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ARKANSAS POWER & LIGHT COMPANY
POST OFFICE BOX 551 LITTLE ROCK. ARKANSAS 72203 [501) 371-4000

October 31, 1979

l-109-25

Director of Nuclear Reactor Regulation
ATTN: Mr. R. W. Reid, Chief

Operating Reactor Branch #4
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Subject: Arkansas Nuclear One-Unit 1
Docket No. 50-313
License No. DPR-51
Outstanding Items Related to

B&W Small Break Analysis
(File: 1510.1)

Gentlemen:

Arkansas Power & Light Company herein provides information
requested in Dr. D. F. Ross' letter of August 21, 1979.
The f ol lowi ng icems required in Attachment A to Enclosure
1 of the Ross letter are attached: -

Item IB Relief and Safety Valve Attachment 1
Flow Model Justification.

Item 2A OTSG 3-Mode Model Attachment 2
Justification.

Item 3A - 3D Noncondensible Gases Attachment 3
in the Primary System.

Item 4 CRAFT-2 Simulation of niI-2 Attachment 4
Accident.

Items 3A-3D are provided as interim responses at this time.
These interim responses will be incorporated into a final
package and submitted to you by November 15, 1979.

The remaining items required by Attachment A to Enc lo sur e
1 of the Ross letter will be submitted per the following
schedule.
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1-109-25
Mr. R. W. P.eic' -2- Oc t ob e - 31, 1979~

Item 1A CRAFT Analyses with sequential 12/11/79
AFW Flow

Item 2B Repressuriza tion to PORV Se t-
point wi th PORV s t i cking open

Qualitative Assessment 11/15/79

Detailed Analysia 2/11/80

Items 5 and 6, the semiscale small break experiment predic-
tion and the LOFT small break prediction respectively, are
being forwarded to you directly from B&W.

Very truly yours,

2C f ||
David C. TrimhJ'e !'

Manager, Licensing

DCT /DMG /ew

'
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Attachment 1

RESPONSE TO QUESTION 1B OF ATTACHMENT A TO D.F. ROSS.

(NRC) LETTER DATED 8/21/79

.

. Question

1B. Provide justification of relief and safety valve flow models<used in
the CRAFT 2 code. .,

RESPONSE

1The CRAFT 2 code, which is documented in topical report BAW-10092, Rev. 2 ,

does not have any special models for prediction of the fluid discharge
through the relief and safety valves. Rather, they are modeled as leak

paths from the pressurizer control volume to the containment. Thus, the
Bernoulli (orifice) equation is used for subcooled discharge, while the
Moody correlation is used for saturated steam or two-phase discharge.
These models are the same as those used in'B&W's ECCS Evaluation Model.2
Since little information exists on the flowrate through pressurizer. valves

for subcooled or two-phase fluid conditions, it is impossible to ascertain

the accuracy of this modeling technique. Since pressurizer leaks are in-

herently less severe than the breaks in the cold leg pump discharge piping
analyzed to demonstrate compliance to 10 CFR 50.46, a truly realistic
model for the discharge rates is not necessary. However, the modeling
technique utilized is expected to reasonably approximate the discharge
rates and their subsequent effect on the RCS.

System response to relief valve actuation have been analyzed and' submitted
3to the Staff in Section 6 of the }by 7,1979 , report. The cases speci-

fically analyzed were:

1. A loss of main feedwater accident which results in actuation and a
subsequent sticking open of the pressurizer relief valve was addressed.
Offsite po"J vas assumed to remain available and only one HPI train

was used for emergency core cooling. This analysis is similar to the .

TMI-2 event that occurred on March 28, 1979, and de=anstrated that,

if one HPI pump remained available, no core uncovery would have oc-
curred.

2. A stuck'open FORV assuming a loss of offsite power and only one HPI
train available was analyzed. Results of this evaluation demonstrated

that core uncovery would also not occur.

1272 2'53.
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An additional enalysis of the effect of-a pressurizer break which supple-.

mented those presented in reference 3, was provided to the Staff in a -

4
- letter from J.H. Taylor (B&W) to R.J. Mattson (NRC) dated May 12, 1979 . .

That analysis examined the effect of the stuck.open PORV case, Case 2 above,
except the auxiliary feedwater system was assumed inoperable. The results
of that evaluation showed that, even without auxiliary feedvater, one HPI

pump can handle the accident provided that realistic decay heat valves are
utilized. In all of these evaluations, the PORV was modeled via a leak

- path representation in the CRAFT 2 code. The orifice area of the PORV was
modeled as the leak area (1.05 in.2) and a discharge coefficient of 1.0
was utilized.

The method for modeling the PORV described above does result in a pre-
dicted steam flowrate, at the valve rated pressure, which is.in excess of

the design (rated) flowrate. An altenative modeling~ approach is to use
a discharge coefficient (C ) which, at the valve rated pressure, would

D
yield the valve rated flowrate. For the 177-FA plants,'this is a C '

D

approximately 0.85. For the first two cases described above, this model-

ling approach would result in a slower system depressurization and a
slower discharge of the RCS inventory. Thus, the use of a C = 1.0 used

D

in previous evaluations results is a conservative assessment of the tran-

sient. For the third case, the use of a smaller C '* '" "
D

larger repressurization following the loss of the SG as a heat sink and

the change in the discharge from steam to two-phase flow. However, use

of a C f 0.85 would result in an inventory loss less than that calcu-
D

lated in reference 4 and no core uncovery would occur.

