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

Cctober 31, 1979

1-109-25

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
Licensez No. DPR-51
Outstanding Items Related to
BgW 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 following icems required in Attachment A to Enclosure
] of the Ross letter are attached: .

Item 1B 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 T™™I-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 rcmaining items required by Attachment A to Enclosure

1 of the Ross letter will be submitted per the following
schedule.
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1-109-25
i Mr. R. W. Peic -2- October 31, 1979

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

Item 2B Repressurization to PORV Set-
point with PORV sticking open

Qualitative Assessment 11/15/79
Detailed Analysis 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 BaW.
Very truly yours,
A 0 G

David C. Trimh
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 CRAFT2 code. .

RESPONSE

The CRAFT? code, which is documented in topical report BAW-10092, Rev. 21,
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 subcoeled 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.?
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
to the Staff in Section 6 of the May 7, 19793, 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 por» was 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 demonstrated that,
if one HPI pump remained available, no core urcovery would have oc-

curred.

2. A stuck open PORV 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.
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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
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 feedwater, one HPI
pump can handle the accident provided that realistic decay heat valves are
‘utilized. 1In all of these evaluations, the PORV was modeled via a leak
path representation in the CRAFT2 code. The orifice area of the PORV was
modeled as the leak area (1.05 in.?) and a discharge coefficient of 1.0
was utilized.

The method for modeling tﬁe PORV describedAabbve does result in a pre-
dicted steam flowrate, at the valve rated pressure, which is in excess of
the design (rated) flowrate. "An alternative modeling apprcach is to use
a discharge coefficient (CD) which, at the valve rated pressure, would
yield the valve rated flowrate. For the 177-FA plants, this is a CD of
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 CD = 1.0 used
in previous evaluations results is a conservative assessment of the tran-
sient. For the third case, the use of a smaller CD would result in a
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 CD of 0.85 would result in an inventory loss less than that calcu-
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 CD was chosen such that the rated
flowrate for the valve would be simulated at the valve rated pressure.
Because of the large relief capacity of the valve, the ~‘rstem pressure
oscillated within a few psi of the valve setpoint and tu ‘e was

exercised intermittently. Thus, any discrepancies between the modeied
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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 pump discharge piping.
Pump discharge breaks are analyzed to show conformance of the ECCS to meot
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 tLhe 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, "CRAFT2 - 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. Mattson, May 7, 1979, "Evaluation
of Transient Behavior and Small Reactor Coolant System Breaks in the
17 7-PA Plant . -

% 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 .1, 1979.

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

of Feedwater Tiansient.-on Davis-Besse," September 11, 1979.
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Attachment 2

RESPONSE TO QUESTION 2A OF ATTACHMENT A OF 8/21/79
D.F. RCSS LETTER

Question

2A. Providc justification that the 3 node steam generator model used in
the CRAFT2 analysis of small breaks is adequate for the prediction
of steam generator heat transfer.

RESPONSE

The B&W ECCS Evaluation Model! for small breaks utilizes a three-node repre-
sentation, in the CRAFT2 simulation, for the prediction of steam generator
heat transfer following a smali break. Two of the nodes, stacked verti-
cally, are used to model the primary side of the cnce through stzam 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 ‘s shown later, for esmall 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, in order
to successfully mitigate the transient. For the smaller break-. heat re-
moval via the SG is necessary. The three-node representation utilized
appropriately models the heat transfer characteristics of the OT. .. For
the smaller breaks, heat removal via the steam generator is necess: cy and
the heat transfer characterisiicc 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 smaller breaks exhibit large margin to core uncovery,
the CRAFT2 SC model is adequate for demonstrating compliance te 10 CFR
50.46.

In performing small break evaluations, the CRAFT2? code is used to pre-~
dict the hydrodynamic response of the primary system including the effect
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of SC heat transfer during the transient. The option 2 SC model, which
is explained in detail in Section 2.6 of topi:zal repc ‘t BAW-10092, Rev. 2,
is utilized to predict heat flow in the SG. The calculation progresses

basically as follows:

l. 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-stat> UA can be modifieda Sy 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 tramsfer, 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 volv. 2 temperatures, the amount of heat transferred is calcu-
lated.

In performing the small leak calculations for demonstrating 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
level used. However, a multiplier for reverse heat transfer of 0.1 is
utilized. This multiplier and its basis is explained in the ECCS evalu-
ation model topical report1 and is utilized to reflect the change in heat

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

The OTSG design of the B&W designed operating NSSs allows use of a simplis-
tic model for calculation of £G 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 SC has two ef-
fects on the small LOCA transient, First, it raises the thermal center
in the SG during the natural circulation phase of the accident which
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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 level 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 th}s 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 tranr-
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
demonstrated in the May 7, 1979 reports, SC heat removal is not necessary
for breaks of this size., For smaller breaks, SGC heat removal is necessary
as the break alone is not sufficient to remove enough fluid volume and
energy to depressurize 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 SC model utilized in the small break evaluations for
the operatinug 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 SC performance is not important for the worse
case small breaks. Thus, the CRAFT2 SGC model is adequate for demonstrating
compliance of the ECCS to 10 CFR 50.46.

