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th* primary pressure relief valv* to open.

-1-

to A9O°F.
atur* of th* | 

vtlut of AAO°

no2

is*r, and th* pressure

top of th* preesurlaer.

diac, from th* iwrmi operating pressure of 1200 pels, 

automatic MMI aimala co pri»ry pressure and timpirature, a*

Th* purpose of thia analysis was to determine th* time required for blow

down of th* primrjr system when th* ruptur* diac fails, and th* affect of blowdown 

oo th* control rod* during scran. Th* ruptur* diac la located in a to* at th* first 

bend of th* V pip* leading from tha 12- primary circulating pip* to th* pressurise:. 

Thia V Un* la connected to the primary loop on th* diacharg* aid* of th* reactor cor* 
« 

Tha ruptur* "diac" will actually b* either

1) A welded thick diac with a smchin«d groov* Just in*id* th* periphery of 

the A" schedule 80 pip* wnlch la designed to fall In direct shear at 2000 pole or

*) A capped stub of A" schedule 80 pip* with a turned groove on th* out- 

reducing th* t hie Jen* as locally to a value designed to Call at 2000 pal*.

Tha 2000 pel* prims i j preaaure la postulated to occur a* a result of mal

functioning of tha control rod electrical control system, causing th* average teaper- 

priamry coolant throughout th* loop to build up from a normal full load 

In doing ao tha mter expands and rises up into th* preasur- 

ria* 1* tha result of gaaeoua compression of tha steam in the 

Of course, to reach th* 2000 pels setting of th* rupture 

would require failure of th* 

well as failure of

- . _____________
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The

’ k** la the leentropic

case.

rupture
disc dunryr thia step.

(1)

under analysis is so short

between the two quantities of water.

at all times. The

L3bofJ

The steam thus trapped in the pressuriser undergoes an adiabatic isentropic 

compression and therefore becomes superheated steam, with 52°F of superheat, 
compression of the SL«*a follow, th. law Pv" - constant, where 

expansion exponent, having an average value of 1.248 in this case. When the rupture 

disc fails, the superheated steam in the pressuriser will expand adiabatically and 

isentropic ally from 2GOO psia dcwn to 12OC psi*. The volume by which the steam re

expands in this step equals the original volwmtrie expansion of th. primary coolant, 

and this is the volume of 490°F water which must be discharged through th.

This process takes 190 milliseconds.

The entire primary ar stem can now be conveniently divided into three 

Th. entire primary loop of 49O°F water with a voliaee of 164.5 ft3 

in the pressuriser leg. (2) The volume of 9.5 ft3 

567°F, and (3) The volume of 22.9 ft3 

1200 psia. The 9.5 ft3

parts!

plus 1.23 ft3

<*T water in the pressuriser leg at 

steam at 567 F, saturation temperature at

^al-aF Is normally maintained at a higher temperature ♦ hen 

th. remainder of the Primary circuit by the action of the heaters located in the 

pressuriser inlet pipe. The elapsed time for the event 

that no appreciable heat transfer will take place

Upon a discharge of water from the system, with a corresponding pressure 

drop, ths saturated steam in the pressuriser will undergo further isentropic 

An inspection of a temperature-ent ropy diagram or a Mo 111. r chart will indicate that 

a portion of the steam upon expansion will become wet and momentarily condense out of 

the steam as saturated liquid. However, the above conditions are based on the 

assumption that the steam In the pressuriser and the liquid adjacent to It in the 

pressuriser leg are exactly at the same pressure and temperature



steam at the end of each increment of pressure drop la wet and can be considered to

As this

the rupture diac.

The

The total

seconds.
of 16A.5 ft5 in

vapor generated t hr cutout the system.

