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h 20th March, 1981.
" ' ' '

E. Gunter Arndt,

Structures and Components Standa'ds Branch, g
t-

Division of Engineering Standards, h,
\

Office of Standards Development, N

U.S. Nuclear Regulatory Commission, p. g/WASHINGTON D.C. 20555, s
,
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Dear Mr. Arndt,

I was pleased to get your letter of 13th February and to

hear that you found my IAEA paper interesting.

I enclose some amendment sheets. The only numerical

change concerns the heat dissipation capacity of a natural

draught chimney (Fig. 3d) and, while improved calculations

have predicted an increase in heat transfer, the change is

I not significant in the overall context. The remaining

changes are of a typographical nature.

| I mentioned the plans for an ultra-safe reactor which -

| starts out with safety as the over-riding key design goal.

.

As a result of my paper "Towards a More Forgiving Reactor",

| and the remarkable similarity of ideas - as also of certain

proposed technical solutions - I was privileged to be shown

( these plans but, since it was on a confidential basis, I do

,

feel free to give you further particulars without thenot

express permission of the manufacturers.
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I will therefore write to the manuf2cturer'to seek ~

such permission or, if they so prefer they may wish to,

get in touch with you directly.

Yours sincerely,
,

- s . ~.
( :>..

. .. . u u...v' g .. _,.!, .,
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C.O'FARRELLY,
~

Nuclear Safety Engineer.
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IAEA - CN-39/58 "Towards a More Forgiving Reactor *.

ERRORS IN THE ORIGINAL S'[OCKff0LM PREPRINT
(discovered since the Meeting c? 21 October 1980) .

p2,2(2), para.2:

line 1 s?. auld cead "If eCM is positive but numerically less thano4 F...'

line 4 should read".... greater thane <F,....".
f

h

|
94,2.2, para.2:

line 1 should read ". ... inherent engineered shut-down system".

p5,4.3, para.2:

1 Line 5 should re.d *... 12 MW os' heat".
.

1

!
.

6E1
par.n. 3, line 3 shenld read "... 2.4 MW.*

para. 4, line 4 should read ". . . . exceed 16 MW.'. . .".

p7, 5.3.1 para.1:

line 1 should r ead *. . . . . Fig s. 4 + 1. . . . . "

p7, 5.3.2 para. 2:

line 6 should read " head to permit...."
i

p9 tsra.1: ,

line 4 should read "... 2 days (containment breach 3 and 3a)*
.

p3,6.2, para.1:

J ine 5 should read ".... dasign boiling point".

p 11
-

para. 3 line 9 should read * in water surface downward trend".
1

| para. 6 line 3 should read ".... low-wster-level signal......".

p14, 16, 17, 18:

Revised copies of figures attached.
t
t
t

! NOTE

Full - power - seconds.F P. set =

1981-3-9.
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SYMBOLS*
.

A m2 Creso smetion af chimney*

8e J/kg C Specific heat
Cf - skin friction coefficient

. E J Energy

Eo J Initial energy of pool

1 s Meta neutron lifetime

kg*C liest capacity per 'C
hassM

J/Mc
P W Thcrual power

Po W rull (rated) power of reactor
Pr - Prandt1 nu:aber
p Pa Pressure

p Pa Contair.u. eat pressure
g

p Pa Primary circuit pressure
q W/m2 liest transf er rate per unit areap

R - Temperature-rise-ratio (See 2.1)
Re - Reynold's number
S m2 Surface area of c m.ainment
S2 = 2*S m2 Total heat transfer surface 4 chimney+

St - Stanton number
t s Time f rom reactor shutdr.rn

j
T 'C Tempevature

;

! To 'C Initial te:sperature of pool

*4 T1 *C Inlet temperature

I T2 C Outlet temperature

I TL1 'C Liner coolant inlet temperature

TL2 *C Liner coolant outlet temperature'

}
Tp C Mean reactor coolant temperature

Ts 'C Surface temperature of containment
,

Tsat 'C Saturation temperature
Width between containment and shield buildingW a

Tc a Width of chimey
Height of chisc.tyZ- a

6 'C Fwel tempacature

so 'C Initial fuel temperature

emax 'C Maximum fuel temperature

ser *C Critical temperature fo,r fuel damage
p kg/m3 Density

#
Table I - CT Jphite Mass & Heat CJpacity (Full-power-second/ C)

i

Pa.t-der Symbol MACNCE 3 AGr . HTCR

PRACwEtL I WYLFA FUNT.''-B FULTCN

Power (th) Po $31. E6 1875. E6 1500. E6 3000. E6

0.32E6Core M

Mc/Pc 0.19 -'

0.59E6Reflector M

Mc/Po 0.35.

