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ABSTRACT
.

This investigation analyzes the progression of a severe accident in a
BWR Mark I containment in order to develop realistic containment temperature
and pressure loading as part of the fRC's resxamination of the accident source
term. The investigation considers a transient initiated event with loss of
coolant make-up and focuses on the challenges to containment integrity. There
is a large uncertainty as to the condition and location of the core debris
after vessel failure so sensitivity studies are used to investigate the range !

of possible conditions. The results indicate that for a broad range of
core debris conditions, th.e ultimate capacity of the containment will be
reached within 2 to 5 hours after vessel failure.
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1. INTRODUCTION

The results described in this report are an outgrowth of our participa-
tion in the Containment Loads Working Group (CLWG) developed under the NRC's
Accident Source Term Program Office (ASTP0). The initial specification of a

l
standard problem for Mark I containments was described in the November 3,1983 |
memorandum by M. Silberberg. The standard problem defined in Reference 1 ad- '

dresses the issue of drywell temperature loadings during the ex-vessel inter-
actions of the corium with concrete. The concern is that the integrity of the I

drywell would be compromised by high temperatures and/or high pressures !

shortly after vessel failure, previous results by Yue and Cole (NUREG/CR-
,

2825) indicate that for a transient initiated LOCA with failure of all make-up '

(TOUV) the containment would fail about 31/2 hours after accident initiation
with drywell containment temperatures in excess of 1300*F. A loss of drywell l
integrity in Mark-I and Mark-II BWR containment designs is potentially impor- '

tant because radionuclide releases would occur directly into secondary build-
ings bypassing the suppression pool and potential pool scrubbing.

The approach taken has been to define a set of physically consistent ini-
tial conditions appropriate to the two base cases under consideration and for
the Mark I containment type. This was done by reference to appropriate ex-
perimental evidence and by use of simple hand calculations. The sample prob-
lems definedl the initial masses, composition, and temperature of the corium.
We therefore defined the dispersal and final deposition of the corium. -These
initial conditions were then used to calculate the subsequent corium/ concrete ]

2 ;

interactions. The BCL developed MARCH 1.1 computer code has been used exten- !
.

sively to model containment response during corium/ concrete interactions. In
'

3addition, the MARCH 1.18 computer code developed at ORNL has been used for j
application to severe accidents in BWR Mark-I plants. Both of these versions ;
of MARCH utilize the INTER * code as a subroutine to model corium/ concrete in- 1

teractions. Murfin," the developer of INTER, stressed that the model repre-
sented only a first prototypical containment building melt-through analysis.
An improved core / concrete interaction model, CORCONs, has been issued by San-
dia National Laboratories. The CORCON model improves upon the preliminary
INTER model because it is intended to provide quantitative estimates of full-
scale reactor fuel-melt accidents. While it is outside the scope of this re-
port to replace the INTER model in MARCH with CORCON, it is possible to run
MARCH and CORCON concurrently. The initial conditions for core / concrete in-
teractions obtained from the sample problem were input to CORCON. The output
from CORCON involving water, hydrogen, carbon dioxide, and carbon monoxide was
then input to a MARCH analysis which bypassed the INTER model.

1.1 Descriotion of the Reference Mark I Containment

The Mark I containment system consists of the drywell, the pressure sup-
pression pool, the vent system connecting the drywell and pressure suppression
pool, a containment cooling system, isolation valves, and various service
equipment. Figure 1.1 shows the arrangement of the drywell and pressure sup-
pression pool.

i
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The drywell is a steel pressure vessel with a spherical lower portion and
a cylindrical upper portion. It is designed for an internal pressure of 0.531
MPa (62 psig) at a temperature of 138'C (281*F). Normal environment in the
drywell during plant operation is an inert atmosphere of nitrogen at atmos-
pheric pressure and a temperature of about 57'C (135'F).

The vent system consists of 8 circular vent pipes which connect the dry-
well to the pool. The pressure suppression pool is a toroidal shaped steel

3pressure vessel located below the drywell. The pool contains about 3823 m
3(135,000 ft ) of water and has an air space above the witer pool of 3370 m3
3(119,000 ft ). Inside the pool extending around the circumference of the

torus, is a 1.45 m (4.75 ft) diameter vent header. The 8 drywell vents con-
nect to this vent header. Projecting down from the vent header are 96 down-
comer pipes which terminate 1.22 m (4 ft)-below the surface of the water.

