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This testimony of Brian W. Sheron and Waltorn L. Jensen, Jr.
presents the NRC Staff's response to the Appeal Board's Questions 2, 4,
5,6, 7,9, 10 and 11 (ALAB-708 at 43-44),

SUMMARY
Answer to Question 2: The use of high point vents to promote liquid

natural circulation has not been experimentally or analytically studied
by the NRC Staff. However, a qualitative assessment indicates that the
vents may be useful to restore interrupted 1iquid natural circulation in

two situations.

Answer to Question 4: Except for the nodes added to the description of

the hot leg piping to allow better representation of steam formation and
natural circulation interruption, the approved and the modified ECCS
evaluation models are identical. Both models predict that the boiler-

condenser process would be effective in removing decay heat.

Answer to Question 5: The Staff has reviewed and approved the B&W ECCS

evaluation model and the CRAFT-2 compu*er code contained in the B&W ECCS
evaluation model that calculates heat transfer, including heat transfer
by the boiler-condenser process, between the primary and secondary sides
of the stcam generators. The Staff has concluded that the
boiler-condenser process will remove sufficient decay heat to prevent

core uncovery if at least one train of ECCS is available.
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Answer to Question 6: Only breaks slightly smaller than 0.07 ft° in

area must be analyzed to demonstrate comp'iance with 10 CFR 50.46
because breaks in that size range produce the highest peak cladding
temperature and the greatest amount of core uncovery. Studies performed
by B&W have shown that no core uncovery or clad heat-up occurs for

2

breaks much smaller than zbout 0.07 ft° in area.

Answer to Question 7: EG&G - Idaho performed an analysis of a 0.01 ft2

cold-leg break using RELAPS to duplicate to the extent possible an

analysis performed by B&W in which natural circulation was calculated to

be Tost and then reestablished in the boiler-condenser mode. The EG&G
analysis did not show the boiler-condenser process to be established but

did show that decay heat was removed by intermittant establishment of a
two-phase "chugging" circulation. Because boiler-condenser natural
circulation was not established in the first calculation a second calculation
in which boundary conditions were imposed to force boiler-condenser natural
circulation to occur was performed, and boiler-condenser natural circulation
was calculated to be established at a decay heat removal rate greater

than the decay heat production rate.

Ancwer to Question 9: Fred and bleed is neither relied upcn nor needed

to remove decay heat for design basis events at TMI-1.

Answer to Question 10: EGAG has compared the results of a post-test

RELAPS computer code analysis of Semiscale test S-SR-2 to the
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experimental data. RELAP-5 would have acceptably predicted the
experimental data had HPI flow characteristics and secondary system heat

losses been better accounted for.

Answer to Question 11: The results of a RELAPS computer code analysis

performed by EGAG demonstrate that feed and bleed will successfully
provide core cooling at TMI-1. The results of a TRAC computer code

analysis performed by LANL for an Oconee unit -upport that conclusion.
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NRC STAFF TFSTTMANY OF BRIAN W. SHERON
AND WALTON L. JENSEN, JR. IN RESPONSE T0
APPFAL BOARD QUESTIONS 2, 4, 5, 6, 7, 9, 10 AND 11

N.1 State your names and positions with the NRC.

A. Our names are Brian W, Sheron and walton L. Jensen, Jr. Brian W,
Sheron is Chief of, and Walton L. Jenson, Jr. is a Senior Nuclear
Engineer in, the Reactor Systems Branch, Divisira of Systems
Integration, 0Office of Nuclear Reactor Regu’ation. Statements of
our professional qualifications were submitted in "NRC Staff
Response to Appeal Board Order of October 15, 1982," dated
Nctober 25, 1982,

0.2 What is the purpose of your testimony?

A. The purpose of our testimony is Lo address Appe2] Board
Questions 2, 4, 5, 6, 7, 9, 10 and 11. (ALAB-7M8 dated
December 29, 1982). Thoce questions and our answers are as

follows:



Nuestion 2:
When and under what conditions such size vents would or would not be

useful to promote liquid natural circulation, including reasons for the

conclusicns. reached?

