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DukeE Power COMPANY
Power BuiLDING . )
422 SourH CHURCH STREET, CHARLOTTE, N. C. 28242

WILLIAM O. PARKER, JR. ' October 17, 1979

Vice PRESIDENT 7 TELEPHONE: AREA 704
STeam PrRODUCTION ’ - 373-4083

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Mr. R. W. Reid, Chief
Operating Reactors Branch #4

Re: Oconee. Nuclear Station
Docket Nos. ~50-269, -270, -287

Dear Sir:

Please refer to my letters of August 31, September 21, and October 5, 1979
which provided responses to the NRC letter dated August 21, 1979 concerning
long term generic items related to Commission Orders of May 1979,

Attached please find responses to items 3A and 3B.

'Very truly yours, -

. . .// / .
'<~§%k34,;‘ U.la A L ’
William O. Parker, Jr.
RLG:scs ’ . :
Attachment
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'DUKE POWER COMPANY

OCONEE NUCLEAR STATION

Response to questions 3A, 3B
of Attachment A to D. F. Ross (NRC)
Letter Dated.August 21, 1979




- NONCONDENSIBLE GASES

There are two poss1b]e ways in which the release of noncondens1b1e gases in
the primary system could interfere with the condensation heat transfer
processes which occur in the steam generator during small loss of coolant
accidents. If noncondensible gases filled the U bend at the top of the hot
leg, then water vapor would have to diffuse through the noncondensible gases
before they could be condensed in the steam generator. This would be a very
slow process and would effectively inhibit natural circulation. Lesser
amounts of noncondensibles would reduce the heat transfer by condensation
because the vapor would have to diffuse through the noncondensibles to get
to the condensate on the tubes.

Tab]e 1 Tists the potent1a1 sources and amounts of noncondensible gases for a
177 fuel assembly plant. However, most of these gases would not be released
for small break transients. Appendix K evaluations performed for the 177FA
plants demonstrate that cladding temperatures remain low and no cladding
rupture nor metal water reaction occur. Thus, these sources can be neg]ected.
Also, the steam generator is a heat sink only if primary system pressure is
above A 1050 psia. Therefore, gases present in the core flooding tank can be
neglected in addressing the effect of noncondensible on SG condensation. The
onlj sources of noncondensibles which might cepa:ate in the RCS are the gases
dissolved in the coolant, the gases in the precsurwzer, gases in the makeup and
borated water storage tank and gases released from an allowed 1% failed fuel
in the core.  Thus, the maximum amount of noncondensible gascs in the system;
assuming all gas comes out of solution, no noncondensibles are Tost through
the breai flow, that there was one perbgnt failed fuel, and the -injection of
6.4 x 10% 1bm from the makeuw tank and BWbT (typ1ca1 -of %1500 sec of HPI);
would be: ’ o :

Dissolved ir coolant . 563 scf

In pressurizey 166

Fission gas - 2

Fuel rod fill gas 11

MU tank . 24

BWST ' 14
Total , ' 780 scf

This gas would occupy a volume of 22.4'ft3 at a pressure of 1050 psia, the
lowest pressure condition in the primary system for which condensation heat
removal will occur. It should be noted that the assumed integrated injection
flow does not have a significant effect on the total volume of noncondensibles °
which 'might be present in the primary system. Swnce the volume required to
completely fill the U-bend in the hot leg is 125. £t3, the noncondensible gases
will not impede the f]ou o7 vapor to the steam generator '




The heat transfer during condensation is made
ferred through the diffusion layer and the laten
sation of ?he vapor reaching the interface (see Figure 1).

1) gives the following equation for the heat transfer in the vapor

and Hougen
phase:
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heat transfer coefficient for vapor layer, Btu/hr ft
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For the épplication to 0TSG condensing'heat transfer.durihg small break tran-

sients, the term hg(Tgy - Tgj) can conservatively be neglected since the vapor
velocitics would be very low. Thus,

¢ = Kg Mg heg(Pgo - Pgi). ‘ (2)

The heat transfer with noncondensible gases present is obtaincd by iteration.
An interface temperature Tg; is assumed, which fixes Pgi, and the heat transfer
across the liquid condensate film is computed from '

¢ = he(Tgy - Ty) - (3)
where
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The poriial pressure of the gas at the bulk conditicnz can be calculated from
f noncondensible gascs. When the heat flux computed from

the mole fraction o
v W ria 1u i .
that computed by eguation 3, the proper interfece temparature

equation 2 matches
has been found.

The impact of rnoncondensibles on the condgnsation heat transfer process during .

a small breek was examined for the 0.04 7t% and 0.07 ft2 cold leg breaks analy-
zed for the 177-FA plants. The breaks utilize the SG for heat removal for a
significant portion of the transient. Hand calculations were performed, using
the theory presented above, to. ascertain the effect of non-condensibles on the

transient.

ming that all gases come out of colu-
is to raise the pressure

The amount of - noncondensible gases, ass

and primary temperature to obtain the same heat tran fer.  Assuming that the
noncondensibles accumulated only within the steam generaior upper plenuns an

the steam generator tubes, the system pressure increase, due to noncondensibles,

- would only be 25 psi. for a 0.04 ft2 break. and 40 psi, for a 0.01 ftz_break.