Besides the cases involving actuation of the pressurizer relief valves,

analyses were performed for a total loss of SG heat sink and are provided

in references 5 and 6. In those evaluations, the pressurizer safety

valves were exercised. To model these valves, the leak path representa-

tion was used with the leak path opening and closing at the opening set-

point of the valve. The valve area and C was chosen such that the rated
D

flowrate for the valve would be simulated at the valve rated pressure.

Because of the large relief capacity of the valve, the stem pressure

oscillated within a few psi of the valve setpoint and tu, re was

exercised intermittently. Thus, any discrepancies between the modeled

1272 25.4.
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and the actual relief capacity of the pressurizer safety valve is not ex- .

,

pected to significantly alter the system response.

While there is little information available on the discharge rates through-

the pressurizer valves, it is also important to note the breaks in the
pressurizer are bounded by breaks in the cold leg p, ump diccharge piping.
Pump discharge breaks are analyzed to show conformance of the ECCS to meet
the criteria of 10 CFR 50.46. The reason that cold leg breaks bound breaks

in the pressurizer.was discussed in detail in reference 3. .Therefore, it

is not necessary to simulate the actual relief capacities of the pressuri-
zer valves in order to demonstrate the ability of the ECCS .to mitigate the

consequences of a loss of RCS inventory through the valves within the
criteria of 10 CFR 50.46.

-

REFERENCES

1 BAW-10092, Rev. 2, " CRAFT 2 - FORTRAN Program for Digital Simulation of

a Multinode Reactor Plant During LOCA," R. A. Hedrick, J.J. Cudlin,

and R.C. Foltz, April 1975.

2 BAW-10104, Rev. 3, "B&W's ECCS Evaluation Model," B.M. Dun, et al.,

August 1977.

3 Letter J.H. Taylor (B&W) to R.J. Ibttson, May 7,1979, " Evaluation
of Transient Behavior and Small Reactor Coolant System Breaks in the

*177-EA Plant."

4 Letter J.H. Taylor (B&W) to R.J. Mattson, May 12, 1979.

5 Letter from R.B. Davis to 177 Owner's Group, Subject: " Complete Loss
of Fecdwater Transient," September 11, 1979.

6 Letter from R.B. Davis so Mr. C.R. Domeck, Subject: " Complete Loss

of Feedwater Transient on Davis-Besse," September 11, 1979.
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Attachment 2
- RESPONSE TO QUESTION 2A 0F ATTACRMENT A 0F 8/21/79

D.F. ROSS LETTER *

.

Question

2A. Provido justification that the 3 node steam generator model used in
the CRAFT 2 analysis of small breaks is adequate for the prediction
of steam generator heat transfer.

RESPONSE

The B&W ECCS Evaluation Modell for small breaks utilizes a three-node repre-

sentation, in the CRAFT 2 simulation, for the prediction of steam generator

heat transfer following a small break. Two of the nodes, stacked verti-

cally, are used to model the primary side of the ence through steam genera-

tor (OTSG). The upper node ~ includes the hot leg piping, from the center

on the 180* U-bend at the top of the vertical section of the hot leg to

the SG upper head, the upper head of the SG, and the upper one-half of

the tube region. The lower node simulates the lower one-half of the tube

region. The third node is ured to model the secondary side of the OTSG.

To evaluate the suitability of this modeling technique, the unique charac-

teristics of the OTSG and its effects on the small break transient must be

examined. As 4.s shown later, for c=all breaks evaluated with the auxiliary

feedwater system operable, heat removal via the SG is not necessary for

the worst case breaks, i.e., those that result in core uncovery, Ln order

to successfully mitigate the transient. For the smaller breake. heat re-

moval via the SG is necessary. The three-node representation utilized

appropriately models the heat transfer characteristics of the OTJC. For

the smaller breaks, heat removal via the steam generator is necessrvy and
the heat transfer characteristics of the OTSG must be appropriately con-

sidered. Although the 3-node SG model does not rigorously account for

the heat transfer process- that will occur, it does provide a reasonable

representation of the effects of these heat transfer processes in the ,

OTSG. Since these snaller breaks exhibit large margin to core uncovery,

the CRAFT 2 SG model is adequate for demonstrating compliance to 10 CFR

50.46.

2In performing small break evaluations, the CRAFT 2 code is used to pre-

dict the hydrodynamic response of the primary system including the effect
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- of SG heat transfer during the ' transient. The option 2 SC model, which

is explained in detail in Section 2.6 of topical repcet BAW-10092, Rev._2,
-

is utilized to predict heat flow in the SG. The calculation progresses

basically as follows:

1. Based upon the initial steady-state heat transfer characteristics of

the OTSG and the initial primary and secondary fluid temperatures, an

overall UA for each region of the SG is calculated.

2. The calculated steady-state UA can be modified by user-specified in-

put options. These include an input multiplier table versus time,

multiplied based on the primary side control volume mixture height

during the transient, and a multiplier for reverse heat transfer, i.e.,

heat flow from the secondary to the primary side of the SG.

3. Using the modified UA and the calculated primary and secondary side

control volui s temperatures, the amount of heat transferred is calcu-

lated.

