gég M- F2/03

O st v A i
)
HEC: BGG-M--92123
ldaho National benineering Laborator
ano Nationa ngineerin
a0 N RS aahe e, oy

Lhvge

The accident at Three Mile Island Unit 2 (TMI-2) provides an opportunity to benchmark severe accident
analysis methods against full-scale, integrated facility data. In collaboration with the U.S. Department of
Energy (DOE), the OECD Nuclear Energy Agency established a joint task group to analyze various periods of
the accident and benchmark the relevant severe accident codes. In this paper the author presents one result from
the TMI-2 analysis exercise that may be of interest in evaluating thermal hydraulics codes,

Arguably one of the more interesting aspects of the analysis results is the predicted pressurizer level
response during core heatup. A brief review of the accident scenario is relevant to understanding the pressurizer
behavior and the calculations?, Feedwater and turbine trips initiated the accident upon loss of condensate suction.
When the pilot operated relief valve (PORY) opened in response to the reactor coolant system (RCS) pressure
increase caused by the loss of heat sink it stuck open. The operators did not notice the stuck open PORYV, but
noticed the full pressurizer. The operators terminated high pressure injection and initiated letdown flow. The net
loss of coolant through the PORYV and letdown system caused the RCS coolant inventory to decrease to the
point at which the RCS pumps could not be operated. By ~100 min the operators had tripped all four RCS
coolant pumps, and core heat-up started at ~110 min. At ~140 min the operators closed the PORY block valve
terminating the loss of coolant through the PORV, However, flow through the letdown system continued. The
operators restarted the 2B RCS pump at 174 min for ~1 min. The restart pumped about 30 m3 of liquid into the
reactor vessel, RCS pressure increased rapidly during the 2B pump transient,

The above scenario is summarized in Figure 1 showing the measured primary and secondary system
pressures, At ~30 min into the accident RCS pressure had decreased to secondary saturation pressure, and
continued to folloa the A-loop secondary pressure until about 125 min. At ~125 min RCS pressure started to
increase departing from the A-loop once thrcugh steam generator (OTSG) secondary side pressure. The author
infers that energy was no longer being transported to the A loocp OTSG after about 125 min. Hydrogen
generation due to cladding oxidation probably caused the loss of energy transport to the A-loop OTSG. RCS
pressure continued to increase until the end of the 2B pump transient.

The measured pressurizer level and RCS pressure for 100 to 200 min after turbine trip are snown in Figure

2. After the last RCS pumnp trip the pressurizer level decreased following the decreasing RCS pressure. When
the operators closed the PORYV block valve the pressurizer level stahilized at a constant level. In the TMI-2 piant
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a U-tube surgeline as shown in Figure 3 connects the pressurizer to the hot leg. The U-tube arrangement could
allow the pressurizer and surgeline to act a manometer responding to the pressure differentiai between the hot leg
and pressurizer dome. If hot leg pressure is above the pressurizer dome pressure, then some liquid will be
retained in the pressurizer. Increasing RCS pressure at PORV block valve closure trapped the coolant inventory
in the pressurizer,

The TMI-2 analysis exercise participants® found that under some conditions the severe accident analytical
methods predicted that a severe accident might not have occurred due to pressurizer drainage after PORYV block
valve closure, Predicted drainage of the pressurizer cools the core delaying core heat-up. Codes such as
SCDAP/RELAPS predicted drainage depending on make-up fiow rate, see Figure 4. In effect a bifurcation in
pressurizer response is predicted. If liquid is converted to vapor (steam and/or hydrogen) in the core at a rate that
is greater than the condensation rate, then RCS pressure increases, and the pressurizer inventory remains
constant or increases. In this paper the author presents a sensitivity analysis of the factors that may influence the
calculated pressurizer level after PORYV block valve closure,

The phenomena considered include hydrogen generation rates, primary to secondary heat transfer, and energy
generation in the core. The sensitivity analysis was conducted using RELAPS, thus allowing improved control
of the parameters of interest. Figure § shows the SCDAP/RELAPS compared to the RELAPS calculations for a
make-up flow rate (MUF) of 0 kg/s. At 2 MUF= 0 kg/s RELAPS predicts drainage of the pressurizer, while
SCDAP/RELAPS predicts inventory hold-up in the pressurizer. The RELAPS calculation for MUF= 0 kg/s is
the base case for these sensitivity studies.

Parameter variaticns were generally initiated at 120 min. For the cases with hydrogen injection the injection
rate was assumed to be a constant at either 0.01, 0.05, 0.1, or 0.5 kg/s. An injection rate of 0.1 kg/s is about
equal to the average hydrogen generation rate for the SCDAP/RELAPS base case. Another set of variations
removed primary to secondary heat transfer at 120 min. I considered three cases: (2) nominal estimation of heat
ransfer before OTSG removal, (b) ten percent reduction in primary to secondary heat transfer before OTSG
removal, and (¢} 1/3 reduction in primary to secondary heat transfer before OTSG removal.