The torus which contains the pressure suppression pool is designed to es-
sentially the same requirements as the drywell liner, i.e., a maximum internal
pressure of 0.531 MPa (62 psig) at 138'C (281*F), but neither the drywell nor
the torus is designed to withstand the stresses which would be created by a
significant internal vacuum. To ensure that a significant vacuum cannot occur
in the drywell, vacuum breaker valves are installed, which will open to permit
flow from the pressure suppression pool airspace into the drywell whenever the
suppression pool pressure exceeds the drywell pressure by more than 3447 Pa
(0.5 osi). Additional vacuum breaker valves with the same setpoints are in-
stalled to permit flow from the Reactor Building into the pressure suppression
pool airspace, to prevent a significant vacuum in the wetwell.

'

The specific design parameters for the standard problem are listed in
Tables 1.1, 1.2, and 1.3.

1.2 Descriotion of the Standard Problem'

The " base case" accident sequence is a TOUV-type sequence in which the
main steam system is isolated and all reactor vessel injection capability is
lost at the time of a reactor trip from 100% power. Because of mass loss out
of the SRV's and the lack of coolant injection, the core eventually becomes
uncovered. In this sequence, automatic ADS actuation will not occur, and man-
ual actuation is assumed not to occur, so that the RCS remains at high pres-
sure. The uncovered core becomes molten and the debris falls into the reactor
vessel lower p'enum where, eventually, the corium attacks the reactor vessel
bottom head.

When the reactor vessel bottom head fails, the corium falls onto the dry
concrete floor of the drywell and the corium-concrete reaction begins. As
steam is liberated from the concrete, previously unoxidized zirconium in the
corium is oxidized, releasing large amounts of energy. If sufficient quanti-
ties of unreacted zirconium and steam are available, the drywell temperature
may increase quickly to values significantly above the design temperature.

,

The comparison calculations are performed for a Mark I plant and the
,

standard problem conditions are listed in Table 2.1. The output of interest!

I
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nere is the pressure and temperature (assuming both are spatially uniform)
history of the drywell atmosphere as a function of time after vessel failure.

lIt is apparent that the details of this standard problem provide infor-
mation on the conditirn of the corium leaving the reactor vessel, but do not
provide a specific description of how the corium disperses on the drywell
floor. This was done to allow the analysts to use (and document) their best
judgment on how this dispersal will occur.

1.3 Secuence Description

The TOUV sequence is concerned with failure to provide any ECCS make-up
following an initiating event. A loss of all feedwater has been chosen to 11-
lustrate the event sequence. Uoon a loss -of feedwater, vessel water level
starts to decrease because of a mismatch between the coolant inventory loss in
the form of steam and the supply of feedwater. As the vessel water level de-
creases to Level 4, the reactor is scrammed and runback of the recirculation
cumo is initiated. At this point, the control rods are automatically inserted
into the core, terminating full-power operation.

Because there is no ECCS make-up flow, the vessel water level continues
to decrease due to boil-off from stored heat and fission product decay. At
the Level 2 setpoint, the recirculation pumps are tripped and the MSIVs start
to close. This isolates the reactor from the power conversion system. Soon
afterwards, the vessel pressure reaches the SRV setooints and excess vessel
pressure is relieved by SRV steam discharges into the suppression pool.

,

Based on MARCH 1.1B calculations,3 with no HPCI, RCIC, LPCI mode of RHR,
or core spray, the core would uncover at about 33 minutes and core melt would
start at about 70 minutes. The core melt /slumo vessel failure secuence is
highly uncertain and very sensitive to modeling assumptions. Without Control
Rod Drive (CRD) flow, MARCH ,6 predicts that the core will melt, sl ump , and3

fail the vessel head within about two hours with as much as 1700 pounds of hy-
drogen being generated. It should be noted that, with CRD flows, substan-

7tially more H2 is predicted to be generated but core damage is delayeo for
three or more hours and for most sequences core melt is prevented. While the
TOUV sequence with CRD flow may be at least as likely as one without CR0 flow,
the net effect of delaying or preventing core melt makes it less interesting
as a centainment loading orablem and it has not been examined as part of the
standard problem.