In performing the small leak calculations for dc=onstrating compliance to

10 CFR 50.46 for the operating B&W plants, no input multiplier versus
time is utilized, nor is the modification based on primary side mixture

icvel used. However, a multiplier for reverse heat transfer of 0.1 is

utilized. This multiplier and its basis is explained in the ECCS evalu-

lation model topical report and is utilized to reflect the change in heat

transfer regime on the secondary side of the SG for reverse beat flow.

The OTSG design of the B&W designed operating NSSs allowe use of a simplis-

tic model for calculation of SG performance during a small LOCA transient.
With the loss-of-offsite power, assumed in design calculations for small

breaks, and'the subsequent loss of main feedwater, the auxiliary feed-
water system is actuated and will become operable in approximately 40

seconds and control the secondary side level. The auxiliary feedwater
enters the SG very high, approximately 2 feet below the. upper SG tube
sheet, and is sprayed onto the tube bundles. Thus, heat transfer will

occur in the upper portion of the SG independent of the actual level in

the SG. The introduction of auxiliary feedwater to the SG has two ef-

fccts on the small LOCA transient. First, it raises the thermal center

in the SG during the natural circulation phase of the accident which

I272 2$7
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results in a continuation of circulation through the RCS, for some period

of time, even while inventory is lost from the primary system. Later in
'

the transient, after sufficient inventory has been lost from the system,

circulation will be interrupted and the auxiliary feedwater, for a certain

range of small breaks, will condense steam on the primary side of the SG;

thereby maintaining the primary system pressure near the secondary side
pressure. The analytical approach utilized for the small break evaluation

is consistent with this performance of the auxiliary feedwater system.

It should be noted that between the time that circulation through the

loops is lost and the time that the primary side SG 1evel has dropped to

the point where condensation heat transfer will occur, system repressuri- -

zation can occur as heat removal via the SG will be lost. This phenomena

occurs only for the very small sized small breaks in which the SG heat

removal is necessary. If simulation of this repressurization phenomena

of the very small breaks is desired, an additional node would be needed

in the small break model in order to separate the hot leg and SG upper

plenum volumes from the tube region. This will allow steam to accumulate

in the upper regions of the RCS without being affected by heat removal

that occurs in the steam generator. In the analyses presented in reference

5 for these smaller sized breaks, a model which included the additional

node was utilized and showed that the repressurization phenomena does
not result in core uncovery.

It is also important to note the role of the SG on the small break tran-

sient in order to evaluate the appropriateness of the SG model utilized

in small break evaluations. Licensing calculations for the operating B&W

units have previously been submitted to the Staff in references 3 and 4.

These evaluations have shown that the worst case small breaks, i.e., breaks

which result in core uncovery, occur for breaks in excess of 0.05 ft2 As
sdemonstrated in the May 7, 1979 report , SG heat removal is not necessary

for breaks of this a$ee. For smaller breaks, SG heat removal is necessary

as the break alone is not sufficient to remove enough fluid volume and

energy to depressorize the RCS. However, as demonstrated in reference 5,

these breaks are of no consequence as the SG heat removal and the slower

discharge rate for these breaks easily prevents core uncovery.
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As demonstrated, the SG model utilized in the small break evaluations for-

the operating plants appropriately accounts for the effect of the spatial
heat removal processes that will occur in the OTSG during a small break.-

It was also shown that the SG performance is not important for the worse
case small breaks. Thus, the CRAFT 2 SG model is adequate for demonstrating

compliance of the ECCS to 10 CFR 50.46.

REFERENCES

1 "B&W's ECCS Evaluation Model," BAW-10104, Rev. 3, Babcock & Wilcox,

August 1977.

2 R.A. Hedrick, J.J. Cudlin, and R.C. Foltz, " CRAFT 2 - Fortran Program
for Digital Simulation of a Multinode Reactor Plant During Loss-of-
Coolant," BAW-10092, Rev. 2, Babcock & Wilcox, April 1975.

3 Letter, J.H. Taylor (B&W) to S.A. Va.rga (NRC), July 18, 1979.

4 "Multinode Analysis of Small Breaks for B&W's 177-Fuel Assembly Nuclear
Plants With Raised Loop Arrangement and Internals Vent Valves,"
BAW-10075A, Rev. 1, Babcock & Wilcox, March 1976.

5 " Evaluation of Transient Behavior and Small Reactor Coolant System

Breaks in the 177-Fuel Assembly Plant," Babcock & Wilcox, transmitted
via letter from J.H. Taylor to R.J. Mattson, dated Iby 7,1979.

-
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Attachment 3

Questions.

- 3A. Provide the sources of noncondensible gases in the primary system.

3B. Discuss the effect of noncondensible gases on: (1) condensation heat
- transfer, (2) system pressure calculations, and (3) natural circulation flow.

Response .

There are two possibic ways in which the release of noncondensible gases in
the primary systen could interfere with the condensation heat transfer
processes which occur in the stcam 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 cases
before they could be condensed in the steam generator. This would be a very
slow process and would ef fectively inhibit natural circulation. Lesser
amounts of noncondensibles would reuuce the heat transfer by condensation
because the va;)or would have to diffuse through the noncondensibles to get
to the condensate en the tubes.

