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OBJECTIVE OF CALCULATION

‘T'he objective of this calculation is to determine the maximum flow rate through line #183 for the

tollowing scenario: .
A total loss of all the weld around the first elbow on line #183 off line #1585 for the high head recirc

mode,

CALCULATION METHOD/ASSUMPTIONS

An analytical flow vs. head loss calculation is made using Cameron Hydraulic Data methods.

2

3.

Because of the low flow calculated for the small leak area, only the losses associated with the flow
within the elbow/pipe joint will be considered.

. The calculation assumes a conservative value for pressure at the elbow by not including any systen

friction losses .
The differences in density and viscosity of pure water and 2000 ppm borated water are assumed to
have no effect on the flow.

DESIGN BASIS AND REFERENCES

The design basis is not applicable for this calculation.

I. Cameron Hydraulic Data, 1977.

R

’iping Handbook, Crocker & King, Sth Edition.

CONCLUSIONS

The calculated flow for loss of all weld is 0.75 gpm.
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Calculate maximum flow rate through 2” line #183 for loss of all weld around ¢ibow.
(See Figure #1. page 8)

Use hy = K V?/2g for the areas along the flow path (i.e. at the

entrance, the “reducing elbow,” and exit)

and Iy = 0.002083L (100/C)"*q"*/d* ™% for the friction loss along

the arca inside of the elbow,

where.,
h; = head loss, in feet,

K = Iriction coefficient for losses at piping anomolies,

V - veloeity of flow, in fi/sec,

& ~ aceeleration of gravity, in ft/sec?

.= lgngh of pipe, in feet

"= roughness constant for type of pipe
q = flow, in gpm-

d = diameter of pipe.

o]

So. for our case, in the direction of the flow, ,
h Kon Veu/2g + Keip Ven 128 + Keet Vea /28 +0.002083L (100/C)'#°q" #/d**% + K., V.2

Combining,

Ref. 1. p. 3 102

Ref. 1. p. 3-7

i =2 (Ko + Kan + Krea) Ven*/2g +0.002083L (100/C)"*'q"*/d**5S 4 K i Vexi/28. (Eq. 1)

Ulse,
K. = ().5,
K‘-“\ = ()8 l .

Kia = 0.5(1 - dwi/di?), )(Eq. 2)

and.

Kv'\ll =1.

Ref. 1. p. 3-108
Ref. 1. p. 3-104
Ref. 1. p. 3109

Ref. I, p. 3-108



CON EDISON CALCULATION/ | CALCULATION NO REV PAGE Tor
ANALYSIS SHEET FPX-0013%-00 00 s 8

PRIPARER/DATE RE CLASS
1. Kabail W M’o/?: ‘;ﬁ:"‘i"’m@:—\l@ﬂ A
SUBJECHTITYE RS PROJECT NO

Maximum I‘low Rate Through Line #183,

MOD NO REV
N/A

Since we are actually dealing with an annular space essentially between to different diameter pipes, we
wint 1o use the hydraulic diameter, Dy, to calculate the equivalent pipe diameter for the loss of weld
aren (i.e, d. from Eq. 1). And since we know that,

D, =4R,,

and

R, = Arcia/Wetted Perimeter
- [/4 (dy* - dit)n(d; + dy)

“(ds + dy)(dz - d, )V4(d; + dy)
_((ly d|)/4,

where. d, = 2.416" for the inside diameter of the 2” elbow, and d, = 2.375" for the outside diamcter of
the 27 pipe.
So. the hydraulic diameter,

1 =4R,
=4 (dx - d|)/4
= d:’ - dl .
=2416-2.375" Ref. 2, p. 7-4%.49
=0.041”, or 0.00342 ft
“d =dy

This valuc will be used for d in Eq. | for the friction loss of the flow between the pipe and elbow.

Lor L. 2, since this is effectively a sudden contraction from the annulus area between the end of the 27
pipe and the butt of the elbow insert (defined by welding procedures as 1/16”) to the annulus between
the pipe OD and elbow ID, we can use the two hydraulic diameters for this calculation. Although the
1/16™ gap is not oriented properly to be able to use a large and small radius/diameter. it can be closely
approximated by using the value similar to that just calculated. That is, (see Fig. #1) since the space
between the pipe OD and elbow ID and the gap are similar, ,
then we can say,
- d)V/2=1/16", or
ds-dy = /8™

= 0.1257, or 0.01042 ft

- dll.‘.
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So, for Lig. 2,

Kt =0.5(1 - dyy¥dia?)
=0.5(1 - 0.041%.125%
= 0.5(1 - 0.1076) = 0.5(0.8924)
=).4462.

Which gives us for Eq. 1,

b = (Koo + Kem + Kest) Veo'/2g +0.002083L (100/C) **q" ™/ dyy**% + Kopie Voril2g
hi (0.5 +0.81 + 0.4462) Vo, '/2g +0.002083L (100/C)"#*q"% dyy, %55 4 (1) Vo /28,
- 17562 V.. */2g +0.002083L (100/C)"*q"*/ dw,“**** + V.., /2g. (Eq. 3)

Now. for the velocity of the flow at the entrance and exit, we can use

V. 0.4085¢/dy’ (Eq. 4)

where.

dyi = the hydraulic diameter for that portion of the “pipe.”

So. by substituting Eq. 4 into Eq. 3 for each V, we get,

h|

1.7562 (0.4085q/dy,)"/2g +0.002083L (100/C)' '™/ dy,**% + (0.4085¢/dy, /2

= 1.7562 [(0.4085)’q*/dy,"}/2g +0.002083L (100/C)"**q"*/ dy,***** + [(0.4085)%q¥/dw," |/ 2z

= 1.7562 (0.1669)q*/[(0.125%)2(32.174)] +0.002083L (100/C)"*5q"*%/ dyy* " +
(0.1669)q%/((0.04142(32.174)]

~ 18.76 ¢’+0.002083L (100/C)'*q"*% dyry**** + 923 ¢*.

From Fig. #1,
[. =(5/8-1/16"V/12
= (0.625 - .0625)/12
- (0.5625)/12 = 0.04688".

Since this is not new piping, use C = 100.

So.

h = 18.76 q° + 0.002083L (100/C)"*q Y dyy,*** + 923 2.
= 18.76 ¢ + 0.002083(0.04688)q"*/ (0.041)*%% + 923 ¢

- 18.76 q* + 548.5 ¢'** + 923 ¢?
= 941.8 ¢* + 548.5q'%.

Ref. I, p. 3-8
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Since the shut-off head for the RHR Pumps is 150 lbs,
assume pressure inside the VC is 50 1bs, and
becuuse the pipe is located higher than the full sump (77’ - 517),
wce can conservatively say hy = RHR Pump discharge pressure + Maximum VC Pressure + Elevation
differences,
or by, =150 Ibs + 52 lbs + (51" - 77°)
=202 Ibs - 26’
=202 (2.46) -26
=497 -26 =471

Which gives us the following:
ATI =941.8 g° + 548.5 ¢'*.

However, the Hazen and Williams formula for friction loss _ Ref. I,p. 37
assumes water at 60°F. As noted in the reference, the friction for water can

decreiase as much as 40% between 32 and 212°F. Thus, to account for the

increased (cmperature of the water in our case (260°F),

(260 60)/(212-32) x40% =

200/180 x 0.4 =

0.444, say 44.4%.

So., .
460 = (1.00-0.444) (941.8 q* + 548.5 q'™)
466 = 523.64 ¢° + 304.97 ¢
Substtuting for q by trial and error, we get

q = (.7388 gpm, say 0.75 gpm.
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