It should be noted that this effect . is predominantly due to the inclusion of
the partial pressure of the noncondensibles, which is 24 psi for the 0.0% 2
break and 34 psi for the 0.01 ft2 break, -in-tha total system pressure. Those
calculations represent the maximum impact as they weve computed at the time

of maximum cendensation heat Flux for the respective cases.

As shown, the influence of noncondensibles does not significantly effect the
condensation heat transfer process. The estimates made -are conservative in
that they assumed all the gas is located in the steam generators {(none is in
the top of the reactor .vessel or pressurizer) and no gases .escape through the
break. Thus, the presence of noncondensible gases in the system should riot
significantly affect the small break transient. - :
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TA3LE 1

.SOURCES OF NONCOWDENGYBLES - 177 FA PLANT

Total available 1% METAL-WATER REACTICN

© Individusl - Individeal Individual Individual
Total Gas Total Gag Tetal Totel Gas Total Tctal Cas
Volume Volunmzs Mass Masses Vol Ind. Gas Naess Masses Vol. Ind. Gas Mas Masses
Source - Gas scf o osef 1b. Ib. | scf Vol. =cf ib. 1b. scf Vol. scf ‘“. ib.
Dissolved in reactor Hy & N, 563 ﬁz -5 14 K,y - 1.7 !
coolant : N, - 152 oM, - 123
. Pressurizer steam H, & N, 126 H2 - 55 5.9 'HZ - 0.4
space ‘ ' N, - 71 N, - 5.5
2 2
Pressurizer water Hz & N2 30 H2 - 20 0.91 H2 -~ 0.11
. space o -c.2
o N2 *0. Nz c.2 v
Fission geses in Kr & Xe | 186 Kr - 20 65.5 Kr - 4.3 1.9 Xr ~-0.2 0.55 r - 0.05 1.9 : : i
core : Xe - 135 Xa - 60.7 Ve - 1.7 e ~ 0.61 :
. Fuel rod . ‘ill ges " Ha & somg 1133 te - 1092 14.8 Pe - 11.5 11.3 He < 12,8 0.15 lle -~ 0.12) 11.3 .
N2 & 07 Ng - 22 Xy - 2.3 ¥ - 0.3 Ny = 0.02
o o S ey -9 0y - 0.5 ¢y - 0.3 0; - 0.01
_ Metal water reaction  H,  [616,500 - 2320 - - o] s - 23.2 -
"1 (100%) ' _ : o ' T
MU tank gas space H2 & N2 726 Hé - 421 26.1 Hy - 2.3
- : E N, - 305 Ny - 23.8
P o 2"
. MU tank water space Hy &N, 24 Hy = 16 0.71 #Hp - 0.03
: o : Ny - 8 . N2 -~ 0.62
BWST .- .. Alr (Np [ 1383 Ny - 602 121.2 X - 7C.3
' - & 09) o 0p = 48%. . -0z -~ 50.9
CF tank gas épacg ‘§2 26,248 Co- . 2047 -
(two tanks) ' ’ - K
CF- tank water space “2 964 T - 75 -
* (two tanks) . - :
- Assumptions. )
"1. RCS contalns 40 std. cc HZ/Kg water & 20 std. cc N2 /Kg water, with water volume ‘= 10,6990 ft3 at 583F and 2200 psia. . ‘

2. Pressurizer water contains 40 std. cc.Hy/Kg water & 20 std. cc N2/Kg water with Henry's Law relation between water space and steam space at 650F.
" Water volume = 825 fc3'and steam volume = 716 ft3 :

3. Fission gases based on inventory in core at 292 EFPD.
4. Fuel rod g\s based ‘on each rod containing C 0375 gmol He, 0.0011 gﬁol N2 and 0.00029 rmol/Og.
5. Metal-water reaction based on 52,000 1b. lr claddlng.

6. NU tank values based on tank containing 200 fe3 gas spuce and ﬁOO ft water space at 120F with the water containing 40 std. cc Hz/Ko and 20 std.
- ce Np/Kg with Henry's Law relatluvb.ip between gases in water and in gas space.

7. BWST coutaius 450,000 gailons of water saturated with air, i.e., 15 std. cc ¥y/Xg and 8 std. cc 0p/Kg.
8. Each CF tank contains 1040 ft3 wiater and 370 £t3 gas space with 600.psig.N2 at 1207 with Henry'é Law relation between water and gas.

9. Values for 1% failed fuel basgd on Xe and Krvfiséion praduct LnVeQCOry 2nc fuel rod fill gas (He) in 1% of fuel rods being released to coolant. '

10. Values for 1% metal-water reaction based on géses_in»Itcm 9 zbhove énd H2 released from 1% of Zr cladding (520 1b.) reacting with coolant.



