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I. TR~ll2. ·11 g 

SUMMARY 

Several sections· .of the LO~T primary coolant blowdown piping were · 

analyzed for temperature transients occurring during a Loss of~Coolant 

Experiment (LOCE). The LOCE fluid conditions were chosen to.~~nserva­

tively represent the most severe operating conditions occurring in the 

piping(l ,2). Temperature gradients will be used by the· Appiied Mechan­

ics Branch to detennirie thermal stresses and the allowable thermal 

cycles for the piping. The only other significant thermal cyc:le (heat­

up or cool down) was not analyzed because the oT•s for this cyc)e for 

'the pipe sectiqns analyzed will be small (<lS°F) and will haVe a very 

minor effect on the allowable number of thermal cycles. 

8 inch - Sch-160, 10 inch - Sch 140, 12 inch - Sch 160; and a special 

6 inch section of stainless steel piping wer.e·.analyzed. The temperature 

gradients for each case were expressed in the DT form required for the 

ASME Section III pipe equations( 3) .. DT values are tabulated in the report 

and have been .forwarded to the Applied Mechanics Branch for·stress analysis. 

Specific details and assumptions used in this analysis are found in appro­

priate sections of this report. Complete microfiche copies of the computer 

runs are contained in .Appendix B. 
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1.0 INTRODUCTION 

Components used in the primary cooling blowdown loop df LOFT face 

severe temperature gradients due to ·the transients experienced during a 

LOCE. Prior to a. LOCE, piping is at a steady state temperature of 610°{ (1) · 

in the hot leg of the cooling loop. As the blowdown proceeds, the pressure 

in the system drops rapidly during a short time _interval. As the pressure 

falls below saturation pressure of the cooling water, belling commences in· 

the pipes. Since the water temperature is a function of pressure in this 

case, the inside of the pipe is exposed to a rapid temperature transient. 

The magnitude of the thermal gradient is increased further by large heat 

transfer coefficients due to two phase flow and nucleate boiling on the 

inside pipe surface. Only the conditions of the hot leg portion of the 

blowdown loop was analyzed here, as it experienced more severe transients 

than the cold leg. COUPLE/MOD2{4), a two-dimensional finite element heat 

conduction code, was used to calculate DT 1 s for input into the'ASME Section 

III pipe equations(3). 

2.0 ANALYSIS 

Figures· 1, 2, 3, and 4 show the axisymmetric finite element models of 

the 6 ·inch, 8 inch, H) inch, and 12 inch blow dow~ 1 oop. piping, res pee:.. 

tively. The pipe sections examined were not adjacent to any tees, elbows, 

valves, etc., so a one-dimensional axisymmetric model was assumed. The 

pipe dimensions. are given 1n Table I. All pipes are of ASME SA312 Grade 316 

stainless steel, having temperature dependent properties listed in ·Table 

II{s). Linear interpolation was used to derive values intermediate to 

the temperatures listed. 

Proper heattransfer coefficients and boundary temperatures are 

vital to an accurate thermal-hydraulic model. The pipe heat transfer 

1 



LTR1.t2. 11 S· 

coefficients were selec.ted for the worst case blowdown from data provided 

by the blowdown specifications(l,6). During the initial phase of a LOCE, 

a coefficient of 10,000 Btu/hr-ft2-°F was used to represent n~cleate 

boiling heat transfer for 13 seconds. After 13 seconds a coeff1cient of 

100 Btu/hr-ft2-°F was used to represent the time the ~eactor. vessel was 

ftlli'ng with emergency core coolant (ECC}. This coefficient was used out 

to 40 seconds, duri'ng which time.the heat transfer occurs from forced 

convecti.on of superheated steam on the pipe surface. After 44 seconds a 

heat transfer coeffictent of 1,000 Btu/hr-ft2-°F was used as ~epresenting 

the ECC flowing through the pipe. The heat transfer coefficient~ and re­

spective times are listed fn Table III. 

The outside boundary coefficients were computed as a combination 

of free air convection and thermal conductivity(?) of-3 inches of insula­

tion with a thermal conductivity of 0.0042 Btu/hr-i'n-°F. The specific 

heat of the insulation was ignored in this analysis, but it is so small 

relative to the pipe that the errors introduced would be negligible. 

An effective outside convection coefficient of 0.17 Btu/hr-ft~°F was used 

in this analysis. 

Inside boundary temperatures werP ~~ected representing the fa~lest 

blowdown anticipated for LOFT(l •6). These temperatures are g.iven as a 

function of time in Table IV. Linear interpolation was used to derive 

temperatures between the times 1 i sted. An ambient air temperattwe uf 

100°F was used for the outside boundary. 

2 



LTR 11?. 118 

TABLE I 

Pipe Dimensions(8) 

Model Inside Outside 
. Number · Pipe Diameter· {IN) Diameter {IN) 

1 6''. 4.063 6.00 

2 8" SCH 160 6.813. 8.625 

3 10" SCH 140 8.75 10.75 

4 12" SCH 160 1 0. 126 12.75 

TABLE II 

Materia 1 Properties for 316.Stainless Steel p .. (.5.) . 1pe . 

. Densi t~ Thermal Conductivity· Specific· Heat 
Temp (OF) ( 1 bm/fn ) (Btu/hr-ft-0F) (Btu/lbm-°F) 

100 0.2841 8.5 0.111 

212 0.2841 9.016 0.1181 

302 0.2841 9.407 0 .. 1222 

392 0.2841 9.799 0.1253 

482 0.2841 10.19 0.1275 

617 0 .. 2841 10.78 0. 1298 

3 



TABLE III 

Heat Transfer.Co~fficients Inside LOFT Slowdown Piping 

. As A Function Of Time 

Time (sec) 

0.0 to 13.0 

l5.·0 to 40.0 

40.0 to 44·. 0 

44.0 ·to Q). 

Heat Transfer Coefficient 
(Btu/hr-ft2-°F) 

10,000 

100 

100 + 1,000 

1 .ooo 

LTR1l2. llfl 

- Outside effective ~onvection coefficient = 0.17 Btu/hr~ft2-°F 

TABLE IV 

Fluid Temperatur-·e~ Inside LOFT Blowdown Piping 

As A Function Of Time 

T1me (sec) TemQ (0 F) 

0.0 610 

2.0 536 

7.0 490 

13.0 270 

40.0 260 

100.0 100 

Q) 100 
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3.0 RESULTS 

Table V gives the DT's for the 4 pipes analyzed. A complete listing 

of each DT for every time increment is included in Appendix,:A. DT3 is 

zero in all cases, as would be expected. 

Upon examining the behavior of DT's versus time, one can-identify two 

peaks in the behavfor of DTl and DT2 corresponding to the heat transfer 

mechanism in operati6n at that time. During th~ first phase of a LOCE, 

when nucleate boiling is the predominant heat transfer mechanism, a large 

DT2 results from the high rate of heat transfer at the surface of the pipe. 

DTl also increases during this phase but in the thicker pipe (12 inch) the 

magnitude of DTl resulting from nucleate boiling heat transfer is less 

than the maximum DTl occurring during the last phase of a LOCE, when forced 

convection heat transfer is the predominant mechanism. In the pipes with a 

wall thickness ~1 inch and le~s-··(6, 7, and 10 inc~), nuc~e~te boilin~ causes 

the greatest temperature gradients in the pipe. These results are repre­

sented graphically in Figures 5 and 6. It should be appa~ent from the 

exa~ination of DT behavior, that the assumptions used in determining heat 

transfer coefficients are critical in their effects on the maximum thermal 

gradients. 