Answer: The use of high point vents to promote liquid natural
circulation has not been evaluated either analytically or experimentally
in detail by the staff. Therefore, the following discussir) is a
gualitative rather than a quantitative one and is subject to analytical

and/or experimental confirmation,

High print vent operation to restore interrupted liquid natural
circulation is expected to be useful in two situations. The first
situation, and that for which the vents are to be installed, involves
ine remnval of non-condensible gases that could become trapped at the
top of the hot lea inverted U-bends as a result of an inadequate core
cooling condition. The gas that is removed would have to be replaced by
reactor svstem coolant or the pressure decrease associated with the
venting would lower reactor svstem pressure to the saturation pressure
at the prevailing coolant temperature and cause 17quid coolant to flash
to steam. If this steam, along with any steam produced by boiling in
the core, were to accurulate at the hot leg high points, liquid natural
circulation might no* be readily restored.

The second situation ic similar to the first vuc involves removing 2
steam bubble rather than non-condensible aas from the top of the hot
legs . During the -ecovery period of a small break LOCA in which the
primary system is refilling with subcooled water, or during the recovery

from any transient event which results in steam bubble formation at the
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top of the hot legs and in which the prinary system is refiiling with
subcooled water, opening the high point vents would aid in the recovery
of liquid ngtura1 circulation, By opening the vents, the steam would be
removed and'read11y allow subcooled water to replace the volume occupied
by the steam, If sufficient subcooling were to exist, then no flashing
would be expected and the system would be expected to refill ligquid
solid and provide a 1iquid natural circulation flow path between the

core and the steam generator,

There are some conditions under which operation of the hot leg high
point vents is not expected to be use‘ul. For example, during certain
small break LOCAs, the initial net inventory loss from the reactor
coclant system will result in steam veids at the system high points,
including the top of the hot leg U-bends. These steam voids may
interrupt natural circulation. If the hot leg high-point vents were to
be opened in an attempt to restore liguid natural circulation, they
would produce a local depressurization and could cause liquid coolant to
flash to steam. This steam would rise to the top of the hot leg l/-bends
to replace the steam being vented. Liquid as well as steam might be
expelled when the vents were opened and would further deplete reactor
coolant. In general, during any conditions of reduced primary system
inventory thai results in uncovering the hot leg U-bends, Tiaquid natural
circulation «i11 be interrunted and cannot be restored until primary
system inventory is restored sufficiently to refili the hot-leg U-bends,
opening of the hot leg vents for conditions of inadequate reactor system
inventory would result in additional coolant loss and would not promote

1iquid natural circulation.



Ouestion 4:
Whether the modified BAW CCCS evaluation model for small breaks that
predicts the boiler-condenser process is an NRC approved code under

Appendix K to 10CFR Part 507

Answer: It is our understanding that the "modified B&W ECCS evaluation
mode1" referred to by the Appeal Board is the one used by B&W to perform
some of the calculations documented in Licensee Exhibit 5. In that
exhihit the licensee presented the results of LOCA analyses for break
sizes smaller than those which had been previously evaluated to

demonstrate compliance with Appendix K to 10CFR 50.

ECCS evaluation models include computer codes, the model description of
the reactor system and assumptions about the performance of the
engineered safety features. The modified BAW ECCS evaluation model is
jdentical to the NRC approved ECCS evaluation model with the exception
that addition2) nodes have been added to the description of the hot leg
piping ww 21low steam formation and natural circulation interruption to
be better represented. The computer code (CRAFT-2) which is used in
both the modified B&W ECCS evaluation model and the NRC approved ECCS
evaluation model is the same. The CRAFT-2 computer code contains the
equations and assumptions for heat transfer, includino heat transfer by
the boiler-condenser process, between the reactor system and the steam
generator. Therefore the equations and assumptions dealing with the
boiler condenser process which are utilized in the B&W modified
evaluation model have been approved by the NRC under Appendix K to

10CFR50. It is only because of the additional noding that the modified



evaluation model is not considered staff approved, since we originally
approved a different nodal description, Exhibit 5 presented analyses of
small break LOCAs utilizing both the modified BAW ECCS evaluation model
and the NR& approved B&W ECCS evaluation model. Both models predicted
that the boiler-condenser process would be effective in removing decay

heat if a condensing surface were uncovered within the steam generators.