Table 1 lists the potential sources and amounts of noncondensibic gases for a
177 fuel asselbiy plent. However, most of these gases would not be released
for small brcak trane.ients. Appendix K evaluations perfonned for the 177FA
plants dea,on;tre te that cl adding temperatures remair, low and no cladding
rupture nor raetal water reaction occur. Thus, these sources can be neglected.
Also, the steam generator is a heat sink only if priraary system pressure is
above D 1050 pH e. lherefore, gases present in th:: core flooding tank can be
neglected in cdr'rm.ing the effect of noncondensible on SG condensation. The
only sources of noncondensibles t;hich might separate in the PIS are the gases
dissolved in the coolt.m., the gases in the pressurizer, gases in. the makeup and

.

borated water storage u.nh and gcses released fron :n allbwed M ' failed f uel
in the core. inus, the imiiwa a:: aunt of noncondeosible gases in the system.
assuming. all pat co;..es cut of solution, no noncondensibles are lost through
the b Nal: fl ou , that theN was one percent faiicd f uel, end the injecticn of
6.4 x 104 lba fion the wheep tad and BWST (typical of % 1500 sec of HP!),
would be-

Dissolved in coolant 563 scf
In pressurizer 166
Fission gas 2
Fuel rod fill gas 11
MU tank 24

.

BWST 14

Total 780 scf

This gas would occupy a volte of 22.4 ft at a pressore of 1050 psia, the
lowest pressure condition in the primry 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 noncendensibles
which might be present in tha primary system. Since the volume required to

3completely fill the U-bend in the hot leg is 125 f t , the noncondensible gases
M el not impede i.he flow of vapor to the steam generater.
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~ The heat transfer.during condensation is made up of the sensible heat trans-
ferred through. the diffusion layer and the latent. heat released due to conden-

.
sation of thq vapor reachirig the interface (see Figure 1). The model of Colburn
and Hougenll) gives the following equation for the heat transfer in the vapor
phase:

$ = hg(Tg - Tg ) + Kg Mg hf(Pg - Pg ) (1)
g j g g j

2
4 = condensation heat flux, btu /hr ft

hg = heat transfer coefficient for vapor layer, Btu /hr ft2 op
Tg = bulk temperature, OFg

= temperature of interface, UFTgj
I I*

Kg = mass transfer coefficient, ,.

Mg = molecular weight, lbm/lb mole

fg = latent heat of vaporization, Btu /lbmh
lb

P90 = partial pressure of vapur at bulk conditions,

Pgj = partial pressure of vapor at the interface,
lb

f

ft2
' ''

9 *3 l
no

K9 = 1.02 D~
P (BT ~ I p/pam

z ItT pDt ,

2
D = diffusion coefficient, ft /hr

-

.

z = height
lb ft

fR = gas constant,1545
lb mole R

T = absoiute temperature at bulk conditions, R

2g = acceleration of gravity, ft/hr
3p = density, lbm/f t

3po = density at bulk conditions, lbm/ft
3pi = density at interface conditions, lbm/ft

p = viscosity, lbm/hr ft

pam = pai - gao ~

U'-

Ln pao

pai = partial pressure of gas at interface, h2
pac = partial pressuit of gas at bulk conditions, h

1272 261.
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For the application to OTSG condensing heat transfer during small break tran-

sients, the term hg(Tgo low.Tgi) can conservatively be neglected since the vaporvelocities would be very Thus,
-

.

4 = Kg Mg hfg(Pgo - Pgi). (2)

The heat transfer with noncondensible gases present is obtained by iteration".
An interface temperature Tgj is assumed, which fixes Pgi, and the heat transfe;
across the liquid condensate fi!c is computed from

4 = h (Tgj - Tg) (3)f

where

3' 1/4'

I 9
hf = *943 pf z(Tg5 - T )g

pf = density'of fluid, lbm/f t
3p = density of vapor. lbm/ft

g

hp = theral conductivity of fluid, Btu /hr ft F
T = viall temp?raturr, Fu

The partial pressera of the gas ci il.c Eulk conditicns chn be calculated from
the wie fraction of noncondensible gases. When the heat flux computed frca
equation 2 mrtchs that computed ty cauation 3, the proper interface temperature
has been found.

The ir. pact of . noncondensi'bles on the condensati'on heat transfer process during
a small break was examined for the 0.04 ft2 and 0.01 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.

The amount of noncendensibic gases, assuming that all gases come out of solu-
tion, t:ould be 2.61 males. The efrect of these gases is to raise the pressure
and primary temperature to obtain the same heat transfer. Assuming that the
noncondensibles accumulated only within the steam generator upper plenums and
the steam generator tubes, the systei pressure increase, due to noncondensibles,
would only be 25 osi, for a 0.04 ft2 break, and 40 psi, for a 0.01 ft2 break.

*

It should be noted that this effect is predominantly due to the inclusion of
2the partial pressure of the noncondensibles, which is 24 psi for the 0.04 ft

2 break, ire the total system pressure. Thesebreak and 34 psi for the 0.01 ft
calculations represent the maxirxm impact as they were computed at the time
of maximum condensation 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 not
significantly affect the small break transient.
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TABLE 1
,.

t 50t*CS 0? NONCOTJ3IPLES - 177 FA TLANT
. .