TABLE V 
' .: 

Maximu(!i DT' s In LOFT Primary Coolant Slowdown Pfpi ng 

For A lOCE Transient 

Pipe Thickness Maxi urn Time MaximlJm Time 
(in) ( 1 n} · DTl °F (Sec} DT2 (°F} (sec) 

6 0.9685 261 . 71 14 125.36 : 13 

8 0.906 267.79 14 117.45 13 

10 1.000 262.34 14 126.33 13 

12 1. 312 319.07 99 151 . 22 . 13 
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COMPUTER INPUT DATA 
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I 36 
~ 37 • 38 

39 
40 
41 • '· 42 
43 . 
4lt 

·- ' 45 

• .. 46 
47 ' 48 
49 • .. 50 

I 

• 
• -
I 
~ 51 

t 52 
53 
54 
55 • 56 
57 
58 

• 

0 1 ~ 3 4 5 6 7 8 
1234567890123456789vl2345t789Cl234567890123456769012345678901Z345678901234567890 

TITLE 
LOFT LCCE RUN FOR eiN SCH 160 PIPE (10•6.813IN,00•8.625INJ 
uNiTS- BTU,IN,ScC,LB,OEG fAR 

AUTO~ESH 
11 3 1 0 

1 1 3.4065 o.o 1 3 3.40650 1.0 
11 1 4.3125 o.o 1 1 3.406;; o.o 1 

1 
1 3 3.4065 1.0 11 3 4.3125 1.0 

11 3 4.3125 1.0 11 1 . 4.3125 o.o 
- 1 ·· -· ··- ~ -······- .. ·-· 

- - --·-----·-· .:. ~ ---·--- -- 1 ... : _ .. -::~ .- -----·-- .... --- ----

1 1 

MATERIAL 
1 1 
1 

2.31500E-5 

STEP 
o.o 

FUNCTIONS 
6 
1 6 

100.0 
392.0 

2 6 

11 1 3 
.. ~ ---- -- . · - . ..... ---·- . -v-· ·--t;- ~---- r 

0.2841 316 SST DENSITY IN LBIIN3 
1.C 1 2 ---~- _____ -_· . Jt)p~+ -. DQ+~ 

170.0 3 1 600.0 
0 1 o z ... _ ___ .. _.f.~~ ~ .. _?. ~ .1 ~ : __ g 1_ p e 

2 THERMAL CONOUCfiVITY (BTU/HR-FT-Fl ---. - -.. ~ 

E.5 212.0 Y.016 302~0 q.407 
~.7~9 482.0 10.19 617.0 10.7H 

2 SPECIFIC HEAT I BTU/LBM-Fl 
C.111 212.0 0.1181 302.0 0.1222 100.0 

392 .o 
3 o.o 

43.8 

C.1253 482.0 C.l275 617.0 - 0.1298 ...... _.- ............ ~ ---------·~----..-.... .-.. -·-~ ·- ~ " ~ ___ ......... v...w.--.- ·-- • •-- ··- · ~ ...._ .......... -·- .. .,._ · ~·--~--•- .. _, ... .:.. ~· 

6 1 TIM E INCREMENT CSECl 
c.s 12.6 0.5 12.7 
1.0 43.9 5.0 10C.O 

1.0 
5.0 

6 1 INSIDE TEMPERATURE (Fl 
61C.O 2.0 53o.O 7.J 490.0 
27C.O 40.0 260.0 lOO.J 100.0 

4 o.o 
13.0 

5 
o.c 

40.C 

6 1 INSIO~ CONVECTION COEF.IBTUIS:C-IN2-Fl 
1.<;2770E-2 · 13.0 1.92770E-2 15.J 1.92770E-4 - . - _____ _. ___ __ --- ...... - .... ·--·--·-·,- :. 
1.<;2770E-4 44.n 1.<;2770E-3 100.0 1o92770E-3 

b 
o.o 2 1 EFFECTIVE 'UTSIDE CONV. CuEF. CBTU/HR-F22-F) 

Col7 100.0 · G.17 ... ···- ---- • ---·------

CONVECTSETS . 
6 
1 1 1 

11 1 11 

DT123 
1 

3 1.0 
31. 9290<>E-6 

5 
6 

1.:> 
100.0 

3.~065 c.s 3.4065 1.0 4~3125 1.0 

4 ... -· -·- ~ · 

0 1 2 3 4 5 6 7 8 
1234567890123~5678901234567890123456769012345~7890123456789012345678901234567890 .. 

0 1 2 3 4 5 6 •7 8 
123 4 56 78 901234 56 78901234 567 8 90123'456 789012 345 ~ 789 012 34 56 7 890123456 7 89012 34567890 

4.3125 o .s· 4.3125 3.406;) 

?LOTS 
1 0 2 

COUPLE 

EriD OF DATA 

o -1 z 3 4 s 6 7 5- -- --
123456789012345678901234567890l23456789C1234567o90123456789012345678901234567890 

.. -~ ~ ·- . 

... ..... 
• 



• 1 
2 
3 
4 

• 5 
6 
7 
8 

• . 9 
10 
11 
12 

t 13 .. 14 
I 15 

16 
• ·• l 7 

.18 
19 
20 

• 21 
22 
23 
24 

• 2) 
26 
27 
2a 

~ 29 
30 
31 
32 , . 33 

~ ::J> 34 
·' I 35 
. (.71 36 

) . 3 7 
38 
39 
40 

, 41 
42 
43 
44 
i;) 
i;j •• 

, 
, 
• . . , .. : ~ . 
• 
• 

'd 
'd 
49 
50 

51 
:~2 
;3 
':14 
55 
56 
57 
59 

0 1 2 3 4 5 6 7 8 
ll34;67~9012345o7~9012345o7c9ul234567o901234567~90l2345o789012345o78901234567890 . ' 

AUTOMESH 
11 3 1 

11 3 5.375 
11 1 5.375 

1 3 4. 375 
1 1 4.375 

l 1 1,1 

MATE~IAL 
1 

i o. 2841 
2.31500E-5 

sTEP 

u 
1.0 11 1 o.o 1 l 
1.0 11 3 o.o 1 3 

1 3 

316 SST 
1.0 

5.375 
4. 375 
5. 375 
4.375 

DENS IT I' 
1 

o.o o.o 
loJ 
1.0 

lN LB/IN3 
2 

1 
1 
1 
1 

Tnpl-\+ . Da+q 
o.o . 170.0 3 1 600.0 10 2 

J ·.for . ____ I 0. m. -~~ pe 
FuNCTIONS 

0 
1 

10 J. 0 
392.0 

~ 

10 5. 0 
392.0 

3 
o.o 

43.8 
4 
o.o 

13.0 
5 
o.o 

40.0 
f) 
~.~ 

;:; i 12 3 
1 

b 

' 6 

2 THE~MAL CONOuCTIV:TY C3TU/HR-FT-FI 
8.5 212.0 9.016 3J2.0 - 9.407 
9.799 4~2.0 . 10.19 617.0 10.78 

2 S~EC1F1C HEAT (dT~/LBM-FI 
0.111 21~.0 0.1181 302.0 
0.1253 482.0 0.127) 617.0 

1 TIM~ INCREME~T CSECI 
o. 5 12.6 0.5 12.7 
1.0 43.9 5.0 100.0 

0.1222 
0.1298 

1.0 ;.o 
6 1 · IN;iiOt: TEMPERATuR·; (f) 

610.0 2.0 536.0 ' 7.0 490.0 
270.0 4U.v 26J.O 100.0 100.0 

b 1 lNSlDE CO~VECflJN COEF.CBTU/SEC-1N2-FI 
1.n770E-2 13.0 1.92770::-2 15.0 1.92770E-4 --· -·--· 
lo92770E-4 44.0 1.92770::-3 100.0 1.92770E-3 

2 1 EFF~CflVE JJT~IOE CONV. CDEF. CBTU/H~-F22-F) 
0.17 ~0:-.~ ~.17 

3 1.0 
-'L• 4 .; 9;.)r_-~ 

5 
0 

loJ 
.1.00. ,) 

4 

4.375 0.5 4.375 1.0 5.375 1.0 

0 1 2 3 4 5 6 1 8 
l2345678901234567o90l234567890l234567d9012345o789012345o789012345o78901234567890 

0 1 2 3 4 , 6 1 8 
l23~567~~0l2345o7o9ClZ34567b9Jl23456id9v12345o7890l2345o7890l234~o7o9012345o7e9o 

5. 375 0.5 5.375 o.o 4.375 o.o 
PLlJ:"'i 

1 · 0 2 

CGU?LE 

t:NJ OF DHt. 

o 1 2 3 · · 4 s · o 1 , a 
'lZ345679901234;b7~~0123~567890l~34567690~234567d90l2345678901234567690123~5~7690 

.... ...... 
Olt 
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.4 
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6 
1 
8 
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11 
12 
13 
14 
15 
16 
17 
16 
H 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3l 
32 
33 
34 
35 
36 
37 

·.. 3tl 

,_ 

• . ~ .-

• 
i 

• 
t 

... 

t ·-

39 
ItO 
4tl 
42 
lo3 

. 44 
45 
lt6 
H 
loB 
49 
50 

51 
52 
53 
54 
55 
56 
57 
56 

0 ! 2 3 4 5 6 7 8 
l234567890123~567890123~56769C123456i89Cl234567B~Cl23456789012345676901234567890 