Total EM 1.9 3.7 E6 1.0 E6 0.9'56

x Mc/Po 5.36 2.96 1.13 0.54
Effective * Mc/Po 0.33

g=1800kg/m3 (**1800J/kg C(9700) * Deduced f tom beat-up graphs

Table II rnergy Rcquirements for Lhlt Boil-off & Heat-up
I

Energy in tu'I'l gwwer-seconds Symbol rWR SECI'RE+

( 3.5 CW) (0.2 CW)
To boil off r.ccondary El i 100 -

|
To raise teep to SV set mint E; 15 1616,

To toll-of f r er ateve cw e E3 50 4440

To boil-off gtca in ey e etc . ra 50 1480j

;
Tot. Energy until -FP **c El+E2 115 1616

t

|
SV lifts _ _ , _ _ -tiF- (s) 8.5 Et 3.4Et
Tot. Energy until -FP.see El+E2+E3 165 6056

| 1.45E4 2. 4%
|

< top of f uel _tygt,rL-t_ime (s) _, ,

[ " " * * * * | fuel is ent.gIGy,-t ime (s) _ __,
|215 l7536i Tot. Fnergy uneil -rr.see tr

**
2.0 E4 3.5Es

|
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SYMBCt.S- * .

A m2 Cross section of chimney*

e J/kg*C Specific heat
Cf - Skin friction coefficient-

*

. E J Energy

Eo J Initial energy of pool

1 s Mean neutron lifetime
M kg Mass
Mc J/*C Heat capacity per *C
P W Thermal power
Po W Full (rated) power of reactor

Frandt1 naberPr -

p Pa Pressure
Pa Containment pressurey,

p Pa Primary circuit pressure

q W/m2 Heat '.ransfer rate per unit areaE .

R - Tempsreture-rise-ratio (See 2.1)
Re - Reynold's number

' S m2 Surface area of containment
-

52 = 2*S m2 Total heat transfer surf ace of chiscey
| Stanton number
1 St 2

I t a Time from reactor shutdow
T *C Teeperature

4 To 'C Initial te=perature of pool

T1 *C Inlet te=perature

T2 *C Outlet tecperature

TL1 *C Liner coolant inlet.teserature,

Tt2 *C Liner coolant outlet teu arature
Tp C Mean reactor coolant temperature

is *C surface tesperature of containzent
Tsat 'C Saturation temperature

Width between contain: ment and shield buildingW a
Tc a Width of chimney

Height of chimcyZe a
6 *C Fuel tenperature

ao C Initial fuel temperature

esax *C Maxima fuel temperature

ser C Critical temperature for fuel damage
p kg/m3 Density

TALle 1 - Graphite Mass & Heat Capacity (Full-pcwr-secce.d/ C)
.

P ar ameter Sy2bol *MNCX ! AGR ifMR
.

SPJDert.L ! hTLTA ifrJNT. -8 FTI.TOs

Po 531. E6 1875. E6 1500. E6 3C00. E6Pcw r(th) '

Core M 0.32E6
Me/Po 0.19

Reflector M 0.59E6
Mc/Po 0.35

.

Total EM 1.9 3.7 E6 1.0 E6 0. 9 ' *.6
2.96 1.13 C.54r Mc/Po 5.36 '

Effective * Mc/Po I l C.33

g=1800kg/m3 C=1800J/kg C(9700) * Deduced f rom heat-up grap.s

Table :T Energy Requarements for Lhlt Boil-off & Heat-up

Energy in frI1 rver-seconds Syncol Pult !
SzctL;-

t 3.5 CW)' f0.2 CW)
To boil off secondary El 100 -

To raise tesp to SV set point E2 15 1616
To toil-o,'t water above core E3 50 4440

o boil-off water in core etc, _ Ea 50 1890

Tot. Ea.ergy until -FP.see Et+E2 115 ; 1616

Sv lifts -time ts) 8.5 E1 _3.4Ei,,

| Tot. Energy until -FP.sec El+ E 2* E3 ,165 6056
.i I 1.45E4 2.4Es

I
tcp of fuel is dry -timets)
Trw. Fnergy until -FP.sec EE 215 ;7535

"" '* * | fuel is totally dry-time (si $ . 2.0 E4 5 1.5EE **

.
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(1) - H'ICF, Ref.5f 5ellef/ Safety valvs lifts
(2) - Irlta, Ref,3

(3) - PWRe Tab.!!.

-

(4) " SECURE", Tab,IIgg
M. 'E(2) .

1sw

_

20m
10m_ _

_

Superheated steam
i rng"

500 , ' ( ~C ' ' ""* " "d ' ,i
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o
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Fig. 4 UNRESTRICTED CORE HEAT-UP -
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