The effect of hydrogen injection is summarized in Figure 6. For the hydrogen injection rates of 0.01 and
0.05 kg/s do not lead to retention o? the pressurizer liquid inventory, Pressurizer liquid inventory is retained for
an injection rate of 0.5 kg/s (~5 times the SCDAP/RELAPS calculated hydrogen generation rate). At an
injection rate of 0.1 kg/s it is not clear that invenary will or will not be reteined since RELAPS aborted.



Another comparison is to the case where 25% additional decay heat, and hydrogen to simulate cladding
oxidation heat, The calculated pressurizer level is shown in Figure 7 for this case, 0.1 kg/s hydrogen flow, and
the SCDAP/RELAPS base case. The calculated pressurizer level is about the same in all three cases, It may be
concluded that hydrogen generation, and oxidation energy plays a direct roll in pressurizer level response.

The author also considered the primary to secondary heat transfer rate as one of the parametric sets. All
primary to secondary heat transfer through the steam generator ibes was removed from the base case calculation
at 120 min. For the parametric cases the heat transfer rate before OTSG heat transfer removal was reduced by
10% and 33%. These calculations are summarized in Figure 8. All three caiculations indicate pressurizer
drainage before 174 min. However, decreasing primary to secondary heat transfer does increase the time to the
onset of drainage.

The calculated pressurizer response is a result of the pressure difference between the hot leg and pressurizer
dome. In figures 9 and 10 the differential pressure (hot leg minus pressurizer) and pressurizer level for 0.1 kg/s
hydrogen injection and OTSGs removed are compared. The author found that the pressurizer drained when the
pressure differential fc.l below about 0.04 MPa (~6 psid). This occurred in all cases where RCS pressure did not
increase or could not be sustained to ~174 min, For example, Figure 11 shows the caiculated RCS pressure for
a number of cases. Only in the cases with sustained increasing RCS pressure after 140 min are associated with
pressurizer inventory retention,

A number of conclusions may be drawn from the predictions of pressurizer level. First the predicted
pressurizer level after PORYV block valve closure is determined by thermal hydraulics as well as the calculation
of hydrogen generation. Second it is possible to arrive at a nonconservative prediction of pressurizer level
(pressurizer drainage). Although some aspects of severe accidents may not depend greatly on thermal hydraulics,
itis the author's conclusion that predictions of severe accidents require severe accident models properly coupled
10 reliable thermal hydraulics models.
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Figure 1. TMI-2 measured system pressures.
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Figure 2. TMI-2 measured pressurizer level.
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Figure 3. Pressurizer arrangement.
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Figure 4. SCDAP/RELAPS calculated pressurizer level vs. measured level.
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Figure 5. Comparison of SCDAP/RELAP5 and RELAPS calculations of pressurizer level.

400

380

300

280

200

Level {in)

180

100

80

0

Y

- Measured - 0.01kg/s
-~ 0.05kg/s — C.1kg/s
---0.5kg/s
- \ \_\
\
\
\\
- \\
100 120 140 1680 & 20
Time (min)

Figure 6. Calculated pressurizer level response to hydrogen injection.
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Figure 7. Calculated pressurizer response to simulated oxidation energy.
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Figure 8. Calculated pressurizer level for steam generator heat transfer variations.

e

1

ik

Won o o e ey

R N RN T T IR

LU ST T O]

W



1.0E-01 360
+ 340
8.05'02 4 320
g
= 1 300
2 8.0E-02
B 4 280
2
a
B . + 260
€ 40E-02 I N,
3 N + 240
& —..
.
2.0E-02 ]\J ™~ T 220
l\ P 200
g
O-OE"'OO »J | 4 | 180
100 110 120 130 140 150
Figure 9. Hot leg-Pressurizer differential pressure vs. pressurizer level - 0.1 kg/s hydrogen injection.
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Figure 10. Hot leg-Pressurizer differential pressure vs. pressurizer level - no sieam generators, 67 % heat
transfer 100 min< time < 125 min.




— Measwed -- SCDAPRELAPS — RELAPS@

5 @0ky/s 0.1 kg/s + 1.25°P
@ = NoOTSGs& =~ SCDAPRELAPS4 kg/s
< G=.67base
% 0 }
®
&

5 |

0 L L 4 1 1

&0 100 120 140 160 180 20
Time (min)
Figure 11. Calculated RCS pressure.
DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor aly agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes ary legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, procets, or service by trade name, trademark,
munufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed hercin do not necessarily state or reflect those of the
United States Government or any agency thereof.