TITLE 
LOFT LOCE RUN FOR 12 SCI- 160 PIPE CIC~10.126,Q0•12.75INI 
UNITS- BTU,IN,SEC,LB,OEG FAR 

AUTOI"ESH 
11 3 

11 16.375 
1 15.0630 
1 35.0630 

11 36.375 

1 l 

MATHIAL 
1 1 
1 

· 2.31500E-5 

STEP 
o.o 

FUNCTIONS 
6 
1 

100.0 
392.0 

2 
100.0 
392.0 

3 
o.o 

43.6 

6 

6 

6 

1 0 o.o 1 1 5.0b30 o.o o.o 1 3 5.0630 1.0 
1.0 11 3 6.375 1.0 
1.0 11 l 6.375 o.o 

11 1 3 

0. 2841 316 SST CENS ITY IN L8/IN3 
1.0 1 2 

170.0 3 l 600.0 10 
0 

2 THERMAL CONDUCTI~ITY CBTU/HR-FT-F) 
8,5 2l2.C 9.016 302.0 9.40~ 
9.799 ~az.o · 10.1~ 617.0 10.78 

Z SPECIFIC HEAT !B l U/LBM-F) 
0.111 212.0 0.1181 302.0 
C.1253 482.0 0.1275 617.0 

1 TIME INCREMENT CSEC) 
0.5 12.6 0.5 12.7 
1.0 43.9 5.0 . 100.0 

Oo12Z2 
0.1296 

1.0 
5.0 

6 1 INS : rE TEMPEkATU ~ E (F) 
610.0 2.0 536.0 7.0 490.0 
27Co0 40.0 260.0 100.0 100.0 

6 1 INS:DE CONVeCTION COEF.(oTU/~EC-IN2-F) 

2 

4 o.o 
13.0 

5 o.o 
40.0 

1.9Z770E-2 13.0 l.92770E-2 15.0 1.92770E-4 
1o92770E-4 4~.0 1.92770E-3 100.0 1.92770E-3 

2 1 EFFECTIVE OUTSIDE CONV. COEF, CBTU/HR-FZ2-F) 6 
o.o 

CONVECTSETS 
6 

0.17 100.0 0.17 

1 
1 
1 
1 

~t1.P_1A-\- :. · .. D~A ~q _ 

·fo1 I). \n .. ~~ pe . 

1 1 1 3 : • 0 5 1 • 0 . 4 .. -- . . ... .. . .. 
11 1 11 31.92900E-6 6 100.0 

DT123 
1 

5.0630 0.5 5.0b30 1.0 6.375 1.0 

0 1 2 3 4 ~ 6 7 8 
1234567890123456789012345678901234567890l2345676QOl2345~7890l2345678901234567890 

o 1 2 3 4 5 6 7 e ·· 
123~5678901234567890123~5678901234567890123456769012345~789012345678901234567890 

6.375 

PLOTS 
l 

COUPLE 

0.5 

0 2 

END OF DATA 

6.375 c.o 5.0630. o.o .· 

0 .1 . 2 3 4 - 5 6 ~ 8 
1231t567890l2345o7B90123~567890l23456189012345c189Gl2345~7a9ol2345678901234567890 
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COUPLE MOO 2 IMAY-23,77) 
LOFT LOCE RUN FrR Bill SCH lt.O PIPE 
U~ITS- 8TU,IN,ScC,L8•DtG FAR 
SUMMARY DT TABLE fOR CTSET 1 

UPDATE 1 (MAY-23t77l ECL 
II0•6.813IN,G0•8.625!Nl 

OTSET TIME 011 OT2 OT2I 
.0134 

OT20 TAVE TA T8 DT3 
1 o.oooo -.6816 
1 .~oco 6.8739 
1 !.COCO 15.5607 
1 1.5000 27.47~1 · 
1 2.0000 39.3418 
1 2.5CCO 46.3213 
1 3.C0CC 52.3el' 
1 3.~000 58.0968 
1 4.0000 63.5856 
1 4.5000 6d.~959 
1 5.ooco 74.058~ 
1 5.5000 79.0~t9 
1 6.GOOO 84,0275 
1 6.5000 88,8635 
1 7.0000 93.61~3 
l 7.5000 103,9002 
1 a.ocoo 115.6672 
1 8.5000 128.2548 
1 9,COOO 141.4692 

r · l 9.5000 155.1956 
1 10.0000 169.3464 
1 10.5000 1A3,t497 
l 11.0000 198.6456 

,. 1 11.5000 213.6855 
~. · t 12.0000 228.92«;3 

1 12.5000 244.3387 
1 13.0000 259,8b1l 

r · 1 14 • 0 0 0 0 2 6 7, 7 92 7 
~ - 1 15.0000 239,9947 

1 16.0000 221.4774 
1 17.COCO 206.9471 
l 18.COOO 194,6347 

·.-... 1 19 • c 0 0 0 18 3 • 8 3 54 
· ~ 1 20.0000 174.2030 
~ 1 21.0000 165.5313 
~C) 1 22.0000 157.6792 

1 23.C~CO 150.5415 
1 24.0000 144.0349 
1 25.COOO 138.0911 
1 26.COOO 132.6524 
1 27.0000 127.6695 
1 28.0000 123.0992 
1 29.0000 118,9034 

r . 1 3o.oooo 115.o4~' t 1 3l.COOO 111.5041 
l 32.0000 10~.2431 
1 33.0000 105.24C9 
1 34.0000 102.4753 
1 35.0000 99,9262 
1 36.ovoo 97.57~2 

, 

} . 

.0134 
~.1127 

18.6695 
28.1670 
l6.9C57 
38.2250 
38,5 8 30 
38. 84 13 5 
39.13 99 
39.4704 
39. 8372 
40.2350 
40.65 86 
41.1040 
41.5 669 
4B.&803 
56.6!:98 
64.1831 
11.2845 
78.0167 
84.4145 
90.5119 
96.3394 

101.9235 
107.2 893 
112.456~ 
117.4452 
102.2:i33 

56.4366 
42.2081 
36.8576 
32.62 89 
29.2236 
26.4625 
24.21t7 
2 2 .3!1 53 
20, 8o70 
19.6562 
1 8 .6395 
17.H44 
l7.0c67 
16.4 894 
1:). 91:!09 
15.5444 
15.1665 
14. t 365 
14, ~4t1 
14.2&&5 
14.0 58 4 
13.8511 

9.1127 
l6.tle9 5 
28.1 670 
36.9057 
38.2250 
3E.5t30 
3C. 84 o5 
39.1399 
39.4704 
39,8372 
40.2350 
40.65 8 1:! 
41.1040 
41.5669 
48.8803 
56.6896 
64 .lt31 
71.2f45 
78.0167 
84.4145 
90.5119 
96.3394 

101.9235 
107.2893 
ll2.456a 
117.4452 
102.2533 

56.4366 
35.1~71 
24.0006 
17.6087 
13.7399 
11.3366 

9.t:!4ll 
8.9324 
8.4129 
6.1550 
8.0735 
8.1102 
8.2247 
8.3t89 
8.~b26' 
8.7921 
9.0073 
9.2216 
9.4303 
9.6303 
9.tl l98 
9.9475 

-.0124 
-2.2630 
- 5 .1014 
-d.2139 

-11.5107 
-13.2279 
-14.o11l 
-1 5 . 8632 
-17.0013 
-1 8 .06 84 
-19.0c02 
-19.9937 
-20 . 8778 
-21.7201 
-22.5270 
-24.9951 
-27.8491 
-30.8798 
-34.0259 
-37.2518 
-40.5310 
-43.8426 
-47.1700 
-50.5006 
-53.8248 
-57.1342 
-60.4224 
-59.9935 
-49.3246 
-42.20 8 1 
-36.8576 
-32.6289 
-29.2236 
-26.4625 
-24.2167 
-22.3 8 53 
-20.8870 
-1'1.6562 
-18.6395 
-17.7944 
-17. 0867 
-16.4894 
-15.9809 
-15.5444 
-15.1665 
-14.o365 
-14.5461 
-14.2885 
-14.05b4 
-13.8517 