After the core melts and sl umos , MARCH predicts the vessel will be
breached within about 30 minutes. There is a large uncertainty as to the con-
dition and location of the core debris after vessel failure but for the pur-
ooses of the standard problem, it is assumed that a large fraction of the fuel
(80%) along with all tne zirconium and some of the lower head and sucoort
structure (140,000 lbs) is uniformly distributed on the drywell floor. Sensi-
tivity studies are then used to investigate key parameters.

,

&
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2. DISCUSSION OF MAJOR PHENOMENOLOGY AND ANALYTICAL METH00S

The standard problem addresses the issue of drywell temperature loadings
during ex-vessel interactions of the corium with concrete. The concern is
that the integrity of the drywell would be compromised by high temperatures
and/or high pressures shortly after . vessel failure. Previous results by Yue
and Coles indicate that for a TQUV sequence the containment would fail almost
immediately after vessel failure due to drywell containment temperatures in
excess of 704*C (1300'F). A loss of drywell integrity in Mark I BWR contain-
ment designs is potentially important because radionuclide releases would oc-
cur directly into secondary buildings bypassing the suppression pool and po-
tential pool scrubbing.

Table 2.1 defines the initial masses, composition and temperature of the
corium. The definition of the standard problemI permitted the individual

analyst to define the dispersal and final disposition of the corium. The ini-
tial conditions were then used in combination with debris disposition and con-
tainment geometry to calculate the subsequent corium/ concrete interactions.
For the present calculations, the initial conditions for core / concrete inter-
actions obtained from the sanple problem were input to the CORCON M001 code.
The output from CORCON-M00 1 involving water, hydrogen, carbon dioxide, and
carbon monoxide generation was then input to a MARCH 1.1B analysis, which by-
passed the INTER subroutine.

Spreading of the corium melt specified within the Mark I pedestal area
would produce a collaased pool 85 cm deep. With gas fluidization (bubbling)
from corium/ concrete interactions (CCI), the pool depth will be even greater. *

It is clear that such a deep pool will remain molten and rapidly spread
through the two pedestal access doors into the ex-pedestal (annular) space.
An even spreading over the whole available area would produce a pool 22 cm
deep (collapsed level). This is still a rather deep layer but based on the
scoping estimates of heat losses for the M?rk-I design, it appears that
spreading over the entire drywell ficor area is unlikely. Based on these heat
loss estimates, maximum spreading case has been taken to be 5 meters in esoius
for standard problen purposes. This represents about 50% of the drywall
floor. The calculations neglect the effect of the transient spreading of the
corium.

There are two major variations of the TOUV base case: A nigh temperature
case (at the fuel melting point) and a low temperature case (at the melting
point of steel). It is assumed that for the low temperature case, the core
debris could not flow and would remain confined within the pedestal wall.
Conversely, the high temperature case is expected to spread rapidly into the
annular space surrounding the pedestal. These two cases produce dramatically
different results but most of this difference is due to the debris temperature |

dif ference and not to geometric differences.
,

1

In the Mark I containment, there are a number of sumps in the drywell
floor (two-1 m deep sumos are imnediately under the vessel inside the pedestal
wall). The corium would therefore be rather deeo above these sumos and the
temperature of deep corium pool will respond differently than a snallow 0001

i
1
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during core / concrete interactions. The calculations for the shallow pool con-
figuration are unlikely to be representative of the thermal response of the
corium in the sumps. Additional calculations were therefore performed for a
deep pool assuming all of the corium to be retained inside the pedestal wall.
These are limiting calculations as the pool depth is overestimated. The corium
stays hot much longer in the deep pool configuration but after 5 hours the to-
tal quantities of gases released are nearly the same as when the coriun is
spread across the entire floor area (shallow pool configuration).