MH

into steam due tc pressure drop.

flashed steaa is always entrained in the liquid resulting in a hcmcgeneous mixture of 

the time required being too short to allow gravitational

the slug of 9.5 ft

The basic assumption of this analysis is that the

ard entrained vapor, both at the seam pressure and temperature.

the primary loop will experience a volumetric change due to the change in specific

voluem of compressed sub—cooled liquid, but thia change la so small it can be

It io of interest to note that before the pressure gets down to 620 psia,

rupture diac or flashed over into steam.

the pressure range between 820 and 620 psi a, the remaining volume of steam will expand 

and be discharged from the rupture disc in a relatively short period of tins.

method of ralmisting blowdown involved in this analysis is recorded in the appendix.

cumulative time for blowdown from 2000 psia to 620 pals is only 0.572

vapor bubbles and liouid, 

It can therefore be concluded that in the pressure range of 1200 pslh 
o_ - ._

separation.

down to 620 pels, which is the saturation nressure of 490~F water, the isentropic 

expansion of the steas in the pressuriser will govern the volume discharge through

The volume expelled in this pressure range is composed of water

The 490°F water in

bo composed of X pounds of steam and (1-X) pounds of saturated liquid.
? of saturated liquid at 567°F is flashing overprocess continues,

neglected.

all the water in the pressuriser l»g will have either been discharged out of the

This point occurs at 82C psia; therefore in

At this point in the analysis, the entire remaining volume 

the prismry loop at 49O°F is at its saturation pressure (620 psia), and the discharge 

from the rupture disc will now bo governed by the pressure drop and the rate cf flashed 

The trapped volume of steam in the pressurise*



circuit, will have wry littl* effect on ths performance of discharge from the prl- 

■mry blowdown as its pressure will simply follow the pressure dictated by the prl-

The same method of analysis is used in this pressure range aa pre- ■ary blowdown.

The blowdown of the primary loopvloualy referred to, outlined in ths appendix.

In the range of 28Cto calculations, 468 pounds of water and 101 pounds of steaa.

thermodynamic relations become so involved that to make any further calculations 

would glw unreliable results, without a ■acre rigorous swthcd of analysis than used 

hero, in order to take full account of the recoadenaatlon cf the growing body of steam.

The curve of Figure I shows pressure and weight-dis charge versus tins for the blowdown.

The curve of pressure versus ties nay be extrapolated to account for blowdowa free 280 

pels to atmospheric pressure and the extrapolated curve indicates a total emailstive 

blowdown time of approrlnately 11.0 seconds.

Free the standpoint of total tins of blowdown, it can be concluded that a

4" rupture disc is sufficiently large to permit c assists bl owl own in an wcceiAablo 

tias interval.

Since ths rupture disc is located in the discharge pipe free the reactor.

it is necessary to determine the upward force which might be applied hydraulically to

their position cr ssotlon.

A 10% reduction of ths effective

out ths rupture disc opening and steam generated throughout the system, would be more

This corresponds to 0.C42 secondsthan sufficient to drive the reactor subcrltical.

On page 238 of theafter rupture on Figure VI1-5, for the max Issas credible accident.

Figure VII - 5 shows the reactor behavior following a main circulating pipe rupture, 

as postulated for the Xaxlaas Credible Accident.

multiplication factor, due to density reduction of ths swiderator, as water is expelled 

ths control rods, during a versa following a rupture disc failure, and Its effect on 

On page 103 of the Havards Summary Report, APAB *>• 2

pale.

was calculated from 620 pole tc 28C pels and at this point there remained, according 



1

and It shows that after a tlsm

8UO x O.U «

Loop:

On the1.0 second.

Thus the effect of pressure differencescram.

a <•' rupture disc.On the

(1)

effect on

located In the position stated earlier. 