609.6348 609.6359. 609.6359 ' o.oooo 
608.1324 607.1878 ~07.1878 o.oooo 
606.1273 604.2759 604.2759 o.ooco 
603.7822 601.1~72 601.1472 o.oooo 
601.1442 597,8267 5'17.8267 o.ocoo ·- ..... _____ .. 
599.3686 59o.16oo 596.16oo o.o0oo DT 
597,7214 594.6506 594.6506 o.oooo 
596.0984 593.1155 593.1155 o.oooo 
594.4791 591.5413 591.5414 o.ocoo 
592.8559 589.9331 589.9331 o.ocoo (0(' 
591.2240 588.2959 588.2959 o.ooco tl 
589.5799 586.6328 586.6328 o.ocoo 
587.9212 584.94~7 584.9457 o.cooo 
586.2462 583.2359 583.2359 o.oooo 
584.5,33 581.5037 561.5037 o.ocoo 
581.7284 577.9244 577.9244 o.ocoo 
578.5195 573.9841 573.9641 o.oooo 
575.0465 569.8677 569.8677 c.oooo 
571.3431 565.5937 5b5.5937 o.oooo 
567.4294 561.1634 5~1.1634 o.oooo 
563.3209 556.5782 556.5782 - o.oooo 
559.0305 551.8413 551.8413 o.ocoo 
5 ~ 4.5691 ~46.9567 546.9567 o.oooo 
549,9459 .. ·541.9290 541.9290 - c.oooo 
545.1685 53b.7624 536.7624 - o.oooo .... ·- ·- · 
540.2444 531.4619 531.4619 o.oooo 
535.1805 526.0323 526.0323 o.oooo 
529.3984 521.9369 521.9369 · o.oooo 
530.9770 527.8412 527.8412 o.oooo 
531.2089 529.4849 529.4849 o.ocoo 
530.9670 529.7144 529.7144 o.oooo 
530.5198 529.4307 529.4307 o.oooo 
529,9604 526.9319 528.9319 o.oooo 
529.3276 528.3232 528.3232 o.oooo 
528.6402' 527.6460 527.6461 o.oooo 
527.9098 526.919~ 52o.9196 o.oooo 
527.1437 526.1545 526.1545 0.0000 
526.3476 525.3574 525.3574 o.oooo 
525.5256 524.5335 524.5335 o.ocoo. 
524.6813 523.6864 523.6864 o.oooo 
523.8173 522.8194 522.8194 o.oooo 
522,Y362 521.9351 521.9351 O.OGOO 
522.03~8 521.035~ 521.03~6 o.ocoo 
521.1300 520.1228 520.1228 v.oooo 
520.2084 519.1983 519.1983 o.oooo 
519.2763 518.2636 518.2636 o.oooo 
518.3350 517.3198 517.3198 o.oooo 
517.3854 516.3682 516.3682 o.oooo 
516.4286 515.4096 515.4096 c.oooo 
515.4655 514.4450 514.4450 o.oooo 

.. OlAfptA-t 
8 _in . Pipe ___ -

., 

.. ·-; .. -

I .. 



• 
COUPLE MOD 2 (~A~-23,77) 

.• LOFT LOCE RUN FGq BIN ·SCH 160 PIPE 
, UNITS- BTU,I~,SEC,L6,0EG FA~ 

SUMMARY DT TARLE FOR DTSET 1 
OTSET TIME DTl 

1 37,COOO 95.~0~7 
1 38.0000 93.4023 
l 19.0000 91.~512 
l 40,0000 89.8397 
1 41,0000 IOO.eOt4 
1 42.0000 117.7894 • l 43.0000 136.65t0 
1 44.COOO 155,1229 
1 49.0000 191.69~9 
1 54.0000 209,6003 • 1 59.0000 218.5477 
1 64.0000 222.7300 
1 o9,COOO 224.~e50 
1 74.0000 22~.3929 • 1 79.0000 223.7243 
1 A4,00CO 222.6595 
1 89.CCCO 221.4196 
1 94.COOO 220,1264 • 1 99.COOO 216,8374 
1 !04.oooo 212.o3~4 
1 109.0000 203.56~3 
1 114.0000 193,4776 • 1 L19.COOO 183,1188 
1 l24.COOO 172,8634 
1 129.(000 162.90~1 
1 l34.COOO 153,3430 • 1 139.0000 144.2314 
1 l44.COOO 135.5888 
1 149.0000 127,4143 
l 154.0000 119.69&2 
l 159.0000 112.4236 

. 1 164.0000 105.5711 

~·~ ~ · ln:gggg ~~:6!~~ 
' _ __. CURf'ENT EXTREME VALUES ARE 

__. DTI-MAX OT1-MIN DT2-MAX 
• 267.7927 . -.6816 117.4452: 

• 
• 
• 
• 

OT2 
13.6647 
13.4946 
13.3395 
13.1971 
23.5l7C' 
38.5527 
51.2881 
60.5102 
57.2079 
51.6119 
47.5450 
44.6490 
43.0778 
41.8925 
41.0713 
40.4787 
40.0311 
39.6853 
39.405~ 
36.4276 
33.lt<f2 
31.1862 
29.2668 
27.4550 
25.7567 
24.1662 
22.6753 
21.2766 
19.'1642 
18.7317 
17.5741 
16.4863 
15.4639 
14.5v28 

· DT3-MAX 
.oooo 

DTZI DT20 TAVE TA T8 DT3 
10.1630 -13.6647 514.4968 513.4750 513.4750 o.cooo 
10.3162 -13.4948 513.5233 512.5005 512.5005 o.oooo 
lC.4571 -13.3395 512.5456 511.5221 511.5221 0,0000 
10.5~63 -13.1971 511.56~3 510.5402 510.5402 o.ouoo 
23.5170 -16.7321 507,9701 505.7190 505.7190 o.oooo 
38.5527 -21.7762 502.9184 499.3965 499,3'165 o.oooo 
51.28c1 -27.0435 497.1770 492.7053 492.7053· o.oooo 
60.5102 ·-31.8680 491.2073 486.1397 486.1397 o.ocoo 
57.2C79 -37.9~02 469,61~6 465.1744 465.1745 O,QCDO 
51.6119 -39.3647 450.6392 446.6218 446.6218. o.oooo 
47.5450 -39.3756 432,9849 429.20~8 429.2049 o.ocoo 
44.8490 -38.9932 416.12CO 412,4836 412.4836· O.COOO 
43.0778 -38.5~31 399.7737 396.2313 396.2313 o.ocoo 
41.6q25 -38,1194 383,7941 38C,3171 380,3171 OiOOOO 
41.0713 -37.7409 368.0899 364,6614 364,6614. O.OQCO 
40,4787 -37.4049 352,6050 349.2143 3~9.2143 - o.oooo 
40.0311 -37.1050 337.3006- 333.9404. 333.9404 o.oooo 
39.6853 -36.8353 322.1501 318.81~5 318.8145 o.oooo 
39.4054 -36.5925 307.1313 303.8166 303.8166 o.cooo 
36.4276 -3~.1492 293.5564 290.4615 290,4815. o.oooo 
33.1070 -33.1892 281.2241 278.4027 278.4027. o.oooo 
30.3053 -31.1882 269.8276 267.2177 267.2177 0.0000 
27.9391 -29.2668. 259.22~~ 256.7982 256.7982 o.ocoo 
25.8907 -27.455n 249.32~0 247.o6oH 247.0b08 · o.oooo 
24.0778 -25.7567 240.o5~3 237.9422 237,9422 o.o~co 
22.44,0 -24.1662 231.3702 229.3932 229.3932 o.oooo 
20.9550 -22~6753 223.2233 221.3731 221.3731 o.oooo 
19.5829 -21.2768 215.5787 213.8464 213.8464 o.oooo 
18.3122 -19.9642 208,4042 206.781~ 206.7818 ·•·· o.oooo 
17.1302 -18.7317 201.6698 200.1499 200.1499 o.oooo 
16.0283 -17.5741 195.3483 193.9244 193,9244 o.oooo 
14.9992 . .-16.4863 -· '•189.4140 ·188.0802 ·188,0802 o.oooo ....... ·.· .. . 
14.0372. -15.4639 '183~8432 ·-·182.5937" 182.;5931' .... o.oooo ,· 
13.1380 -14.5028 178.6128 177.4422 177.4422 o.oooo 

DB-MIN 
-.oooo· 

. .. ..• .. -· ·•·:· .............. ·~.-·H:"""'<;;"'' .. ·"" , ..•. , . ·,--:• ·: .. ~ :-" -: .,. •. ~- .... , .•.• • ~ • • • , ·· 4 • -·r· • · •. · 
···~····.;. ...... ..-:;; . .:,. ... --. ..: .... :. ..... ~ .•.. ·~--··-~- .. .:.-.-·--..~.o----···-- : .•... --··- .. ··- .. -.· .... . 

•••-' • ,•-•~••••• ' ~·· •• "i ·•• • • •w• ' ''"<"," ..,._ ,,, ..... ,,•·•~ ••• •••••• 

...... ····- "'-·-· ...... ',,:.. .~ ... ~· ······~·· . ...... ~: ...... ..: . .;.~~.-: .. -.. ... . : ..... -· ... - _,..;_, ... _ ·-· 

. .... ·'"' ·.~ -·· ··-·. ····~·-:~-···'"'1""· .. • .. --.-· •''t'"'• ..,..._,, -~-·- ... 