Question 5:
Whether the staff has reviewed the BAW Appendix K model to determine the

ability of the code to calculate the effects of small breaks, including

reliance upon boiler-condenser circulation?

Answer: The ecuations and assumptions dealing with heat transfer
between the reactor system and the steam generators including heat
transfer bv the boiler-condenser process are contained in the CRAFT-2
computer code which is part of the B&W ECCS evaluation model. The B&W
ECCS evaluation model and the CRAFT-2 code that is included in the model
have been reviewed and approved by the MRC Staff. Following the THI-2
accident, B&W performed a number of small break LOCA calculations for
break sizes smailer than those which had been evaluated to demonstrate
compliance with Appendix K to 10CFR50. These calculations indicated
that for certain small break sizes, heat remova! by the boiler-condenser
process would be required to remove decay heat from the reacter system.
The calculations were performed to provide a basis for revisions to
small break LOCA emergency procedures. The staff did not re-review the
equations and assumptions contained in the CRAFT-2 code at that time.

The staff did perform audit calculations of sm211 breaks in BAW designed



plants using the RELAP-4 computer code, These calculations are
documented in NUREG-0565. As did the B&W analyses, RELAP-4 predicted
the boiler-condenser mode of natural circulation to be effective in

removing decay heat and providina continued core cooling.

The staff has concluded that the heat transfer mechanisms involved in
the boiler-condenser process are adequate to remove decay heat from the
reactor system and wi’l prevent core uncovery if at least one train of
ECCS is operable. This conclusion is based on both the B&W CRAFT-2
calculations and the RELAP-4 audit calculations, as well as our
evaluations of the heat transfer mechanisms involved in the process and
discussed in commonly available heat transfer texts. Although detailed
reactor coolant system behavior during the period of natural circulation
interruption in the analysis of certain small break sizes is not well
understood, the system must eventually drain down and a steam condensing
surface in the steam generator would be exposed before the core could
begin to be uncovered. Once a steam condensing surface were uncovered,
boiler-condenser natural circulation would commence and depressurize the
system so that the decreased break flow, along with the increased HPI
flow, would result in a net inventory increase in the primary system
before the core could begin to uncover., The staff has evaluated the
recnanism involved in che beiler-condinser heat transfer rrocess anc has
concluded that the condensing surface that would be available would be
capable of removing all decay heat generated by the core if an adequate

supply of feedwater were available.




Ouestion 6:

Whether only breaks slightly smaller than 0.07ft2

must be analyzed?
Answer: T& demonstrate compliance with the criteria set forth in
10CFR50.46, only breaks slightly smaller than 0.07 ftZ and above must be
analyzed for B&W designed reactors because B&W has shown that the
Timiting small break LOCA occurs for this break size. A postulated small
break size of 0.07ft? was calculated to produce the highest peak

cladding temperature and the greatest amount of core uncovery,

Part 1(C)(1) of Appendix K to 10CFRS0 requires that ECCS performance
analyses consider a spectrum of possible breaks. The purpose of this
requirement is to ensure that the worst break size is analyzed. For
small break LOCAs, compliance with this requirement has historically
been demonstrated by selecting a 1imited spectrum of break sizes to
deteri.ine the break size which produces the maximum amount and duration
of core uncovery, and hence the highest cladding temperatures, amount of

oxidation, etc.

Licensing analyses and sensitivity studies performed by B&W over the
years have shown that for break sizes much less than about .07ft2, no
core unccvery is predicled te occur, Without core urniovery, the
cladding will not heat up and will remain only slightly atave the
coolant saturation temperature since the core will be cocled by ponl

boiling.



tur confidence that core uncovery will not occur for breaks much less

2

than about 0.07ft“ is based on the followina considerations:

(1) Analyses performed to date by R&W and our own contractors do not
prediét any core uncovery for breaks much less than about 0.07ft2.

(2) The relative eievation of the condensing surface in the steam
generators with respect to the top o7 the core is such that an
ample condensing surface for steam condensation and decay heat
removal will be exposed before the primary system inventory would
drop below the top of the core. Because of the establishment of
the condensino surface and consequential decay heat removal, the
primary system will be depressurized so that safety injection flow
can exceed break flow and replenish primary system inventory before
the core can become uncoverad .