'2.1 Core / Concrete Interactions Modeling

The CLWG Standard Problem specification for the Mark I BWR is dominated
by the calculation of the interaction of molten core debris and the concrete
drywell floor. Several models currently exist and are in widespread use with
which to make this calculation. Among these models are the INTER model,"
CORCON-M00 1,5 and CORCON-M00 2 computer codes.8 For the present calcula-
tions, the BNL staff used the CORCON-MOD 1 code in a stand-alone configuration
and input the results manually to the MACE subroutine in MARCH 1.19. A descrip-
tion and comparison of these core-concrete interaction model felicws .

CORCON-M00 1 is a general model discribing the thermal and chemical in-
teractions between molten core debris and structural concrete. The major cork
ponents of the system are the concrete cavity, the molten debris pool, and the
gas atmosphere and surroundings above the pool. The geometry of the system is
formul ated as a two-dimensional, axisymmetrical system, althouah speci fic
geometries not available as code-supplied options may be user-input.

The code offers three default concrete compositions or the user may input '

any specific concrete composition. The core debris is assumed to be molten
and consist of metallic and oxidic phases, primarily UO , Fe0, Zr0 . Steel e2 2
and Zr. The metallic and oxidic phases are assumed to separate into unmixed
overlying layers. Mixture layers and an overlying water layer are not avail-
able in CORCON-MOD 1.

A gas atmosphere exists above the pool as well as structural surround-
ings with which mass and energy exchange with the molten pool may occur.

Thermodynamic and transport properties as well as phase transition cri-
teria for the molten debris cool are internally calculated at each time step.
Mass and energy transfer between the various layers of core debris, as well as
between the debris and the surroundings, occur instantaneously and are assumed
to be in equilibrium. Models are included for heat transfer across the melt-
concrete interface, between pool layers, and from the pool to the atmosphere
and surroundings. The interaction between the pool and concrete is driven by
the local temperature difference between the two and varies around the periph-
ery of the pool. The pool-concrete interface is treated as an incomoressible
gas film composed of concrete decomposition gases. Heat transfer across this
film is calculated by appropriate convective heat transfer models.

.

The erosion of concrete is modeled as one-dimensional, steady-state abla-
As the concrete is heated it decomposes, releasing H O and CO, into thetion.

pool or gas film and molten concrete slag into the pool. 2 The moften oxide

_- -
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slag is transported to the oxide layer, diluting the layer density and even-
tually resulting in an inversion of the oxide and metallic pool layers.

The concrete decomoosition gases that bubble through the pool, H O and2
C0 , oxidize the metallic layer, resulting in the release of chemical energy2

and CO.and production of H2

Convective heat transfer within the pool is enhanced by the bubbling of
I concrete decomposition gases. Internal heat transfer is modeled by either gas

injection across liquid-liquid interfaces or gas agitation along liquid-liquid
interfaces. Energy sources in the pool consist of ' chemical reactions or decay
heat generation.

|

For the present calcul5tions, it was intended to maximize the thermal at-
tack on the concrete by eliminating convective and radiative energy transfer
from the pool surface to the containment atmosphere and structural surrouno-
ings. This was accomplished by setting the pool surface-to-atmosphere convec-
tive heat transfer coefficient to zero and the emissivity of the drywell
structures to a very small value. The results of the CORCON-MOD 1 calcula-
tions are in the form of core debris temperature and integrated gas release
and are shown for the parametric sensitivity cases studied in Figures 2.1 to
2.6. The summary of the parametric variation for each case is listed in Table
2.1.

.

i
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3. STANDARD PROBLEM RESULTS

The Mark-I Standard Problem was analyzed by BCL, SNL, and BNL using three
different analytical methods. ORNL has performed similar calculations for the
TQUV sequence which have been documented previously ,7 and their results will6

not be repeated here.

The predicted drywell atmospheric temperatures, for the TOUV base case
(high temperature, maximum debris spreading) are shown in Figure 3.1. BNL has
assumed that the core debris is effectively " blanketed" by a combination of
structure and aerosols. This assumption maximizes the attack on the concrete
thus maximizing the production of steam and non-condensable gases. The dry-
well temperature is predicted to reach a peak of 343C (650*F) within one hour
after vessel failure. Then the temperature droos to about 260C (500*F) over
the next several hours.