····-"··· .... · ......... '"'·-···· .. ..:. .. · .. -·~------ ........ ·., .. --· ~- ..... ·--····-· ... .. 

- • :. _,_ ......... ·., .. -~:-..... .... ·~ ........ •• --·· ... - • ..;< ••••• • ... ·-· ··-·-·"'··-. ·-·- • 

"·:··-· ·•·or· ........ · .• ,-· .... -7- ,._ ........... . 

-·····-·. ·-· ......... .. 

con'+) 

.. .. ..•. ..... ._.. 
f\) 

.... 
...... 
CD.. 



CtJIJt>U: ~0() ?. ('1AY-23o771 lH' IJA ft l ('1AY-23t77l ECL 
,. LOFT L:JC:: KU'~ F i.l< 1 ~ I'll .)C<i 140 
. UNIT~- BfUoiN,~EC,LSoO=G fAk 

t>l?LilJ•j,7~t00•l0.7'1~) 

. SlMi1H ~ ll TA~L E FJ~ or ~t: r l 

. OHCT TI!'IE \:'Tl D T2 012 I orzo TAIIE TA TB OT3 .. 1 O. O!lO:J -. 741d • 012 7 .vt27 -.U1ld 6oq.o05d 609.6069 o09.oOo9 o.oooo 
1 • 5 C C•) o.'J7Z4 -1.1744 9.17~4 -2.2)4o 60~.1~!il oo7.1943 oo7.1943 O.uJOO 
1 t. OJ 'JD 1';.'1214 t'I.Zu3J 19.2033 -4.9733 606.2:i94 604.32,1 b0'to3251 o.oooo 
1 l. 5:) co ~6.4Jl~ 2o.o-ln 2~.:.1:!27 -e:.OJ67 604.0523 601.2696 601.2696 o.oooo 
1 2.000.) 37.7'>3'1 3b.0704 31:!.0704 -11.2234 601.5d75 5-11:!.05S2 ';98.0::id2 o.cooo 
1 2. 5J ..;J 44.374.) 39.843.) 39. i34 30 -12.9116 ';99.9696 5-16.)087 596.50d7 o.oooo 
1 3. oc co 50.1124 't\).';314 40.:;.314 -14.29;,1 596.4796 5-15.1433 595.1433 o.oooo D\ Ou. 1-pu-\ ... 1 3. 50 CIJ '5. )707 41.0704 41.0704 -15.:ij5d 'J:n.OJd9 593.75do 593.75dd o.oooo 

f 1 4.0000 60.8~10 4 l. bO 2 ~ 41.6tJ28 -16.7371t ';95.5371:! 5-n. 3344 5-12.3344 o.oooo 
l 4.50()0 66.0ll3 42.l:J04 42.1~04 -l7.1:!H9 5~4. 0602 5·JG .I:! 737 590.1:!737 o.oooo 
1 5. 00 O') 71.0740 42. 1149 42.7149 -l:o.9uo7 592.5726 5t:l9.3t111:! 5::19.3!:118 0. 0000. _for IO In. p,,~ 1 5.5\lOJ 76.03~8 43.2944 43.29'·4 -19.9152 591.0723 5a7.o623 537.8623 o.oooo 
1 6. 0:1 c.o 80. •H 'H 4 3. tlool 43 .• 8>)61 -2o.en1 589.5576 5tl6. 3179 ';86.3ld0 o.oooo 
1 6.50CO d5.733o 4 4. 4Cl 73 44.4:i73 -21.8015 58 8. 02 7l 584. 7';04 584.7504 o.oooo 
1 7.0000 90.4-i74 4 5. 0~ 53 45-.097~ .-22.o913 !:ioo. 479o 583ol60tl 5d3.1608 o.oooo 

~ 1 7. 50 00 100.6190 52.5;68 52.';d68 -25.1992 5o3.8462 5"79.7505 579.7505 o.oooo 
r. l 8. 00 co 112. 18 34 60. 7l.07 60. 7?.07 -28 •. 0H5 580•856!3 575.9844 57';.9844 o.oooo .... -.... 

1 ~.50CD 124.5161 6;.610~ 63.6109 -31.1377 577.6325 572.0647 572.0647 o.oooo 
1 9, 0000 137.4402 7o.l:il7 76.1517 -34..3031 574.2047 568.0141 568.0142 o.oooo 
l 9.50C:i l~O.f!':j9J Jj.J~ltl d3.3jltl -37. 5506 570.5'100 5!>3.&335 563A 8335 o.oooo 
1 10.00C) 1~4.6~~-J '10.~371 <.JO. 23 7l . -40. 1:!:180 566,tD12 5:>9.';220 559.5221 o.oooo 
1 10. 50CJ 178.o:)<.J4 9o.o3~1 '16. t)j :01 -44.2072 562.8492 555.0807 555.0600 o.oooo 
1 11. oc 00 U3.4ub4 103.1714 103.1714 -47.5834 5';8.7435 550.5117 550.5117 o.oooo 
1 11.5000 20C.'lill5 109.2691 109.2691 -50.c:;744 554.4-120 54!:i.8171:1 545.8178 o.oooo 

._ .·· 1 1~.0000 2~ 3. 184b 115.1495 115.1495 -54.3713 550.1012 541.0017 541.0017 . o.oooo d -·.· 

I. 
l 12.50(1J 23P.3il34 120. :l305 120. ti305 -)7.7656 545.5775 536.0671 536.0671 o.oooo 
1 13.00CO 253.747<.J 126.3£88 126.32 t!l:! -61.1,08 540.9268 531.0176 531.0176 o.oooo ( 
1 14.0000 262.3445 111.7448 111.7448 -61.1491 535.7o16 527.5739 527.5739 o.oooo r . 1 15.0000 237.tl·J44 6o. 4')79 o6.4~79 -51'.4738 537.3159 533.561:!9 533. 56<.JO o.oooo 
1 16.000·J 221.7176 44.9302 43.il689 -44.9302 537.5di3) 535.4761 535.4761 o.oooo 

~- f l 1 7. ') 'J 00 2H. 3315 H.9423 31.3)19 -39.9423 537.3771 535.d750 535.il750 o.oooo .. 1 18.0000 198.9294 35.91o~ 23.8133 -35.c:;161:! 536.9533 535.bd47 535.6!147 o.oooo 
~ 1 19.00 00 1~Q.cll07 32. 5d90 18.9999 -32.::~890 536.4163 535.2426 535. 2426· o.oooo 
,.> 1 2;).0CC.O 1Rl.o1t17 z~.olZ4 15.8120 -29.13124 535.8141 534.6778 534.o778 o.oooo 
. I 1 21. oo en 174.2347 l.7.4-i77 13. 6:1'H -27.41177 73';.1613 534.0428 534.0428 o.oooo __, 1 2~. 000') l":J7.41)b; 2~.5367 12.1~61:! -2).5387 534.4712 533.3614 533. 3&14 o.oooo 
:._N) l 2 3. 000~ 161.2::>78 23.<;1032 llo2l50 -23.9032 533.7510 5:32.o453 532.64::..4 o.cooo 

1 .~4.00C:) 155.735~ 22.528~ l0o5o75 -22. !i2f:H 53 3. 00 5-3 53 1. 9C 1 d 531.9018 o.oaoo 
1 2 5. 00 00 150.2507 21.3715 10.1!:105 -21.3715 532.2392 531.13)4 531.1354 o.oooo 
1 26.00CO 145.3~67 2).3'i42 9.92o5 -20. B42 531.4542 530. 349'; 530. 34"15 o.oooo 
1 27.0000 140.tl234 i~.:.o5o 9. tH 74 . -19. !';!l5t!. 530.6530 57.Y,';466 52Y.)4o!l o.oooo 
1 23.J\:O 13o.ol33 13. ocv5 9.7981 -l8.o605 'J29.o377 52~.7295 528.7295 o.ouoo 
1 29.JOC·) 132.7\l:id 1:1.2';71 9.8427 -16.2:171 529.0097 527.89c:;3 527.13943 o.oooo. 

b 1 30. occo 12 9. Oo 15 1 7. 737d 9.9322 -17.7l7d 52d.l70o 527.0578 527.0570 o.oooo 
1 31.0000 125.67H 17.2i':l4 10.0,22 -17.2.:!::14 527.32h 526.2062 ';26.2062 o.oooo 
1 32.0000 122.517d Lb. o'1~>3 10 I 1 'I zo -16."3~!>1:! 526.46 35 52).3't58 525.3458 o.oooo 
1 33.00CO 119.;759 lo.:.53' 10.~439 -1o.SB5 525.5175 524.4776 524.4776 o.oooo 
1 34,00CJ 116.!:321 1o. z,o; 10.,.;17 -1o.2'jJ5 ';2.4.7244 5~3.6023 523.6023 o.oooo 
l 35.0000 114.271:1 15.9>,14 10.6612 -1;.'1H4 523.1:!4'4'~ 522.72ud 522.7208 o.oooo 
1 36. 000') 111.1:!d07 15.740d 10.1:!191 -15.7408 522.9597 521.&336 521. 8 33'8 o.oooo 

~ 

~ 
t 

- .... 4 ·: ... 