The total tine for blowdom* la snail, (2) the tine reouired to scran the reactor 

reduction of the wed era tor la suf f iciently short, and (3) the expulsion

sane report. Figure F-l,

red Is negligible.

basis of the analysis contained in this nano,

Is acceptable for the following reasons:

'ip’-*

the progress of variables affecting reactivity la plotted 

lapse of C.062 seconds the density reduction on which 

Figure ¥11-5 was based amounted to U.X. This reduction in density corresponds to 

1LU0 pounds discharged fron the prlnary loop for the present case, which

begins at the time the prlnary system la at 62C pa la. According to Figure I this 

weiigit discharge would corresponl to only a IO pal pressure drop in the entire primary 

from 620 pels down to 610 pels. The corresponding tine interval would be about 

basis of previous calculations by W.M.S.Richards, a pressure dif

ference across the reactor core of 10 psi would not cause expulaion of the control rods• _
but rather would permit essentially unhindered acceleration downward by gravity toward 

on the projected area of the control

by density

the control rods is negligible during entire blowdown.
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Nomenclature

The following nomenclature la used in the foraulw:

required for dimensional balance

M a Mass, lba.

lbs.

x • Quality, M

Lbs flashed vapor

k • loantropic exponent
2C a Acceleration of gravity, 32.2 ft/sec

AF s Pressure drop, pal
321V • Total volum change, ft

s

V a Flow work, btu

J a Mechanical equivalent of heat, 778 p-.-lb 
btu

av2 a

T «

Voltana change fron isentropic expansion of atean, 

Voluae change due to flaahlng, ft

F e Pressure, pels or lb/ft2, aa

ft3

T S

VoIvsm of vapor entrained in liquid, ft3

^vx -

Mr , - Mas a at liquid after vapor expansion,
“ ’ 3

vB « Specific volume, ft /Lb

Volume, ft3

u a Internal energy, btu/lb.

C



X

Voluse ratio

Vapor discharged, lb a.A

B Liquid discharged, lbs.

C Total discharge, lbs.

deter renal ning, lbs.

Vapor renal ning, Lbs.

- Height of equivalent head, ftH

Vai. « Velocity, ft/sec

• Area of discharge,

t Tine, secondsx

Subscripts

1 Initial condition

2 Final condition

Iteaa or sapor3

f Mater or liquid

Froa liquid to vapor

Mean value in incrsaint

-7—

^3
"«3 ’
T. .

B

Vo lune of liquid and entrained sapor, ft^

ft2

Special voluae of discharge mixture, ft^/lb.



Solution

1. Iisum a pressure drop 1O0 30

2.

0,

9

3.

F2 9

*2 u, %9

*2 )

(1-*) M3

/
1

/ (y) / ws
2

where V s M )

1J

Solve for T

—&•

, X 
2

* ^*v<

Setup an energy balance cm the basis of internal energy to deteradne ancunt of 

flanbod vapor

- Z) Uf

fl

*«1

*1 U'l

F1

( **<1

TF1

<U«2) (%

<K«1

%

<t Initial pressure determine the fcllowlng:

At final pressure P2 determine the following

Mf 1 
**2



constant * V.?2

Compute isentropic expansion of steam 
k k 

— constant * P2 V-

—

Determine the change in volume due to flashing 

AV2 * ' vs„ 
fg, mean

5.

6.

7.

z
8.

Vl

9. Find volume of liquid and entrained vapor

- I) /^2

10.

was determined from preceding increment

11.

12. Find the total weight discharge

A V ■ Total lbs. dischargez
Let A lbs total dischargeC

Ravg.

Find total volume change

Z\v >

V3

v_
«2 

lbs. vapor / B

* *1

k0

Find the average ratio of volume ratios.

2

V3

Av2

Ravg

Find ratio of volume of vapor entrained to volume of liquid and entrained vapor.
12 - £

V4

Find volume of vapor entrained in liquid 

A V /

1- 

lbs liquid ■

Ia

N< 
K
>

&



13. Calculate regaining weights of vapor and liquid

r lbs waterB s3 1
/ T• % • lbs vaporA

I

1A. Detsruins tins of blowdow in increment

*• nix «

( \ )H

Pel.

Ad Disenarge arsa

t

-1O-

P

AZ
c

"«3

Favg.

z(2 < H)

» Wl.
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