(3) Vent valves which allow pressure equalization between the vessel
upper plenum and the downcomer assure that the liquid level in the

core cannot be significantly mismatched with the 1iquid level in

the steam generators.

Question 7:

Confirmation (such as by means of detailed computational analysis or
experimental testing) that boiler-condenser circulation flow will
transport sufficient core de.ay heat %o the steam generators to prevent

core damage,

Answer: At present, there are no experimental data from a test facility
geometrically similar to the B&W reactor design confirming the boiler

condenser mode of natural circulation. However, we have recently



received a cormitment from the B&W Owners Group to enter into a
cooperative program with the NRC to construct and operate a test
facility at the Alliance Research Center (ARC). We anticipate data from
this fac113ty to become available in 1985, We also anticipate that some
applicable data may become available from the single-loop GERDA
facility, also at ARC, within a few months. The purpose of the testing
is not to confirm the effectiveness of boiler condenser decay heat

remnoval,

We are relying on detailed computational analyses being performed by
both B&W, the NRC staff and our contractor EGAG, Idaho to demonstrate

the efficacy of boiler condenser natural circulation.

In response to the Appeal Board's question, we asked EG&G, Idaho, under
contract to and the direction of the NRC staff, to perform a small-break
LOCA analysis for the TMI-1 plant using the RELAPS computer code. This
code is an advanced analysis code which accounts for both

non-homcgeneity and non-equilibrium,

The analysis performed for was an 0.01 ft2 small break in the cold leg
piping. The objective of this analysis was to duplicate, to the extent
possihle, an analycis performed hy B%W and documented in Licensee's
Exhibit 5 in which natural circulation was calculated to be lost and

then reestablished in the boiler condenser mode.

The following initial conditions were assumed for the analysis:
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0 only one of the two HPI pumps was assumed operable
0 the decay heat used was the draft 1973 ANS standard increased
by 20 percent

0 only one motor-driven auxiliary feedwater pump was assumed to

be feeding ]
both steam generators
0 reactor coolant pumps were tripped at reactor trip.

Table 7-1 describes this calculated sequence of events.

The results of the analysis were that boiler-condenser natural
circulation was not calculated to be established, but rather, decay heat
was removed by intermittent establishment of a bubbly, two-phase

"chugging" type circulation.

Following the break in the cold leg, the system began to drain since the
break flow was primarily liquid and exceeded the HPI makeup ficw. Once
the top of the hot legs voided and natural circulation was los*t, steam
generated in the core flowed from the upper plenum through the vessel
vent valves into the upper downcomer annulus and cold legs. The HPI
injected into the cold legs was not sufficient to condense all o the
steam being vented to the cold Tegs, and a steam "bubble" was calculated
to form and grow in the cold iegs. This steam bubble displaced water in
the cold leg by forcing it into the steam generator. The water that was
in the steam generator, however, was not circulating and was continuing
to be cooled by heat transfer to the secondary. Thus, as water from the
cold leg was pushed into the bottom of the steam generator, it forced
the cool water in the generator back up into the downflow side of the

hot leg and inverted U-bend. Once this cool water contacted the steam
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TABLE 7-1

Sequence of Events

Tine (sec) Since Time (sec) Since

Start of Accident Start of Steady State

(shown on plot)

0 400 .01 sq ft CL break occurs
37.52 437.% Scram (based on P-T rela-

tionship ANS +20%, RCP
trip, AFW initiates

38.53 £38.5 Turbine stop valves close
41.92 441,92 Main Feed valves close
55 455 Prz. heaters off
(low level)
108 508 HPI on (low prim pressure)
150 550 RCP Coastdown complete

natural circ. begins

Loop A NC lost, Min. press.

Loop B NC lost

Cyclic restart & stop of

natural circulation

EFW terminated (S6=220")

Calc. over, stable
primary pressure, HPI
exceeds bhreak

flow, vessel level stable
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at the top of the U-bend, rapid condensation of the steam occurred,
producing a local depressuriza*tion and allowed coolant from the hot leg

+o be forced over the ll-bend and into the steam generator.