) 
.. 

, CfJl;PLE ·'10') 2 l'ihi'-23o77) UPiH TE 1 OlAY-2lt77t ECL ... 
llil LOFf L:JCt o(l)~ f .Ji! 10 I 'I ::.Crl l'tO ~LPtt1v•d.7:1t00•10.751Nt 
~ UNIT)- BT~ol'I•SEC·L~.D~G-FlR 

SL..'I :-.l;;. f :.ll T .\ O.L ': F;J ~ n T Sc r L .... , 0 TSt: T Tl'l~ :Hl iJ T2 or2r D T2J lAVE TA ra 013 ~ 1 37.00CO 1{)?.6<t73 1:-.,24:) 10.ct7J3 -D • .o245 522.0694 520.941!3 520.9418 o.oooo 
~ 1 J~.'):JQ) 107.~:H'l 1:'.328d 11.1219 -1:J.32b8 521.1746 520.0456 520.04';6 o.oooo 

1 3'1 •. ):)0() 1')5.6•)d-J L. 1'0-:l ll.2o40 -l:~.l:JOCl ';20.2757 519.1454 51'1.1454 o.oo~o • l 4:l.00C:> 103. 7d ~J .1.4. 'll:ll:l~ 11.3:)1)~ -14.9182 519.3732 'J1d.2419 518.2420 o.oooo . ....... 1 H. OC 00 ll3.'1J';1 2't.4162 2'to41[.2 -18.:3603 516.0277 513.6297 513.6297 ·o.oooo 
1 42.J:JOJ l30.0'JC4 4C.G72o 40.0726 -23,Z~b6 511.3203 507.';550 507.';550 o.oooo ....... 1 41. 00 0·) l45.0322 53.74l!:l 53.7418 -2do't477 5C5.9d29 501.1616 501.1616 c.uo~o 

Q) ) l 4 4. 00 00 1!>5.7127 63.9630 63. -1:,::-o -33.l739 500.4517 494.94<.J1 494.c:;4~1 o.oooo 
1 49. 01C~ 207.52;2 62.526~ 62.5269 -40.:..624 4:30.5711:! 475.6747 475.6747 o.oooo 
l 54.000") 222.2,77 ~7. 37c3 57.37e3 -42.Zi:.27 463.044~ 458.5950" 458.5950 o.oooo 
~ ??·Q~QQ n~·:Pl_!~ ~~·~Q99 2~-~~99 -~?·?~!~ ~~~·~?~~ ~'?·!~Q~ ~H·~~Q~ Q·QQQQ 



. ~ijlJilLt ~":Of) ( t~H{-l Jo71! \.11-'Jo\ TE 1 UIAY-2 31771 
LOFT LJCc ~•J'l FJR 10 1"1 :)C:-1 l'tO f>li'dlua:S,7!lo00=1C.7~iNJ 
UNITS- df~,I~•SEC•L~.O~G F~i 

ECL 

S~~~Akf )1 l~~L~ ~0~ DTSi( l 
JTSET Tl"[ ~Tl 

1 37.0~CO 10~.6473 
l 3~.)~0~ 107.~)~9 
1 )Q,JOOO 105.60d0 
1 4~.0~CJ 103.7~2J 
1 4 l • 00 00 11 3 • 9 -1 ::.. 1 
1 42.oooo l30.0o04 
1 4 3, 0 0 C·) 14 5. 0 3 2 2 
1 44.C000 1~5.7127 
1 49.0100 ~0?.52j2 
1 54.0JOJ 2~2.2)77 
1 59.0JCO 233.534~ 
1 ~4.00CJ 240.0494 
1 69.0000 243.7~2b 
1 74.00CO 245.761~ 
1 7~.:JOGO Z46.-/-1bd: 
1 94.0000 247.1210 
1 S'f.•)OCO Z<o?.l3d0 
1 ~4.0000 2't6,96G~ 
l ~q. :)0 C·J 24 6, c':d 2Co 
1 10,.0000 241.~47~ 
1 10Q.noco 233.4375 
1 114.0000 224.102~ 
1 119.0003 214.£704 
l 124.0000 204.3351 
1 129.0GCO 194,5l19 
1 13~.occo 1~4.G~91 
i 13Q.OOCJ 175.722~ 
1 l44.00CO l'J6,o'db 
1 149,QOCO 15~.3351 
1 154,QOCO 150.2111 
1 159.oooo 142.4oo2 
1 164.0CCO 135.0923 >r 1 1?9.0000 128.07!!3 

I- 1 174. OOCO 121.4112 
~U~~ENT EXTRE~E VtLUE~ ARt 

OT1-MAX OT1-MIN OT2-M~X 
262.3~45 -.7418 126.32&~ 

DT2 
lj.)245 
15.32rld 
15. 1:10? 
14. ~tll:!2 
24.'tl62 
40,0726 
j3.hli:! 
63.'1o30 
62.5261 
'J7.37tl3 
53.3000 
50.4711 
46.)700 
4 7. 3002 
46. 44.:l3 
~).d703 
4).4723 
l.t5.l9d7 
4). 00 ~7 
41.'1:.4!i 
3d.~572 
36.2579 
34.3430 
32.:H71 

. 30. 7d63 
2 'l, 1541 
27.6094 
26.1491 
24.7678 
23,'toOU 
22.2211 
21.0471 
19.9343 
1&.8794 

OT3-MAX 
• (;000 

or2r 
10.9733 
11.1219 
'11. 2640 
11.3969 
24.'<162 
40.0726 
53.7416. 
63.9~30 
62.5269 
57.3763 
53. 3uoc: 
50. 't7ll 
41!.5'100 
47. 30\JZ 
46.4481 
45,8703 
4:5. 4 7 2 3 . 
45.1937 
45.0057 
41.9~45 
38.4572 
35.4o6o 
32,9305 
30.73~6 
28. 7~7b 

· 21.o:1n 
25. 4olb 
23.99:-9 
22.6350. 
21.36£»8 
20.17-.1 
19.0592 1a. oo.:,7 
17. OH3 

OT3-MlN 
-.oooo 

OT2u . r AilE 
-15.5245 522.0694 
-15.3286 521.1746 
-15.1~08 520.2757 
-14.9~82 519.3732 
-18.3603 516.0277 
-23.2586 511.3203 
-2o.4477 ?05.9o29 
-33.2739 500.4517 
-40.1o24 4d0.571o 
-42.2627 463.0449 
-42.7614 446.6791 
-42.6875 430.9984 
-~2.4)87 415.7600 
-42.2130 400.8234 
-41.9945 386.1021 
-41.8095 371.5424 
-41.654o 357.1102 
-41.)251 . 342.7798 
-41.4152 328.535~ 
-40.0977 315.5~B9 
-3tl. 2205 .. 303.7420 
-36.2579 292.7111 
-34.3430 282.3687 

. -32.5171 272.6348 
.-30.7883 263.4515 
-29.1541 254.7740 
-27.6094 246.5655 
-26. 14 91 238. 7~ 39 
-24.7678. 231.4330· 
-23.4600 224.4':194 
-22.2211 217.8518 
-21.0471 211.5~06 
-19.9343 205.6576 
-18.6794 200.0355 

.. - :· ~ . .,.,.': 

.·..; .. 