The pressure loading calculations for the base case are shown in Figure
3.2. Two limiting calculations have been chosen from the sensitivity calcula-
tions to emphasize the extent of the uncertainty range. It should be empha-
sized that the specified base case is itself a somewhat limiting case (maximum
Zr oxidation, maximum debris temperature and maximum debris spreading).

Thus, from Figures 3.1 and 3.2, it is clear that for this extreme case
(high temperature debris, maximum H2 generation and maximum debris dispersal),
the thermal loading problem also becomes a pressure loading oroblem and it is
a race between the two possible failure mechanisms. ,

|

|

1

|
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4 SENSITIVITY STUDY RESULTS

As mentioned in the previous section, the base case should not be con-
sid3 red to be a best-estimate of the progression of a TQUV accident sequence.
Rather it is a specified standard problem which provides the basis for compar-
ison; between the various participants in the CLWG. Since there is consider-
able uncertainty in the accident conditions as well as design variations from
plant to plant, the standard problem also addresses a series of sensitivity
calculations as discussed in the following subsections. A complete set of re-
suits for the sensitivity study is included in Appendix A.

4.1 Debris Temoerature

The rate of core / concrete interaction is very sensitive to the debris
temperature at the time of vessel failure. The debris temoerature calculated
by MARCH is, in turn, sensitive to several input parameters including time-
step size and clad oxidation, particularly during the core slump phase of the
calculation. More detailed phenomenological modeling and experimental evi-
dence would be needed to predict best-estimate debris temperatures for all
possible accident sequences. The CLWG approach was to consider a range o'
possible debris temperatures, namely, the UO melting temperature, 2277C

2
(4130*F), and the stainless steel melting temperature,1482C (2700 F). Witn
present uncertainties related to in-vessel core meltdown progression, neither
of these limits can be precluded at this time.

The temperature and pressure loadings ' for the two limiting cases are
,

shown in Figure 4.1 and Figure 4.2 for the drywell compartment. For the high
temperature limiting case the compartment pressure is calculated to exceed the
threshold pressure (the point at which plastic yielding occurs and the con-
tainment will leak or rupture) 2-1/4 hours after vessel failure. However the
compartment temperature is well above the seal design temperature (138C for
Brown's Ferry) during this period rising to a peak of 365C (660*F) within 2
hours. The combination of high temperatures and pressures is excected to
cause degradation of drywell seals and allow gases and fission creducts to
leak from the primary containment. This leakage may have a net oositive ef-
fect in that even a small amount of leakage may limit the pressure rise and
prevent catastrophic overpressure failure.

4.2 Concrete Comoosition

The specific core / concrete reactions and the gases evolved from these
reactions are very sensitive to the concrete composition. The sensitivity
study (Table 2.1) specified two concrete compositions (recresenting limestone l
and basalt) plus two variations in the free water content. Cigure 4.3 shows |

'

the predicted pressure response for the two nominal compositions with the high i

temperature limiting case. At these limiting temperatures the attack on ba-
saltic concrete is predicted to generate considerably less non-condensable gas
with the pressure estimated to oe 35 osi less than the limestone case af ter 5

hours.

_ _
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The containment response for basaltic concrete is very sensitive to the
free water content while there is only a slight effect on the limestone con-
crete as shown in Figure 4.4 The high water-content concrete is taken to be
twice the nominal content.

4.3 Debris Discersal

The Mark I lower pedestal region would tend to confine the initial debris
dispersal to a 6 m diameter area immediately beneath the reactor vessel. How-

ever, there are doorways in the pedestal which, for the high temperature case,
woulp allow molten debris to flow outward into an angular region about 13 m in
diaqeter. It is assumed that the high temperature debris will spread out and
attack the entire drywell floor area but the low temperature debris will re-
main confined to the pedestal region as previously noted. However, in order
to assess the importance of the debris spreading assumption, a high tempera-
ture case was also run in which the core debris was assumed to be retained
within the pedestal region insoite of the access doors.

The pressure and temperature response for the high temperature spread and
confined cases are shown in Figures 4.5 and 4.6. Note that the spread case

initially has a much higher gas generation rate and results.in a correscond-
ingly more rapid pressure rise. However, for the confined case, the debris
remains at a higher temperature and maintains a much more aggressive attack on
the concrete. After about one hour the gas generation rate for the spread
case is less than that for the confined case and the pressure rise rate has
moderated until after 5 hours; the pressure for the confined case is nearly as
high as the spread case.