Total availabic

: Indivikal Individual
~'g gg y, 1% t".TAL-t!ATER REACTION

Irdi riduni Individual
Total cas Total Cas Total Tetal cas Total Tetal Gas
Volume Volums Mass theses V:1. Ind. C2s Ma..s P:sses Vol. Ind. Cas Miss MassesSource

,. _ces --nef ac: lb. Ib. _ra f Vol. ref -15. Ib. s:f Vol. sef 15. Ib. -

Dissolved in reactor H &N 553 :!2 ~ 203 14 E2 ~ 1*72 2coolant
N2 ~ 100 F2 - 12.3

j Pressurizer steam H2'E2 2
120 U - 65 5.9 P2 - 0.4,

*

8P3Ce
N2 _71 F2 - 5.5

'

'' Pressurizer water H &N 30 II; - 20 0.91 H - 0.112 2 2Mpace
, p 0 N - 0.S2~ 2

Fission gases in Kr & Ie 185 Kr - 20 65.5 Kr - 4.8 e 1.9 Xr 0.2 0.66 1*r - 0.05 1.9, ,f core Xe - 1(6 o - 60.7 :*o - 1.7 Xe - 0.51
Fuel rod fill gas He & some 1133 re - 10?2 14.8 E2 - 11.5 11.3 "a - 10.9 0.16 He - 0.12 11.3

; N2 & 02 N2 - 32 N2 - 2.S N2 - 0.3 K2 - C.02 *

02-S 92 - 0*3 C2 - C.1 02 - 0.01!*

Metal water reaction H 416.500 - 2320 - 4165 - 23.2 -2
(100%)

MU tank gas space H &N 726 22 - 421 26.1 H2 - 2.32 2
N2 - 305 N2 - 23.6

3 MU tank water spcce 2 &N 24 H2 - 15 0.71 E2 - 0.002 2
K2-8 F2 - G.62

,

WST Air (N2 1383 N2 - 902 121.2 r2 - 70.3
&0) 02 - I'81 02 - 50."2

CF tank gas space N 26,248 - 2047 -
2(two tanks)

,

CF tank water space N 964 - 75 -
*

2- (two tanks)
"""'

.

N Assumptions
N

1N 1. RCS contains 40 std. cc H /Kg water & 20 std. cc N /Kg water, with water volute = 10,690 f t at 583F and 2200 psia.2 2

2. Pressurizer water contain, 40 std. cc H /Kg water & 20 std. ec N2/Kg water with Henry's Law relation between water space an4 steam space at 650F.2
3N Water volurne = 825 f t an ' steam volume = 715 f t3

O 3. Fission gases based on inventory in core at 292 EFPD.
.Sh

4. Fuel rod gas based on each rod centaining 0.0375, gmol He, 0.0011 c: ol N2 and 0.00029 pol /02
5. Metal-water reaction based on 52,000 lb. Zr cladding.
6. MU tank values based on tank containing 200 f t3 3

gas space and 400 ft vater space at 1207 with the water containing 40 std. cc H2/Kg and 20 std.
,

cc N /Kg with Henry's Law relationship between gases in water and in gas space.2.

1 7. BiJST contains 450,000 gallons of water naturcted with air, i.e.,15 std. cc N /Xg and 8 std. ec 0 /Kg.2 2
3 3'l 8. Each CF ank centains 1040 ft water and 370 f t gas space with 600 psig E2 at 120F with Henry's Law relation between water and ga.*

9. Values for 1% failed fuel based on Xe and Kr fission product inventary and fuel rod fill gas 01c) in 1% of fuel rods being released to coolant.
| 10.
I Values for 1% metal-water reaction based on gases in Item 9 above and H2 released from 1% of Zr cladding (520 lb.) reacting with coolant.
,
8
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QUESTION 3C: Describe any operator actions and/or emergency
.

procedures necessary to preclude introduction-

of significant quan titier: of non-condensible gases

into the primary system.

RESPONSE: Present provisions of the small break emergency

procedures preclude the generation of significant

quantities of non-condensible gases by preventing

core uncovery. Therefore, no revision to these

'
actions is necessary.

.

.
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Question 3D: Describe operator actions to be taken 'in the event of a*

significant accumulation of non-condensable gases in the
'

primary system.
-

.

.

-

Response:
*

.

The review and development of operator actions to be taken in the event of a
significant accumulation of non-condensable gases in the primary system is -

Lncomplete pending finalization o'f smali. break impact studies. Preliminary
.

investigations are centered upon (1) review of present provisions within the
cmall break emergency procedures (e.g., restart of one or more RC pumps and/or~

remote manual operation of the PORV) which may be effective in minimizing
~

the impact on system response, and ,(2) use of present plant features (e.g. ,.
pressurizer ' spray and venting and/or letdown to the makeup tank) to degass
the reactor coolant in the long term following small breaks where a return
to natural circulation is possible.

.

&

e

.

O

e
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Attachment 4-

CRAFT 2 SIMULATION OF THE MARCH 28, 1978

- THI-2 TRANSIENT

1. INTRODUCTION

1In the May 7,1979 " Blue Book" reports , a CRAFT 2 simulation of the first
hour of the TMI-2 transient was presented. That analysis has since been

modified and updsted to include more recent estimates of the net makeup -

to the RCS during the event. This report presents the revilts of the

latest B6W CRAFI2 simulation of the TMI-2 event and covers npproximately

the first 2 hours and 20 minutes of the transient.

The small break ECCS evaluation model, which is described in topical report

BAW-10104 and the July 18, 1978 letter report , was used,with some "best
estimate" modifications, for the simulation. Actual TMI-2 data were

combined with available information about the operator actions to determine

estimates of the HPI and AFW injection times and flow rates.