TA 
520.9418 
520.0456 
519.1454 
51d.2419 
513.6297 
507.5550 
701.1616 
494.94'11 
475.6747 
458.5950 
442.4tl06 
426.9491 
.. 11.8045 
396.9296 
392.2::102 
3o7.720l 
3)3.3094-
338.9940 
32 ... 7607. 
3l2oO!Ill 
300. 4Hj 
289.6698 
2B.5184 
269.9548 
2o0.926" 
252.3917 
244.3161 
236. 66tlil 
229.4246 
222.5607 
216.0:i63 
209.8926 
204.0516 
198.5164 

TS 
520.9418 
520.0456 
51~.1454 
518.2420 
513.6297 
507.')550 
501.1616 
494.94~1 
47':1.6747 
4'Jt!,59'JO 
442.4606 
426.9491 
411.8045 

U~: ~~~~ 
367.7201 
353.3094 
336.9940 
324.7607 
312.0611 
300.47'15 
21:!9.6698 
279.5184 
269.9548 
260.9264 
252.3917 
244.3161 
236.oooc! 
229.4246 
222.,607 
Zl6.0j63 
209.8926 
204.0516 
198.5164 

013 
o.oooo 
o.oooo 
o.oooo 
o.oooo 

. o.oooo 
o.oooo 
o.co~o · 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o. 0000 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 

.. , 

con'+) 
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·.,; COUPLE 1".00 2 IMAY-23,77~ UPDATE l (11A\'-23,77) ECL 
·t LOFT LOCE RUN fOR 12 SCH lbC PI E (10•1C.1Zt,OD•l2.751Nl 

UNITS- BTU,{N,SEC,LB,OEG FAR 
SU.'1/'!ARY OT TAliLE FOR DTSET 1 

· OTSET TI14f DTl OT2 OT21 OT20 TAVE TA TB OT3 
1 c. coco -.'1841 .0189 .0189 -.0175 609.4782 b09.4H7 c09.4797 o.ocoo 
1 .5000 5. 73 30 9.1~711 9.1~79 -2.0436 608.11)07 607.1648 607.1648 o.occo 
1 1.COCO 14.3036 19.741€' 1<1. 7418 -4.6314 bOb .4 892 604.3719 6C4.3719 o.ocoo 
1 1.5000 23.7692 3o.2e77 30.2677 -7.4614 604.560, 601.4364 601.4364 o.occo •. 1 z.oooc 33.9011 40.5354 40.5354 -l0.44Ze 602.4958 59e.4148 596.4146 0.0000 
1 2.5000 39. ,, 87 43.52~3 43.;2;3 -12.0016 601.2258 597.0568 597.0561! o.oooo 
1 3.COOC 44.3?44 45.1234 45.1234 -13.2719 600.0982 595.9736 5'05.9738 o.oooo 
1 3.5000 48.9610 46.4326 46.4326 -14.4654 598.9882 594.909(: 594.9096 o.oooo 
1 4.0000 53.50t7 47.6667 47.tb67 -15.6226 597.8721 593.8195 593.8195 o.oooo 
1 4.5000 58.0192 48.66'15 46.6695 -16.H25 596. H52 592.6980 sn.6980 o.oooo DT Ou+ put 1 5.GOOO 62.5071 50.0522 50.0522 -17.65.8 3 595.6061 591.5469 591.5469 o.oooo 
1 ~.;oco 66.97!;2 51.21!:4 51..2184 -18.9419 ?94.4540 590.3669 590.3669 o.oooo i. 1 t.cooo 71.4271 52.3697 52.3697 -20.J046 5~3.2884 589.1662 5!!9.1662 o.oooo 
1 6.5000 75.865b 53.5066 53.. :06b -21.0478 592.1038 587.9410 !187.9410 o.ocoo tor \2 ~lfe 1 7.0000 80.2933 54.6297 54.6297 -22.0727 590.9151 586.6948 51i6.6948 o.oooo m. r· 1 7.5000 89.70f2 62.5992 62. 5992 -24.6143 588.7427 583.7020 583.7020 o.oooo 
1 e.coco 100.4-/2~ 71.6092 71.6092 -27.5304 586.26EO 580.3374 580. B74 o.oooo 
1 8.~000 111.8752 80.5b66 so. ,866 -30.5974 583.6225 576.6520 576.8520 O.OGvO 
1 9.cooo 123.7503 89.3401 89.3401 -33.7627 580.8362 573.2880 513. 28b0 o.uooo .. 1 9.~(100 136.0346 97.8435 97.E435 -37.0065 sn.no2 569.6503 569.6?03 o.oovo ...... 1 10.0000 14R.b861 106.1020 106.1020 -40.3154 574.8819 5t5.9375 565.9375 o.oooo 
1 1C.50CO 161.6699 114.1277 114.1277 -43.6788 571.7274 562.1479 562.1479 o.oooo. 
1 u.ooco 174.9551 121.9339 121.9339 -47.0872 5t3.4623 556.2803 558.2803 C.GCOO -- 1 11.50CO 188.5139 129.533b 129.5338 -50.5322 565.0914 5~4•3343 5~4.3343 o.ocoo 

~ l 12.0000 202.3211 136.9402 136.9402 -54.0067 561.6195 550.3100 550.3100 o. oooo·. 
1 12.5000 216.3573 144.1667 144.1667 -57.5048 !i58.0500 546.2074 546.2Ci74 o.oooo - 1 13.COCO 230.60Cti 151.2225 151.2225 -61.0205 554.3870 542.0277 542.0277 o.oooo 

. L 1 14.0000 239.2818 139.0914 139.0914 -61.8805 550.7565 540.12~8 540.1248 . o.ocoo 
1 15.0000 221.0812 96.99b4 96.9964 -54.6230 552.4072 546.3812 546.3812 o.oooo .... --·#·-- . 

• I • 1 16.0000 209.4686 72.16b2 72 ol682 -49.6253 552.9749 549.2162 549.2182 o.oooo 
l 17.COOO 201.15<i5 56.5966 56.5966 -45.819<> 553.02t12 550.3934 550.3<J34 o.oc.oo 
1 18.COOO 194.6402 46.2603 46.2603 -42.7119 552.8234 550.7457 550.7457 o.oooo 

'j:. 1 19.COOO 189.1843 4u.Gc15 39.0560 -40.0615 552.4798 550.6606 550.6806 o.oooo ._, 1 20.0000 184.424? 37.745b 33.8325 -37.7458 552 .055L 550.3965 550.3965 o.oooo .__. 1 21.00CO 1E0.1622 3'),69t0 29.9275 -35.6960 551.5785 549o997.1 549.9<J22 o.ocoo 
~ 1 22.0000 176.7.611 33.to9e 26 .. <J401 -33.86<J8 551.0662 549.5178 549.5178 o.oooo 

1 23.COCO 172.7079 32.2378 24.6153 -32.2378 550.5274 548.9998 548o'i998 o.cooo 
1 24.0000 169.3422 30.7779 22.7tl36 -30. 777<J 549.9680 548.4524 548.4524 o.oooo 
1 25.0000 166.2979 29.4716 21.3275 -29.'t7l6 549.3921 547.8837 547.8838 0.0(;00 
1 26.0000 163.3973 28.3033 20.1633 -28.3033 548.8024 547.2'0!!6 547.2988 o.ocoo 

I 
.. 1 27.0000 160.6688 27.2588 19.2290 -27.2581i 548.2011 546.7007 51t6.7007 o.oooo 

1 28.0000 158.0947 26.3255 18.4782 -26.3255 547.5897 51t6.0917 546.0917 o.oooo 
. l 29.COOO 155.66G7 25.4917 17.87:12 -25.4917 546.9697 54~. 4132 545.4732 o.oooo 

~ . ~ 
1 30.0000 153.3545 2r..747o 17.3920 -24.7470 546.3419 544.8465 544.6465 o.oooo 
1 3l.GOOO 151.1657 z; .os11 17.0066 -24.0817 545.7073 544.2126 544.2126 o.oooo 
1 32.0000 149.0855 23.4871 16.7015 -23.4871 545.0666 543.5723 543.5723 o.oooo 
l 33.0000 147.1(158 22.9555 16.4623 -22.9555 544.4203 542.9262 542.9262 o.oooo 
1 34.0000 145.2199 22.4797 16.2775 -22.4797 543.7691 542.2749 542.2749 o.oooo 
1 35.COOO 143.4216 22.0535 1bo1376 -22.0535 543.1134 541.6190 541.6190 · ·o.oooo 
1 36.0000 141.7054 2L.67i0 lbo0347 -21.6710 542.4536 51t0.9588 540.9588 o.oooo 

~ -

~~< .. ..- .. ~ --· ..... 

~· ' .~ .. ·-· ~·. ·~ ~ ..... ·--· - .. 