This behavior is best characterized as a “chugging" behavior ard the
sudden flow surge was calculated to "mix the system up,” sweeping the
steam bubble out of the cold leg and allowing the system to collapse
back and again uncover the hot leg U-bend and interrupt natural
circulation. The process is then calculated to repeat for several more

cvcles,
In Figures 7-1 through 7-4, key calculated parameters are shown,

These results show a different system response from the B&W analysis
results presented in Licensee's Exhibit 5. The reasons for the
differences are not obvious but may result from differences in
calculational assumptions. Nodalization is a possible reason for the
differences. In addition, the power level in the B&W calculation was

12% lower than the EG&G calculation.

More recently, BAW has submitted a revision to cheir small break LOCA
analvsis modrl in response to TMI A tion Plan Item 11.K.3.30. These
analyses show different system behav-or from that predicted by the old
model. These differences are believed to be primarily due to the use of
a more realistic steam generator heat transfer model. The staff

presently has the revised B&W model under review. Therefore, our
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evaluation of this model revision is rnot yet complete. However, we

recognize that the new model results do not predict any core uncovery.

The staff h;s Tong recognized the uncertainties in the behavior of the
B&W plants during very small-break LOCAs due to uncertainties in the
analysis models. However, we maintain tnat while these uncertainties
affect our detailed understanding of plant performance, they do not
change our conclusion that adequate core cooling will not be jeopardized

for all small-break LOCAs within the licensing desian basis.

Although the 0.01 ft2 SBLOCA calculation described above did not result
in stable boiler-condenser natural circulation, the staff performed a
second calculation with RELAPS for TMI-1 in which conditions necessary
for establishing boiler-condenser natural circulation were imposed on

the analysis throuah the scenario assumption.

A hypothetical transient was initiated in which all feedwater to the
steam gererators was assuned to be lost. The reactor was calculated to
trip on high reactor system pressure after seven (7) seconds. Approx-
imately 300 seconds later, the pressurizer safety valves began to cycle
open. After 2000 seconds (33 min.), when the reactor coolant system was
highly voided, one motor-driven AFW pump was assumed to be actuated. Mo
ECCS flow was assumed. Figures 7-5 and 7-6 show the reactor cvstem
pressure and safety valve mass discharge respectively. As can be seen
from these figures, establishment of AFW flow estabiished
boiier-condenser natural circulation. The decay heat removal rate was

areater than the decay heat production rate as indicated by a sudden
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decrease in the reactor system pressure and closure of the pressurizer
safety valves. The PORV was not modeled, Based on this calculation,

the staff concludes that boiler-condenser natural circulation 1s an

effective means for decay heat removal,

As an additional means of demonstrating the heat removal capability of
the boiler-condenser mode of natural circulation, the staff evaluated
the capability of the TMI-1 steam generators to remove decay heat in the
boiler-condenser mode by performing a scoping heat t)nsfer calculation
using techniques discussed in commonlv available heat transfer texts.
The mechanism for boiler condenser heat transfer involves condensation
of steam inside the steam generator tubes, heat conduction through the

tube walls and boiling of feedwater on the outside of the tube walls,

The heat transfer coefficients for all these mechanisms were determined
to be high. For a temperature difference between the primary and
secondary system of approximately 10°F an overall heat transfer
coefficient of 515 BTU/hr-sqft-F was determined. The total heat
transfer surface area of the THI-1 steam generators is 236,020 ft2, The
resultino heat transfer rate would be 355 Mwt or 14% of full reactor
power, BA&KW calculates that boiler-condenser natural circulation would
not be established until at least 1500 sec. following a small break LOCA
at which time tnc core decay heat power level would be onlv 2,.5% of full
power, 0Onlv 18% of the steam generator tube surface area would be
required to remove 2.5% of full power, In the event of a small break
LOCA, the operators at TMI-1 are instructed to raise the steam generator
water level to 95% on the operating scale., This action would create a

potentially large condensing surface above the top of the core equal to
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about 27% of the total tube surface area. Auxiliary feedwater enters
the steam generators near the top of tlhe tube bundle and in running
down the steam generator tubes would create a2 still larger area for
steam condensation above the core of about 62% of the total tube surface
area. The staff concluded that an adequate fraction of the total steam
generator surface area would be available to remove decay heat in the
boiler condenser mode. The staff utilized the Nusselt equation for
condensing heat transfer and the Jens and Lottes eguation for boiling
heat transfer. Both these equations have been determined to under

predict experimentally measured heat transfer rates.
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Nuestion 9:
Whether and under what circumstances reliance on feed and bleed is

necessary at TMI-1?