REFERENCES

1 "pgWw's ECCS Evaluation Model," BAW-10104, Rev. 3, Babcock & Wilcox,
August 1977.

2 R.A, Hedrick, J.J. Cudlin, and R.C. Foltz, "CRAFT2 - 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. Verga (NRC), July 18, 1979.

¥ "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 May 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.

Resggnse

There arve two possibie ways in which the rezlease of noncondensible gases in
the primary systen could interfere with the condensation heat traensfer
processes which occur in the stcam generator during smell loss of coclant
accidents. If noncondensible gases filled the U bend at the top of the hot
leg, then water vapor would have to diffuse through the noncondcnsible cases
before they could be condensed in the steam gencrator. This would be a very
slow process and would cffectively inhibit natural circulation. Lesser
amounts of noncondensibles would rewuce the heat transfer by condensation
because the vapor would have to diffuse through the nencondensibles to get
to the condensate on the tubes.

Table 1 lists the potentia) sources and amounts of noncondensible vases for 2
177 fuel asserbiy plent. However, most of these cases would not be relezsed
for small break trenmcients  Appendix K evaluations performed for the 177FA
plants demonstrote that cladding temmeratures remain low and no cladding
rupture nor metal wator reaction occur. Thus, these sources can be neglected.
Also, the stean generaior 15 @ heat sink only if primary system pressure is
above % 1050 pria. Therofore, gases present in the core fleoding tank cen be
nenlected in ¢ddrencing the effect of noncondensible an SG condensation. The
only sources of nonconcencibies which might separate in the RIS are the gases
dissolved in the coolini, the gases in the pressurizer, gases in the makeup énd
borited vater storece Lank and geses roleased frem in allowed 19 Tailed fuel

in the core. nws, the maxisum axount 07 noncondeasiblc geses in the systen,
assvning &1l coe cones cuil of solution, no noncondenrsibles are lost through

the broel flow, that thore was one percent faiicd fuvel, end the injecticn of
€.4 x 10% o fr0m the polevp tank and BEST (typical of % 1500 sec of HP!),
would bho:

Dissolved ir coolant 563 scf

In pressurizer 166

Fission gas 2

Fuei rod 7ill gas 11

MU tank 24

BNST 14
Tetal 780 scf

3

This gas would cccupy a volur « of 22.4 ft™ at a prescurc of 1050 psia, the
lowest pressure condilion in the primsry system for which condensation heat
removal will occur. It should be noted that the assumed integrated injeciion
flow does not have a significant effect on the total volume of noncondensibles
vhich might be present in th» primary system. Since the volume required to
completely fill the U-tend in the hot leg is 125 113, the noncondensible gases
wi1l not impede iie Tlow of vepor 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 relea

sation of
and Hougen
phase:

where

s

sed due to conden-

vapor reaching the interface (see Figure 1). The model of Colburn

gives the tollowing equation for

¢

Kg =

PO
pi

pam

pai
pao

hg(Tg, - Tg;) + Kg Mg hf (Pg, - Pg;) (1)
condensation heat flux, btu/hr ft2
heat transfer coefficient for vapor layer, Btu/hr ft
bulk temperature, i

temperature of interface,  ;

mass transfer coefficient, %%;3?%9

molecular weight, 1bm/1b mole

latent heat of vaporization, Btu/lbm
1b.

partial pressure of vapor at bulk conditions, r7v)

partial pressure of vepor at the interface,

o
ft2
373
3 0o
rozp 9% P Gi- 1 )
z KT FY0) p/pzm

diffusion coefficient, ftzlhr
height

]bf ft
gas constant, 1545 ———5-

1b mole “R

absolute temparature at bulk conditions, Op
acceleration of gravity, ft/hr2
density, 1um/t3
density at bulk conditions, lbm/ft3
density at interface conditions, lbm/ft3
viscosity, 1bm/hr ft
pai_- pao
&n g%%
partial pressure of gas at interface, %%2

partial pressure of gas at bulk conditions, :

e

t

1272 261

the heat transfer in the vapor

2 OF

o ————— — —



For the application to 0TSG condensing heat transfer during small break tran-
sients, the term hg(Tg, - Tgj) can conservatively be negiccted since the vapor
velocities would be very low. Thus,