CiJUPLE M!JO 2 (MA\'-23,77) UPOA TE 1 (11AY-23,77) ECL ·r-
~ LOFT L DC E RUN FCR 12 SCH 160 PIPE (!0•10.126,QD 2 12.7~1N) -..... UNITS- BTU,IN,SECtL8,DEG FAre 

"' SUMMARY DT TABLE FOP. DTSET 1 ..... OTSET TIME DTl OT?. DT21 OT20 TAVE TA T8 OT3 
~ - 1 37.0000 140. 061;:3 21.3273 15.9623 -21.3273 541.7901 540.2948 540.2948 o.oooo .,._ 

1 38.0000 131!. 49'18 21.0160 15.9152 -2.1.018(; 541.1232 53<f.6213 539.6273 o.ocoo !\.) 1 39.0000 137.00 1 d 20. 73e9 1?. eHs -20.7389 540.4~31 538.9~66 538.9566 o.ocoo 
1 40.CvCIJ 135.561-4 20. 4tl66 15.8 7 93 -20.4866 539.7802 538.2830 538.2830 o.ooco 

) · .. 1 41.C'OOC 144.0:,0~3 28.1ob42 2~.4642 -23.3417 537.0848 534.2691 534.2691 o.oooo ..... l 42.00CO 158.5728 45.0761 45.0761 -27.7144 533.2453 528.ri272 528.8272 o.ocoo 
1 43.0000 174.5<>!7 60.E021 C(j,tJ021 -32.50c7 528.9071 523 ollo4 523.1164 o.cooo ..... . 44.(,000 190.43 E6 13.5399 73.53<.9 -:7.0980 524.4607 517.6'121. 517.6921 o.ocoo .. 

Q) , l 49.COGO 226.36 72 78.3241 7d.324l -4,.4025 509.1642 502. H09 502. 7<109 o.oooo 
1 54.COOO 24Q.15Ci8 75.5601 7';.5601 -49.3294 495.7027 489.8219 lt89.82l9 o.ooco 
1 59.0000 265.4016 72.3562 72. 3!162 -51.3639 483.0525 "77. 4605 471.4606 o.oooo 
1 blo.l'(':(l{) 777.MCf:o 6~.7717 69.77l7 -~Z,lj!HP '!?Qtfi22J. ~~~!~~H ~~~~H~~ o.oooo 

A ~066 



COUPLE HOD 2 (~AY-23,77) 
·LOFT LO:~ RUN f[2 12 SCH 16C PIPE 
UNITS- BTU,IN,StCoLB,OEG FA~ 
SUMMARY DT TABLt FOR CTStT 1 

·OTSET TI~E 011 
1 37.0000 140.16t3 
1 3e.0ooo 13~.49~6 
1 39.0000 137.00lt 
1 4C.OOCO 135.56~4 
1 41.COOC 144.4033 
1 42.~000 156.5723 
1 43.COOO 174.5917 
1 44.~000 190.43E6 

·1 49.COCO 226.3672 
1 54.cooo 249.l;co 
l 59.0000 265.4016 

E' 1 64.COGO 277.64C6 
1 69.00CO 2B7.19t3 

>;'' 
;,. 1 74.0000 294.8847 

1 79.l000 301.2319 
1 P,4.COOO 306.6018 

1:. 1 89.COOO 311.2520 
1 94~~000 315.3~59 
1 99.~0CO 319.0769 

.,_.. 1 104-.:lOQ(j 318.1677. 
1 l09.COOO 3l4.lt~3 

,_ .. l 114.0000 308.6072. 
"'· 1 119.0000 302.0456 
r 1 124.0000 ?.94.~729 
~- 1 129.COOO 2~7.334a 

1 134.~000 279.6000 
1 l39.oooc 271.7boO 

~- 1 144.0000 263.9818 
1 149.0000 256.239~ r· 1 154.0000 248.60CZ 
l 159.0000 241.0941 

~ 1 l64.00CO 233.744l 
- 1 169.COCO 226.5625 

r 1 .174.0000 219.5588 
·CURRENT EXTREME VALUES ARE 
·a;, OTl-MAX DTl-I'IIN DT2-MA X 
, 1 319.0769 -.9841 151.22a'5· 
.-.. 
bt 
.fL. 

:.!:~ .. 

. C.~· 
·r • 

r" 
'-· 

DT2 
21.3273 
21.016C 
20.7389 
20.4866 
28.4b42 
t.5·.07C1 
60. 0 \i21 
7l.53C,9 
7!!.3241 
75.5601 
72.3,62 
6S.77l7 
b'i. 1!750 
65.5569 
65.6eb!l 
65.1o3b 
64.69~1 
6-'1.8151 
6 ... f:lb39 
61.7304 
:i1.e06tl 
54.26~3 
5!1..2292 
48.~6~8 
46.607~ 
4'5.2445 
41.7394 
42.2908 
40.1!966 
39.5553 
36.2629 
37 .Cl63 
~5.812& 
~.4.6502 

DT21 
15;9623 
15.9152 
1;.€61:6 
15.6793 
28.4642 
45.0761 
t0.6021 
73.53C,9 
76.3241 
75.5601 
72.3,62 
69.7711 
67.875t. 
66.5569 
65.b&8€i 
65.1638 
64.t95: 
c4.B15j, 
64.6t39 
61.730 .. 
~7.tl06:l 
54. 26B 
51.2292 
48.5658 
46.2173 
44.119~ 
42.2216 
40.4855 
3d.8624 
37. HOO 
35.9905 
34'.6699 
33.4119 
32.22!:5 

ECL 

DT 20. 
-21.3273 
-2-1.016C 
-20.7369 
-20.4866 
-23.3417 
-27.7144 
-32.5067 
-37.0980 
-45.402; 
-49.3294 
-51.3639 
-52.4!l37 
-53.17!l1 
-53.6683 
-54.0761 
-54.4553 
-~4.8306 
-55.2099 
-55.5965. 
-;4.1lll3 
-53.36tl5 
-51.7636 
-50.0875 
-48.4256 
-46.8075 
-45.2445 
-43.7394 
-42.2908 
·-40. !1966• 
-39.5553 
-38.2629 
-37.0163 

. -35.8128. 
-34.6502 

lAVE 
541.7901 
541.1232 
540.4531 
539.7802 
537~0848 
533.2453 
528.9071 
524.4607 
509.1642 
495.7027 
483.0525 
470.8561 
458.9354 
447.18b8 
43~.544() 
423.9t.58 
412.4207 
400.8876 
389.3524 
378.7907 

. 369.0'101 
359.7740 
350.9855 
3lt2.5847 
334.5297 
326.7892 
319.3380 
312.1561 
305<2269 
298.5360 
292.0717 
285.8235 
279. 7824• 
273.9403 

TA T8 OT3 o.oooo 
o.oooo o.oooo 
o.oooo o.oooo o.oooo 
o.oooo o.ovoo 

540.2948 540.2948 
539.6273 539.6273 
538.9566 538.C,566 
538.2830 538.2830 
534.2691 534.2691 
528.8272 528.8272 
523.1164 523.1164 
517.6921 517.6921 
502.7909 502.7909 
489.8219 41!9.8219 
477.4605 477.4606 
465.4254 465.4254 
453.5947 453.5947 
44l.e939 441.8939 
430.2729 430.2729 
418.6975 418.6975 
407~1438 407.1438 
395.5935 395.5935 
384.0340 384.0340 
373.7330 373.7330 
364.2~08 364.2~08 

"355.2645 355.2645 
346.6885 346~6685 
338.4746 338.4746 
330.5882 330.5882 
323.0019 323.0019 
315.6938 315.6938 
308.6458 .308.6458 
301.8429 301.8429 
295.2717 295.2717 
288.9213 288.9213 
Ze2.7820 2&2.7t!20 . 
Z76.;8453 ... 276.8453 ·· _ .. 
271.1032' 271.1032 . 

·o.oooo 
o.oooo o.oooo o.oooo o.oooo 
o.oooo o.ocoo o.oooo 
0 .oooo 
c.oooo 
o.ocoo 
O.OvOO 

·8:8888 
o·.ocoo 
o.ovoo · o.oooo 
o.ocoo 
o.oooo o.oooo o.oooo· o.oooo o.oooo o.oooo o.oooo o.oooo 

... :-· ~ ...... -····· ~. ·-.- ... -- ··--:-····· ..... ~····· .-·~·· . ., .................. ··- .. ----
···· _ ........ _ . .,_ ............ ···-····----~-~· .. 

.· ~ .. ~ 

_,.,;..,,i. 

··-----~ 



. '· 

(I') 
(I') 

LaJ 
z: 

-
::> 

lX
I 

Q
. 

0
: 

0 
>< 

u 
0

: 
.... 

-
LaJ 

I 
C

l 
LaJ 

t-
lX

I 
z
: 

:I: 
::> 

LaJ 
u 

Q
. 

Q
. -

::::e:: 
Q

. 
L

L
 

0 
<

 
0 0

: 
,U

 

u 
L

L
 

-
0 

::::e:: 



· :. ·.· L TR 112. 1 1 8 .. 

. ' •. 

The following ·are complete copies of the 6, 8, 10, and· 12 .inch 

Primary Coolant piping thermal analysis computer runs~ 

.. · .. 

(See Distribution) 
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