Answer: It is the staff's position that feed and bleed operation is
reither relied upon nor necessary to remove decay heat for events within
the design basis for TMI-1. The ability to remove decay heat by feed
and bleed cooling is considered as a backup capability in the event of
loss of secondary system heat removal capability (e.g., all feedwater to
the steam generators is lost). Feed and bleed cooling involves using
systems under conditions for which they were not specifically designed.
Based on analyses performed by B&W and by the staff, we believe that
there is a high probability that these systems will perform
successfully, and we encourage operators to use all means available to
maintain cooling of the core (including non-safety grade equipment)
under emeraency conditions. However, in our licensing review, we do not
rely on these systems to perform a feed and bleed function in the
context of a design basis for the plant. Instead, our reliance is on

the auxiliary feedwater system for decay heat removal.

Ouestion 10:
fesults of the effort by £G6AG to demonstrate the ability of the RELAPS

computer code to predict the results of Semiscale test S-SR-2.

Answer: The results of the EGAC effort to demonstrate the ability of
the RELAPS5 computer code to predict the results of Semiscale test S-SR-2

are documented in a report attached to a letter from P. North (EG&G) to
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Mr. J. E. Solecki (DOE) entitled "Extension of Analysis of Primary Feed
and Bleed Cooling in PWR Systems - PN-08-83," dated January 14, 1983,

In this report, EGAG compared the results of the RELAPS post-test
analysis of Semiscale test S-SR-2 to the experimental data, accounting
for actual HPI flow characteristics and steam generator secondary side

heat losses that occurred during the test.

These comparisons showed that RELAP5 was capable nf predicting the data
to within the accuracy of the experimental uncertainties. The
calculations also showed that when the minimum system inventory results
in a vessel liquid level in the vicinity of the top of the core, or
below the top of the core, small uncertainties in the inventory
calculation could produce significant uncertainties in the level
calculation and, consequently, the degree to which core uncovery would

be expected.

In Figures 10-1 through 10-5, comparisons of calculated to measured
system pressure, PORV flow, HPI flow, and pr=ssurizer and vessel

collapsed liquid level are shown, respectively.

As can be seen in Figure 10-5, the vessel collapsed 1iquid level appears
to be predicted quite well by RELAPS. However, in Figure 10-1, it can
be seen that the code slightly o erpredicted the system temporal
pressure response, Because of this, the PORV fiow (Figure 10-2) was

slightly overpredicted and the HPI flow (Figure 10-3) underpredicted.
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Since the effect of these differences between the calculated and
measured mass inputs and outflows on the overall ability to predict
temporal system inventory was not clear to the staff, EGAG, Idaho was
requested io provide additional figures. In Figures 10-6 and 10-7,
comparisons of the integrated HPI and PORV flows, respectively, are
<wowr, As can be seen in Figure 10-6, the uncertainty in the
intearated HPI flow is estimated at 2400 seconds to be

7 kg o 19%

37 kg
Similarly, from Figure 10-7, the uncertainty in the integrated PORV flow
is estimated at 2400 seconds to be

M%mz

115 kg
In Figure 10-8, measured to predicted net system mass is compared. As

can be seen, at 2400 seconus, the uncertainty is estimated to be

23kg o 20%
113 kg

Based on the above, we have concluded that RELAPS has dewonstrated its
capability to correctly calculate Semiscale test S-SR-2, and that the
discrepancies between the prediction and test previously noted have been
satisfactorily accounted for by use of actual HPI flow characteristics
and be*tter steam generator secondarv heat loss estimates., However, the
uncertainty in the inventory calculation is such that it must be
accounted for when reaching conclusions on the efficacy of feed and

bleed cooling.
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Question 11:

Results of a RELAPS-type analysis to determine whether feed and bleed

will successfully provide core cooling at TMI-1.