,

4.4 Uoward Heat Transfer

Preliminary -calculations with CORCON indicated that with a transparent
atmosphere, the dispersed debris would rapidly lose heat to the cooler struc-
tures above and would cool bel ow the concrete ablation temperature within

,

about one hour after vessel failure (see Figures 3.1 and 3.2). This case pre-

sents a problem for the CORCON-M00 1 code in that there is no further core /
concrete interactions and the code terminates the calculation. After the de-
bris cools to the concrete ablation temperature, there will be very little
non-condensable gas generation and the predominant energy exchange will be
radiation to the structures and convection from the structures to the drywell
atmosphere. This limiting case has not been analyzed past this point bu' it
should be noted that this result is essentially in agreement with preliminary
results from 10COR for the TOUV sequence. As shown by IDCOR (Reference 9) un-
der these conditions, the decay heat will be radiated to the drywell resulting
in a gradual rise in the drywell temperature with little or no corresponding
rise in pressure. Since the drywell wall is insulated, the temperatures will
rise over a period of several hours until the containment fails by ove r-
temperature.

'

However, there are several points that argue against the possibility of
a frozen low temoerature debris layer rapidly stooping core / concrete reac-
tions.
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1. There are a considerable number of structural barriers to preclude
uniform spreading over the entire floor as well as to limit radia-
tive view factors to uoper structures. Thus, soreading over 50% of
the drywell floor (5 m radius) has been taken as the limiting case
with the highest non-condensable gas generation rate.

2. CORCON calculations indicate that the debris freezes rapidly and
will have little opportunity to spread if it is released from the
vessel in a confined configuration.

3. The large amount of arrosols generated from the core / concrete attack
| will limit radiation to structures and may provide a thermal blan-

keting effect.

With these several factors to consider, the BNL approach has been to make
assumptions which tend to maximize the rate of non-condensable gas generation
in an effort to investigate the limiting pressure loading on the containment.
Thus, along with the limiting core debris temperature, 2277C (4130*F) speci-
fied in the standard problem, the BNL approach assumes a uniform spreading of
the debris across the entire drywell floor and a thermal blanketing effect
from the aerosols. " Direct heating" of the containment atmosphere may provide
still higher pressura loading if a significant fraction of the sensible heat
and chemical energy in the debris is transferred directly to the atmosphere

; during debris dispersal. Due to the structural confinement in the pedestal
region, this is believed to be a low likelihood scenario for BWRs.

'

4.5 Heat losses

There are three sources of energy in the containment after vessel fail-
ure: 1) chemical energy from the oxidation reactions, 2) sensible energy from
the debris, and 3) decay heat from radionuclides. The first two are very sen-
sitive to temperature and dominate the early containment response for the high
temperature limiting case. As shown in Figure 4.7, the steel heat sinks (the
steel shell and " miscellaneous steel") tend to ameliorate large soikes in tem-
peratures, but they do very little to affect long-term behavior. However, for
the maximum spread case, sufficient heat may be lost by concrete decomposition
and thermal radiation to cool the debris down to the concrete ablation temper-

atu re. At this point upward radiation may be sufficient to remove the decay
heat and prevent further concrete decomposition. As mentioned in the previous
section, freezing of the core debris is prevented from occurring via the ther-
mal blanketing (emissivity = 0) assumption. This assumption forces concrete
decomposition to continue indefinitely, so the containment will continue to
pressurize due to the addition of non-condensable gases and energy from the
decay heat and oxidation reactions.

4

, _ , , , , _ _ , -
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5. CONCLUSION

For a wide range of possible core debris conditions following vessel
failure, the TOUV accident poses severe loads which threaten the structural
integrity of the containment. For the limiting high temperature case, the
analysis indicates that the drywell temperatures would rapidly exceed 600*F,

.; while the pressure would build up to the ultimate capacity (132 psia) within 2
hours after vessel failure. For lower temperature debris the pressure / tempera-

,

ture buildup in the drywel_1 is much slower than for the high temperature case
but the containment would eventually be threatened by a combination of temper-
ature and pressure loading.