¢ = Kg Mg hfg(Pgo - Pgi). (2)

The heat transfer with noncondensible gases present s obtained by iteratior.
An interface temperature Tg; is assumed, which fixes /gj, and the heat transe:
across the liquid condensate fi'm is computed from

¢ = he(Tgij - Ty) (3)

where

3 1/4

he = we 2(Tg; - 1))

ps = density of fluid, 1bm/ft°

pg = density of vepor. 1anft3

kf = therael conductivity of fluid, Btu/hr ft %
T, = wall temperaturs, OF

v

The partial pressvra of the eac ai the Pulk conditicns can be calculated frem
the mule frection of noncendonsible guses. When the heat Tiux conputed from
equaticn 2 motches thot computed Ly equetien 3, the propoer interface temperatiure
has been found.

The impact of noncondensibles on the condgnsation heat transfer process during
2 small break vas examined Tor the 0.04 i1 and 0.01 ft2 cold leg breaks enaly-
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
transicnt. ‘

The amount of noncendensible gases, assuming that all gascs come cut of solu-
tion, would be 2.61 moles. The eifect of these gases is to raise the pressure
and primary temperature to cbtain the sam2 heat transfer. Assuming that the
noncondensibles accumulated only witlhin the steam generator uppcr plenums and
the steam generator tubes, the system pressure increase, due to noncondensibles,
would only be 25 psi. for a 0.04 ftZ break. and 40 psi, for a 0.01 ftl break. ;
It should be noted that this effect is predominantly due to the inclusion of
the partial pressuire of the noncondensibles, which is 24 psi for the 0.04 ft
break and 34 psi for the 0.01 7t2 Lreak, in the totcl system pressure. These
calculztions represent the maximum impact os they weie computed at the time
of maximum condensation heat flux for the respective cases. :

hs shown, the influence of noncondensibles does not significantly effect the
condensation heat transfer process. The estimates made are conservative in
that they assumed 211 the gas is located in ihe steam cenerators (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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TASBLE 1

CURCES OF NCMCCULINSIBLES ~ 177 FA PLANT

—— . — <’ st e

Total svaileble 17 _PAILED TUEL 12 TTAL-WATIR REACTION
Individual Indtvidunt e Irdividual Individual
Totel Gas Total Cas Total Total Cas Total Tetal Gas
Volume Veolumng Mass Mragses Val. Iad, Gas Mass Vrsses Vel. Ind. GCas M:se Masges
Source Ces acf sc!l 1b. 1%, rggg_ Yol, sef 15, 1b. s=f  Vol. sef _1b. 1b.
Dissolved in reactor B, &M, | 563 1, - 203 14 K, -1 ;
coolaant X, - 158 ¥y - 12.3
Pressurizer steam Ry & Ky | 126 Hz - 65 5.9 By = 0.
. N, - 71 ¥, - 5.5 '
2 - 2 - «J
Pressurizer water nz 5 l2 3c H2 - 20 0.91 “2 - 0.11
e Ky = 10 N, = €.8
Fission gases in Kr & Ye| 186 Kr = 20 65.5 Kr - &.8 ; i.9 Xz C€.2 0.6 Rr - 0.05 1.9 .
core Xe - 176 Yo - 60.7 - 1.7 Xe =« 0.51
Fuel rod fill gas He & 00-4 1133 Fe = 1092 14.8 F2 - i1.5 N1.3 e - 10.9 0.i6 Ee - 0.12] 11.3
X2 & 02 Ny - % N2 - 2.8 2 = 0.3 ¥z = £.02
O -8 Dy = 0.2 09 = 0.1 0z - C.01
Metal water raaction B,  [616,500 - 2320 - | 4165 - 23.2 -
(100%) i '
MU tank gas mpace i & N, 726 iy - 421 26.1 H; - 2.3
Ny = 25 X2 - 23.8
MU tank water spoce 2 &N, 24 Hy = 16 0.71 3 - 0.0¢ |
Xp =2 . ¥z = 0.62 '
ST Alr (N2 | 1383 Np - 002 121.2 ¥y - 70.3 |
& 0) 07 = 431 07 = 53.° i
C€F tank gas apace N, 26,248 - 2047 -
(two tanksa) !
CF tank water space ll2 964 - 75 - l
(two tanks) i
——— ~

N Assumptions
~

1
I~ 1. RCS contains 40 std. cc n;/x. water & 20 std. cc Np/Kg water, with water volume = 10,650 £+~ at S83F and 2200 psia.

2. Pressurizer water contain- 40 std. cc Hp/Kg water & 20 std. cc K2/Xg water with Henry's Law relation between water space ani steam space at 650F.
~OY Water volume = 825 ft) an steam volume = 716 £t

. Flssion gases based on inventory in core at 292 EFPD.
! 4. Fuel rod gas based on each rod containing 0.0375 gmol He, 0.0011 gmol N2 and u.00029 gmol/03.
5. Metal-water reaction based on 52,000 1b. Zr cladding.