Answer: In response to the Appeal Board request, the NRC staff asked
EGAG, Idaho to perform a feed and bleed analysis for the TMI-1 reactor
usina the RELAP5 computer code, The analysis assumed a loss of all
feedwater (both main and auxiliary) to the steam generators at 300
seconds. The reactor conlant pumps were also tripped at 300 seconds.
The decay heat used was the draft 1973 ANS Standard. The HPI injection
was delayed until 20 minutes after the event initiated and no credit was
taken for the PORV (i.e., bleed only accomplished with safety valve).

The results of the analysis are shown in Figures 11-1 through 11-5,

Figure 11-1 shows the hot leg pressure versus time. As can be seen,
cnce the steam generators dry out, the system pressurizes to the safety
valve setpoint and the safety valve then controls to cycle open and
closed relieving sufficient fluid to remove the decay heat. Figure 11-2
shows the collapsed liquid level in the reactor vessel. In this
calculation, the top of the active core is at a level of 238 inches.
Because the collapsed level shown in Figure 11-2 does not drop below the
top of th: core, the core remzins covered and well cooled. It should be
noted that this is the collapsed 1iquid level., In reality, the water in
the core will be boiling, and the voids distributed in the core will

raise the effective level,
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Fiqure 11-3 shows the calculated fuel cladding temperatures., As is
seen, they remain slightly above the saturation temperature during the

entire course of the event,

In Fiqure 11-4, the integrated mass flows both out of the system (safety
valve) and into the system (HPI) are shown. In Figure 11-5, the net
system mass flow out of the system is shown. This curve is obtained by
subtracting the integrated KPI flow from the integrated safety valve
flow. At approximately #,000 seconds the net mass loss from the primary
system ceases to increase and begins Lo decrease, indicating that the

system is beginning to refi’” and recover.

As stated in response to Appeal Board Question 10, the results of
Semiscale test S-SR-2 have shown that mass inventory uncertainty is
important if the minimum system inventory results in liquid levels near
the top of the core. To account for this uncertainty, we examined
uncertainties in the HPI and safety valve flows, as well as

uncertainties in the code calculation itself.

Safety Valve Flow Uncertainties

EGAG, Idaho reported that rated safety valve relief capacity, which is
the relief capacity used ir these analyses, is about 15 percent below
the tested relief capacity for the Nresser- type safety valves used at
TMI-1 for steam flow. Tha2 uncertainty in relief capacity is estimated
at +15 percent of the rated capacity for steam flow. Therefore, we

conclude that the steam relievina capacity assumed in the RELAPS analysis
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conservatively accounts for uncertainties with respect to expected
relieving capacity. We also point out .hat the safety valve was
calculated to cycle open and closed. Hence it was not relieving at its
rated capaéity and any uncertainties in relieving capacity would be

accommodated by changes in the cycling time.

EG&G also examined the uncertainty in the liquid relieving capacity of
the safety valve. They reported that the safety valve liquid flow
calculated by RELAP5 is an average of 9 percent above the measured flow,
and the uncertainty on this value is +15 percent. However, the flow
discharge area was sized to 15 percent smaller in the analyses. This
leads to a estimated uncertainty range in liquid relief valve flow of

-15 + 15 + 9 = 49%

-15 - 15+ 9 = -21%

Thus, the liquid flow uncertainty is biaced in a conservative direction.

We have not examined in detail the uncertainty in two-phase flow through
safety or relief valves. However, as the following discussion
illustrates, we believe that the uncertainty in either liquid or
two-phase safety valve flow does not play an important role in whether

or not TMI-1 car feec and bleed.

Following a loss of ali feedwater and subsequent dryout of the steam
generators, the primary system coolant begins to heat up from the core
decay heat and expands, expelling steam from the pressurizer steam

space. Once the steam is expelled, the safety valve flow transitions to
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liquid discharge. The primary system coolant continues to heat up until
the saturation temperature corresponding to the safety valve setpoint
pressure is reached. At this time, boiling in the core begins, and the
steam gene;ated rises and accumulates primarily at in the top of the
vessel, displacing liquid which is forced out of tne vessel, into the
hot legs, then out through the pressurizer safety valve. This process
continues uniil the mass loss through the safety valves causes the
primary syste ' to void extensively in the upper regions so the hot leg
void is large and that mostly steam can enter the pressurizer surge line

and exit the safety valve.