The simulator results (described in detail in the "Results" section)
show all the trends and very good comparisons to the actual plant data

of system pressure, temperature and pressurizer level. The analysis also

predicts the time for the start of core uncovery which is in reasonable

agreement with the NSAC-1 report. Thus, the CRAFT 2 code is shown to

benchmark very well versus the TMI-2 data and is suitable for the aerformances

of small break evaluations.

2, METHOD OF ANALYSIS

The CRAFT 2 code which is documented in topical report BAW-10092 , was used

to simulate the TMI-2 reactor coolant system hydrodynamics. The model

uses one node for the reactor building, two nodes for the secondary system,

and 23 nodes to simu. ate the reactor coolant system, including four nodes

for the pressur4.zer. A schematic diagram of the model is shown in Figure 1.

The analytic <1 model used for this sim'ulation is basically the same as B&W's
ECCS evaluation model. However, certain input assumptions which differ from
the eva?iation model approach, were made in order to obtain a "best estimate"
simulation. These assumptions are described below;

a. The initial core power level used in the model was 102% of 2772.

HoweJer, following reactor trip, the fission product decay heat

was adjusted to 98% power operation. The decay heat curve utilized
,
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.

is 100% , instead of 120% required by Appendix K to 10 CFR 50,
.

of the /RS 5.1 decay beat curve..

b. A loss of the main f eedwater pumps, which is the initiating

transient, was assumed at time zero. In order to account for

potential draining of secondary side fluid from the steam

generator downcomer into the tube region, a main feedwater coast-

down of 10 seconds was utilized.

c. A turbine trip coincident with the loss of main feedwater was

assumed. This results in the steam generator pressure being

controlled by a combination of the turbine bypass valves, the
atmospheric dump valves and the main steam safety valves. For

the first 90 minutes, the turbine bypass valves control the

secondary side pressure. In the simulation, these valves were

set at 1025 psig.

d. The CRAFT 2 input was adjusted to open the pilot-operated relief
valve (PORV) at 8 seconds. This opening time had to be input,

and the open valve simulated, since CRAFT 2 code does not hava

models for the pressure relief systems of the RCS. Preliminary

TMI-2 data was used to determine the PORV opening time. Present

TMI-2 scenarios indicate that the PORV actually opened at 3 seconds.

As will be shown in the results section, if the CRAFT 2 code had

an explicit PORV model, it would have predicted the opening at

3 seconds.

e. The reactor scram was chosen to occur at 10 seconds based on

preliminary TMI-2 data. Since the CRAFT 2 code docs not have

provisions for a reactor trip on high pressure, this had to be

simulated based on time,

f. The leak area utilized for the PORV is 1.05 in. and represents

the orifice area of the valve. The Moody critical discharge

correlation was utilized to predict the fluid lost through the PORV.

For the first 4b minutes of the simulation, a discharRe coefficient

(C ** ** * *#**" "# """ "* "**

D D
1.0 was employed.
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g. Actuation of t?s '?igh Pressure Injection System (HPI) was based on
.

ESEAS signal of 1615 psia. This resulted in the actuation of the

2 HPI systems at 1 minute and 45 seconds into the transient,
as opposed to 2 minutes and 2 seconds which was the make-up flow

. initiation time at TMI-2. Between 273 and 6100 seconds, the HPI

fleu was assumed to be throttled by the operator to an average

flow of c: 34 gpn. This value 12 based on preliminary assessment

on the net makeup flow to the R;S. No explicit modeling of
letdown was used, only net firi was simulated. After 6100 seconds,
an average net makeup (HPI) of 62 gpm was utilized.

h. A four-node pressurizermodel was used in the evaluation in order to
reduce instantaneous artifi~cial condensation in the pressurizer.

This phenomenon, which occurs when the subcooled reactor coolant
fluid mixes with two-phase pressurizer fluid, results from the

equilibrium model limitations of the code. This model is necessary

only to predict the response of the RCS during the initial phase
of the loss of main feedwater event. Also, the pressurizer

surge line resistance was updated to reilect more realistically

the TMI-2 surge line.

1. Steam Generator Modeling - The steam generator model was modified

to account for the following phenomena: ,

1. The overall heat transfer coerficient (between primary and

secondary) was assumed to ramp to zero in one minute to account for
the delayed auxiliary feedwater injection.

2. Full heat transfer coefficient was reinstated at 500 seconds
to account for the auxiliary feedwater injection af ter 8 minutes.

3. Auxiliary feedwater was initiated at 500 seconds with half of -

the design AFW flow capacity and with the SG level controlled
to 3 feet. With the reactor coolant pumps on, AFW is controlled

by the ICS to 3 feet.

4. Steam Generator B was assumed to be isolated at I hour and 41
minutes based upon preliminary TMI-2 data. This was simulated

by setting the heat transfer coefficient across the B steam

generator to zero.
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5. The auxiliary feedwater control level was manually raised
to 50% on the operating range at 1 hour and 45 minutes into

,

the transient due to the loss of the RC pumps.

6. The main steam safety valves were modeled to open at
5400 seconds, and the feedwater flow was increased at 6100

seconds. This was done to simulate the steam generator A
depressurization following the operator's attempt to increase
feedwater flow to stcam generator A at about 1 hour and 34 minutes.

j. The RC pumps in the B loop were tripped at 4400 seconds; the A loop
RC pumps were tripped at 6060 seconds. These values are consistent
with the TMI-2 data.

