICTIR | o Teeaxd” ¥ R i A oTHRAKH ¥ A TNROKE ®
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NOTE. Test conditions not run due to no flow in either Aux. or Main Spray systems
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CALCULATION SHEET

ANPP
CALC TITLE AUXILIARY SPRAY LINE THERMAL STRATIFICATION 0 0 NO 13.MC.ZZ.643
suBsEcT STRATIFIED THERMAL ANALYSIS OF THE 2.INCH DIA. PIPE SHEET NO. 28
REV ORIGINATOR | DATE y CHECKER i DATE | REV ORIGINATOR | DATE CHECKER DATE | Rev.
?\ T " [P RO Ty Indi-
0 m,?.‘&' / % 24 ammy n:t'anacnm'n h““ A crion
HISTOGRAM NO - v
o . e B
TRARE I En' WO | i LA I“-*O’ ' ' - |;ﬂ