During the period in which the safety valve flow is liquid, the flow
exceeds the HPI makeup capacity and a net system inventory loss is
occurring. Only when the hot leg void fraction becomes significantly
large does the safety valve flow transition to steam and only at that
time does the HPI flow begin to exceed the safety valve flow. In other
words, for feed and bleed to be a viable means of decay heat removal,
the safety valve flow must be almost essentially steam flow, not liquid
or two-phase. This means that the primary system void fraction must be
high in the upper portion of the vessel and the hot leg pipes so that
steam can enter the hot legs and the surge line. One question that does
arise is that 3lthough steam from the core now has a direct path to the
surge line, the pressurizer can have a2 significant quantity of liquid
remaining in it, unable to drain due to counter-current flow limits, It
is conceivable that the steam entering the surge line could entrain this
residual 1iquid in the pressurizer as it rises to the safety valve

entrance and still result in a two-phase discharge for a limited period
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nf time until after hot leg uncovery all of the liquid in the
pressurizer was finally entrained and discharged. We have examined the
Semiscale test S-SR-2 data and conclude that this is not the case. The
Semiscale d;ta shows that once steam was able to enter the pressurizer
surge line, the re’ief valve discharge quickly transitioned to steam

flow, with very little entrainment of the residual liquid.

The conclusion reached is that in order for feed and bleed to be
effertive, the safety valve discharge must be steam. Therefore, only
the steam flow uncertainty would affect the ability to feed and bleed,
and the Tiquid or two-ph:se safety valve flow uncertainties have only a

minor influence on the efficacy of feed and bleed at TFI-1,

HPI Flow lincertainty

fhe HPI pump flow uncertainty was stated to EG&G, Idaho by GPU
to be known to within 5 gallons per minutes. Compared to the total HPI
flow frum one pump at the safety valve relief pressure (254 gpm), this

represents a small uncertainty (less than 5 percent) and is acceptable.

Code Uncerteinty

To account for code uncertainty, we examined the effect of assuming a 25
percent uncertainty in the calculated vessel inventory at the time of
minimum inventory. If the remaining vessel “‘nventorv at the time of
minimum system inventory is reduced by 25%, we estinate that although
the collapsed liquid level would drop approximately two feet below the
top of the core, the mixture level, assuming a similar axial void

distribution in the core, would remain well above the top of the core.



Our conclusion is that our calculation of feed and bleed for TMI-1

demonstrates that the core will remain covered and adequately cooled.
Our confidence in this conclusion is supported by the uncertainty
evaluation discussed above, and the supplemental calculation we had
performed by Los Alamos National Laboratory, using the advanced TRAC

computer code and which is described below.

At the request of the NRR staff, the Los Alamos National Laboratory
(LANL), under contract to and direction of the NRC's Office of Nuclear
Requlatory Research, performed a feed and bleed analysis on an Occnee
reactor. Thic reactor is essentially the same as the TMI-1 reactor and
Lo power level used was 2568 MWth, which is 33 MWth higher than the
TMI-1 power level. In Figure 11-6, the net mass loss versus time is
shown, As can be seen, at about 8000 seconds the net mass loss stops.
In Figure 11-7, the fuel rod temperature is shown. The temperature is

calculated not to go significantly above the saturation temperature.

In summary, the LANL analysis shows that feed and bleed will provide

adequate -ore cooling.
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This testimony of Jared S. Wermiel presents the NRC Staff's
response to the Appeal Board's Question 8. (ALAB-708 at 43).

The purpose of this testimony is to clarify the safety-grade status
of the EFW system functions and components that are necessary to cope

with design basis events at ™T.1,

Summary

The flow control valve function and the condensate storage tank
level indication function are not presently safety-grade for all design
basis events, In addition, portions of the EFW system piping and
controls have not been shown to be capable of withstanding a safe
shutdown earthquake. Actions necessary to upgrade all EFW system
functions and components to safetv-grade status are expected to be
completed by startup following the first refueling after restart.

0Df the EFW system functions that are not safety grade for all
design basis events the flow control valve function is the only one
necessary to cope with a loss of main feedwater and a small break LOCA.
Manual action can be taken to restore EFW flow in the e 'ent of a failure

of the ICS that leaves both flow control valves closed.