Table 1 provides a comparison of the assumed times for various system actuations

and operator actions to the NSAC scenario. As shot.'r., the values utilized are

reasonable compared to the actual performance during the TMI-2 transient.

4272 270 .
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* 3. RESULTS

3.1 System Pressure
,

Figures 2 and 3 compare the reactor coolant system pressure calculated by CRAFT 2

to the TMI-2 data. Following the loss of main feedwater, the pressure in the
RCS rose sharply due to the decreased heat removal across the SG. As sh'wn by

Figure 2, the CRAFT 2 prediction overpredicts the pressure during this phase of
the accident due to the delayed opening of the PORV 3 seconds in the transient

-

versus 8 seconds for the SRAFT2 simulation, and the delayed reactor trip, 8 seconds

for the transient versus lo seconds for the simulation. If the CRAFT code had

an explicit model for the PORV, opening of the valve would have been consistent
with the data and a better comparison would have been cbtained. After the re-

actor tripped, the RC pressure decreased. The calculated pressure drops below the -

actual data after 20 seconds. This is apparently caused by the 10 second main
feedwater coastdown employed in the simulation overpredicting ti'e drainage of
secondary downcomer fluid to the SG. Af tcr the SG dries out, approximately one

minute, the difference between the prediction and the data decreases.

Approximately 5 minutes into the transient, the fluid in the hot leg flashed
due to the depressurization of the RCS and the system pressure increased. As
indicated on Figure 3, the CRAFT 2 code properly predicts the system repressuri-

zation time, but overpredicts the actual pressure. The overprediction of sys-

tem pressure is probably caused by the assumed net makeup to the RCS during

this time period. Although the HPI was throttled to a net makeup of 34 gpm
during this time interval in the simulation, between 4:58 and 6:58, the NSAC
scenario of events indicate that the letdown flow was in excess of 160 gpm.

Thus, it is quite probable that there was a decrease in inventory in the RCS

due to the high letdown over this time period.

At 8 minutes and 18 seconds, auxiliary feedwater flow was readmitted to the SG

and primary system pressure decreased (Figure 3) to approximately 1100 psig
and was maintained at that value up to approximately one hour and 20 minutes.

.

M shown by Figure 3, ths. CRAFT 2 prediction is greater over this period by
about 100 psi. The coolant pressure was measured in the hot leg during the

accident; the predicted system pressure shown is the core pressure. The ac-

tual predicted hot leg pressure is about 60 psi lower than the predicted core
pressure. Also, the pressure in the secondary side was held in the CRAIT2

'
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simulation at 1025 psig, while the measured value was 1000 psig, resulting in
an additional deviation. Thus, the CRAFT 2 prediction reasonably follows the

~ transient behavior over this period when the deviations are considered. It

should also be noted that the primary system pressure during this phase of the
transient is basically controlled by the SG. The CRAFT 2 prediction did not

demonstrate fluctuations in system pressure during thic period as the sec-
ondary pressure of the SG is assumed to be regulated at 1025 psig. The plant

data shows that the secondary side SG pressure wat: not held constant over this
period, but fluctuated.

At one hour and 34 minutes, the RCS pressure dropped due to an apparent attenpt

by the operator to increase feedwater to the A SG. The analysis attempted to

simulate the depressurization effect of the increased auxiliary feedwater flow
by opening the relief valves at 5400 seconds and increasing the auxiliary feed-
water flow at 6100 seconds. This modeling technique was utilizad as little

information is available on the actual auxiliary feedwater flow 'clivered to the

SG during this period. As shown by Figure 3, this resulted in an underpredic-
tion of the primary system pressure until 7500 seconds and an overprediction
for the remainder of the transient analyzed.

3.2 Pressurizer Level

A comparison of the CRAFT 2 predicted pressurizer level to the TMI-2 data is
provided in Figure 4. As shown, there are two pressurizer level predictions

given in the figure. The first, entitled mixture level - CRAFT, is the calcu-
lated mixture level within the pressurizer. The second, entitled instrumenta-

tion reading - CRAFT, is the calculated liquid level that would be "seen" with-
in the pressurizer level tqps and is directly comparable to the TMI-2 data.

The initial pressurizer response and comparison to the loss of main feedwater
event (first 4 minutes of the transient) is not easily discernable in Figure

4. It was, however, discussed in the May 7, 1979, report. During this phase
.

of the accident, the pressurizer level responded in a similar manner as the
system pressure. Also, the comparison of the predicted to the actual response
of the pressurizer level is similar. That is, the rise in pressurizer level

during the first 10 seconds is overpredicted and the pressurizer level after
reactor trip is underpredicted. The reasons for this are the same as those
discussed previously in section 3.1.
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- ,11e significant aspect of this comparison is the predicted mixture level re-
sponse to the predicted instrument reading response during the transient. As
shown by Figure 4, the predicted instrument response and the measured response*

are in good agreement throughout the simulation. However, as shown by the fig-
ure, although the instrument reading is on scale for portions of the first 101

minutes of the transient, the actual predicted mixture level af ter 6 minutes is

at the top of the pressurizer. Thus, a two-phase mixture exited through the

valve ,during this entire period. Af ter 101 minutes, only stcam was entering the
pressurizer through the surge line (note that the RC pump have been tripped),
and the pressurizer nixture had reached a sufficient void fraction to allow for

P ase separation at the top of the mixture and only steam started to flow out.h

3.3 System Flow

Figure 5 shows a comparison of tue predicted and transient leap flows. As

shown, the predicted flow rates do not match well with the actual data. This

disagreement is caused by two factors. First, loop flow was mensured by.