6. MU tank values based on tank containing 200 ft3 gas space and 400 ) water space at 1207 with the water containing 40 std. cc H2/Kg and 20 std.
cc Np/Kg with Henry's Law relationship between gases in water aand in gas space.,

1 7. BWST contains 450,000 gallons of water saturzted with air, 1.e., 15 std. cc Np/Xg and B std. ce 02/Kg.

! 8. Each CF .ank contains 1040 ft> water and 370 ftJ gas space with 630 psig N2 at 120F with Heary's Law relation between water and Bad.
9. Values for 1% failed fuel based on Xe and Kr fission product inventery and fuel rod {111 gas (ile) In 1% of fuel rods being released to coolant.
10. Values for 1X metal-water reaction based on gases in Item 9 above and M) relessed from 1% of Zr cladding (520 1b.) reacting with coolant.



QUESTION 3C: Describe any operator ac-ions and/or emergency
procedures necessary to preclude introduction
of significant quantities 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-cnrndensible gases by preventing
core uncovery. Therefore, no revision to these

actions is necessary.
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Question 3D: Describe operator'actions te 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
_incomplete pending finalization of small break impact studies. Preliminary
investigations are centered upen (1) review of present provisions within the
small 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.
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Attachment 4
CRAFT2 SIMULATION OF THE MARCH 28, 1978

TMI-2 TRANSIENT

I. INTRODUCTION

In the May 7, 1979 "Blue Book" reportll. a CRAFT2 simulation of the first
hour of the TMI-? transient was presented. That analysis has since been
modified and updited to include more recent estimates of the net makeu
to the RCS during the event. This report presents the results of the
latest B&W CRAFI. simulatior of the TMI-2 event and covers :pproximately
the first 2 hours and 20 minutes of the transient.

The small break ECCS evaluation model, which is described in topical report
BAH—101042 and the July 18, 1978 letter teport3, 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—14 report. Thus, the CRAFT2 code is shown to
benchmark very well versus the TMI-2 data and is suitable for the -~erformances

of small break evaluations.

METHOD OF ANALYSIS

The CRAFT2 code which is documented in topical report ggg:;gggg?, 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 “he reactor coolant system, including four nodes

for the pressurfzer. A schematic diagrarn of the model is shown in Figure 1.

The analytic’ L model used for this simulation is basically the same as B&W's
ECCS evaluation model. However, certain input assumptions which differ from
the eva'-ation model approach, were made in order to obtain a "best estimate"

simulation. These assumptions are descriled below:

a. The initial core power level used in the model was 102% of 2772.
Howe er, 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 /NS 5.1 decay bzat curve.

b. A loss of the main feedwater pumps, which is cthe initiating
transient, was assuned 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.

¢. 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 CRAFT2 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 CRAFT2 code does not hav:
models for the pressure relief systems of the RCS. Preliminary
TMI-2 data was used to determine the PORV opening time. Present
T™MI-2 scenariosa indicate that the PORV actually opened at 3 seconds.
As will be shown in the results section, if the CRAFT2 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 hased on
preliminary TMI-2 data. Since the CRA¥T2 code does 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.z 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 4% minutes of the simulation, a discharge coefficient
(CD) of (.8 was used. For the remainder of the evaluation a CD of

1.0 was employed.
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h.

Actuation of t'. "igh Pressure Injection System (HPI) was based on
ESFAS signal of 1615 psia. This resulted in the actuation of the
2 HPI systems at 1 ﬁinute and 45 seconds into the trans:iont,

as opposed to 2 minutes and 2 seconds which was the make-up flow
initiation time at TMI-2. Between 275 and 6100 seconds, the HPI
flow was assumed to te throttled by the operator to an average
flow of = 34 gpn. This value 1 based on preliminary assessment
on the net makeup flow to the R.S. No explicit modeling of
letdown was used, only net flcrs was simulated. After 6100 seconds,

an average net makeup (HPI) of 42 gpm was utilized.

A four-node pressurizermodel was used in the evaluation in order to
reduce instantaneous artificial 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 rei_ect more realistically

the TMI-2 surge line.

Steam Generator Modeling - The steam generator model was modified

to account for the following phenomena:

1. The overall heat transfer ccveificient (between primary and

secondary) was assumed to ramp to zero in one minute to account for

the delayed auxiliary feedwater injection.

. Full heat transfer coefficient was reinstated at 500 seconds

to account for the auxiliary feedwater injection after 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 1 hour and 41
minutes basec 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 oper<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>