.

I

i

e

e
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Table 1.1 BWR4 reactor vessel and core parameters

Number of assemblies 764
Fuel rods per assembly 62

Water rods per assembly 2

Fuel rod diameter (inch) 0.483
Fuel pellet diameter (fnch) 0.410
Water rod diameter (inch) 0.591
Core equivalent diameter (inch) 187.1
Core hydraulic diameter (ft) 0.0459
Length of active fuel [ including 6 inches of natural 150

uranium at top and bottom of fuel column] (inen)
2Core flow area (ft ) ing,7

Reactor vessel internal diameter (inch) 251

Mass of UO (lb) 351,440
2

Mass of Zr in cladding (Ib) 95,536
Cladding thickness (inch) 0.032

| Mass of Zr in channel boxes (lb) 48,846
Channel box wall thickness 0.080

*

Number of control rods 185

Mass of stainless steel and inconel in core (ib) 26,980
Mass of stainless steel structures beneath core (lb) 66,750
Mass of stainless steel in control rods (lb) 32,750
Mass of stainless steel in too guide assembly (Ib) 15,200

3Volume of liquid in reactor vessel (ft ) 11,922
3Volume of steam in reactor vessel (ft ) 10,122-

3Volume of liquid in recirculation loops (ft ) 1,320
3Volume of steam in steam lines (ft ) 1,213

3Volume of liquid in feedwater line (ft ) 1,233 )
3Total reactor coolant volume (ft ) 25,315

Weight of reactor vessel bottom head (lb) 207,500 i

Diameter of bottom head (ft) 20.915 ,

Thickness of bottom head (ft) 0.713
Safety / relief valve rated capacity (lb/hr) 838,900

3at 1143 psia and fluid density of 2.608 lb/ft
Safety / relief valve setpoint (psia) 1,12C
Safety / relief valve bicwdown per actuation (psi) 50
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Table 1.2 Containment design parameters

<

Drywell design pressure (psia) 70.7

Drywell design temperature (*F) - 281

3Drywell volume (ft ) 70.7

Wetwell design pressure (psia) 281

3Wetwell pool volume (ft ) 138,700
3Wetwell free volume (ft ) 119,000

Predicted failure pressure (psia)* 132
Predicted failure location * Intersection of spherical

and cylindrical sections
of drywell *

Initial drywell temperature (*F) 135 .

Initial drywell pressure (psia) 15.3

Initial wetwell temperature (*F) 104
~ Initial wetwell pressure (psia) 14.7

1

*L G. . Greiman, et al., " Reliability Analysis of Steel Containment
Strength," NUREG/CR-2442, June 1982.

.

I

v.
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Table 1.3 Containment heat sinks

,

Area Thickness
Heat Sink Material (ft ) (ft) Left Side Right Side2

|

Drywell Sttel 18684 0.094 Orywell Insul ated*
Liner

Drywell Concrete 1640 4.73 Drywell Insulated
Fl oor

Upper Concrete 4130 2.29 Drywell Drywell
Reactor
Pedestal

| Lower Concrete 1814 3.5 Orywell Drywell
Reactor
Pedestal

~

Wetwell Steel 17050 0.0625 Wetwell Insul ated
Liner
(above pool)

Drywell C Steel 41525 .0417 Or ywell Drywell
Misc. Steel

Wetwell C Steel 2520 .0417 Wetwell Wetwell
Misc. Steel

*Drywell liner is separated from 3 ft of concrete by 21/4" polyester )
foam and 1/8" fiberglass laminate at 400*F; this will be compressed to ]
1"=.083 ft.
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Table 1.4 Specifications for comparison calculations base case

Mass of corium exiting vessel (1b) 535,000

a. UO (ib) 280,000
2

b. Steel (Ib) 140,000

(% oxidized) 15

c. Zirconium (lb) 115,000

(% oxidized) 13

Temperature of corium exiting vessel ('F) 4130

Concrete type (details in Table 2) Limestone

Vessel, containment specifications

RCS pressure at vessel failure (psia) 1120
.