Gentillis tubes, which are calibrated based on single phase flow. Their actual

performance during two-phase flow is unknown. Secondly, performance of the RC

pumps with two-phase flow is not well understood. In performing the evaluation,

a two-phase pump degradation multiplier based on the semiscale pump tests was

utilized. This multiplier results in a sharp decrease in pump head once any

significant voiding is calculated at the pump inlet. As shown, at 55 minutes,

the loop flow sharply decreased due to this effect. Although the agreement is

not excellent, the pump flow calculation does not appear to have significantly

affected the simulation.

3.4 Hot and Cold Leg Temperatures

Figures 6 and 7 show a comparison of the predicted versus actual response of the

hot and cold leg cemperature measurements during the transient. After 5 minutes

and up to the time the core started touncover, the RCS was saturated, and the

fluid temperature comparison has the same deviations previously discussed in section

3.1.

After the core starts to uncover, which occurs at approximately 110 minutes, the

hot leg temperature measurement indicated superheated steam (Figure 6). How-

ever, the CRAFT 2 prediction does not exhibit this behavior. This is due to

the one-node representation of the core and the equilibrium assumption of the

[272.273
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CRAFT code. As long as fluid is predicted to remain within the core node, re-

gardless of the actual amount of core uncovery, the one-node representation
.

calculates the exiting steam temperature to be saturated. However, the actual

physical process results in saturated steam at the top of the core mixture

level. This steam superheats as it receives energy from the uncovered portion

of the fuel pins. A multinode representation of the core would be necessary

to predict the hot leg temperature response during this period.

3.5 System Void Fraction

The average system void fraction evolution for the primary system, excluding

the pressurizer, is shown on Figure 9. Due to the continued loss of RCS in-
ventory through the PORV and the inadequate net makeup to the RCS, the system
void fraction increases almost linearly from 10 until 101 minutes into the

transient. At 101 minutes all the RC pumps have been tripped. At this time,

the RCS liquid inventory is distributed as follows; the RV is filled to slightly

above the top of the core; the loop seal in the B loop is full; the A loop has

very little inventory. During the subsequent 30 minutes, the RV inventory is

boiled-off and the steam is condensed by the A loop steam generator. Because

of the lowered loop design, this inventory remains trapped within the A loop
pump suction piping and the steam generator. During this period of time, the

core becomes uncovered. Thus, since the process is a redistribution of water

within the RCS with the only fluid loss being steam vented through the PORV,
the system average void fraction does not change significantly. .

3.6 Core Mixture Level

The calculated core misture level for the transient is given in Figure 8. As

shown, no core uncovery was calculated while the RC pumps were operating. How-
ever, closely following the termination of the RC pump flow, the level in the
core decreased. Core uncovery was calculated to start occurring at 105 minutes

into the transient. This compares reasonably well with the NSAC prediction of
approximately 103 minutes. Thus, the calculated loss rate through the PORV
and the net makeup to the RCS must be in reasonable agreement with the actual
behavior during the TMI-2 incident.

As shown by Figure 8, the core was predicted to totally uncover. However, this
result occurs due to the insufficient spatial detail in the core region. The

simulation assumes that all core heat is removed and deposited in the fluid.
This results in an overprediction of the core boil-off once the core is'un-

covered. A more detailed core model is necessary in order to predict how much
'

core heat is deposited in the liquid region for subsequent boil-off of the
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- core liquid and how much energy is used to superheat the steam. However, since
the simulation was basically made to determi.ie how the core uncovery occurred,
the refined core model was deemed unneces2ary.-

4. CONCLUSIONS

As demonstrated, the CRAFI2 code simulation predicts reasonably well the system
behavior during the first 2 hours and 20 minutes of the TMI-2 transient. In

fact, the evic ancovery +.ime is predicted within a few minutes of the inferred
core level response given in the NSAC report. Therefore, it is apparent that

the net makeup to the. RCS was very low (approximately 34 gpm) over this period
which resulted in uncovery of the core and subsequent core damage. Also, it
is shown that the CRAFT 2 code is able to predict the system hydrodynamics dur-

ing a small LOCA and is suitable for licensing calculations.
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' Table 1. Comparison of CRAFT 2 Assumption
to NSAC Ccenario

.

Time, hrs: min: see

Event NSAC CRAFT 2

Loss of feedwater flow / turbine trip 0:0 0:0

PORV opens 0:03 0:08

Reactor trip 0:08 0:10

HPIs actuated 2:02 1:45

HPI throttled 4:38 4:35

Auxiliary feedwater block valves opened 8:18 8:20

Reactor coolant pump 2B stopped 1:13:29 1:13:33

Reactor coolant pump 1B stopped 1:13:42 1:13:33

Steam generator B isolated 1:42:00 1:41:40

SG A level raised to 50% on operate range 1:40:00 1:41:40

Reactor coolant pump 2A stopped 1:40:37 1:41:00

Reactor coolant pump 1A stopped 1:40:45 1:41:00

..

9
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FIGURE 3 REACTOR COOLANT PRESSURE
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