H released up to time of vessel failure (lb) 1170*
2

Hole size in vessel lower head (inches) 6

'

Containment conditions at vessel failure:

a. Drywell temperature (*F) 150

b. Pool temperature ('F) 133

c. Pressure (psia) 35

*The H2 release directly correlated with the amount of zirconium
and steel oxidized. They are displayed because of this correlation,
and do not represent independent variations for these sensitivity
studies.

.

e
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Table 2.1 Summary of BWR Mark I sensitivity studies

|
4

f

.!

Case Number 1 la 2 3 3a 4'

Corium Spread (m) 5 3 5 3

Debris Temperature (*F) 4130 2700 4130 2700
!

Concrete Type L L B B

Free H O (%) 3 6 3 4 8 4
2j

.

'

I Steel in Corium (1b) 140K 140K 140K 140K

|

|

1

I

:

|
|

i
.

-,



_ _

.

. .

*

ORNL-0WG 81-8602 ETD

fk |

k ,# REACTOR VESSEL
,

DRYWELL ' F'
d)

6 s-

f

$ '

/
-

,3

(' l. 9
'N *

s .

. f)... ,

o'N S' k
.$ \

l

Th . ??':;..:.):::=n.. .. . .. .
- -

. ''

k .-
.

.
7 .. g --. _ .m

PRESSURE SUPPRESSION POOL
'

!

'

Figure 1.1

|
.



- . _ -. _ . _ . . .

.

* *

BWR 5TA::0.s3D PROBLE!: TQLT-1
. e.s . .3 a . Is. e3.s . l E c..

..

.400.0

4
3 |

;"# 0 ' I tt:ts0
\ : = HE#Y CN:::E _4'. E2

: = )IE*ALLIC L.WE.7*

%. . = LIGHT ON :CE * .$Y E3:soco . .
-

M O-
t

i.
2200 0--

2
T*
:
** 2100 0-

.

N $

2c000-

A.

1900 0- t,

.

.t00 3 -
_

?*X) $
.30 .43 6* J .w J ;S 0 :33 :.: 3 :s0 :34 .d e :0 4 .:

TDIEf 5EC1 17

B W 3 $T.L. D.s 3 0 ? ?.C 5 LI: 1: TOUV-1 .

. . . . - . . . . ,, e
u .s t .> . . :. .. v . u ...

<-

.= ,0

'_t:tN D
: = CO

*
3 : = CCC , .. f

. = H2

.=H2O 2

s3- .
.

10-

.n.
_

.3-i
a

_ :. _

_

--

a f~::- ..-
4

,f*

s:: .-
:

'' :

* '
r .
. a
. '

:o -

.:: :a ..: .a .s: .:a :1 : s .: .n :s .; :s : .. .. .

*: IO3EC: ". 0- |

Figure 2.1

f

's- I



.- _ _ _ _ _ _ . _.

4

.

BWR STA.;DARD PR09LE:!: T;U' -;.g * '

s A 1 :.mN
v

& 1 o r o. .A . L . . ,%~ o - r.e- . .. .

2so00

3
3 .

:*00 0 - } '_P; EN D
\ : =HE.07 CN:CE ' .W ER 8

*
_

' = lE*A LLIC L.4 E*t
24co o ' = LIGHT ON!CE L.WER

.3033- ,
e

4

. ::co o .
d

.~-
r

j J100 0 -

'

k

acono - \
s

k
\isoo o - % -

s
e, ;

a
";900 0 -

% m
,

;m 0

30 .50 led .sJ :3 J .0 J 4. J 264 .50 2S J J0 0 24 3 fedTI lE;:EC2 ;;7

|

!

|

| BWR .TTa.ND.sRD PROBLE:I: TQU'. .s .
\

.. -s,
u A D ,J 4... .: .t.s e I C.g..

%
,3 to

LECEN D
~~

-

: = CO
_

0- : = CO2
[- e = H2

~

^
-

~

- = H2O -

-

90--

t
SG- __~

. a r'"?.
- ..'.r-
5 sa- . . "
2 : "
2 A
.:

30- ;

10- 4
,,

)f,
,a- i : - ,

e
:
.

10 "

.J 3 ;2 J 14 0 .60 :43 .00 443 ;6u .t a .4 g au g) 1,3
it '.lEl:EC1 . . . -

..

Figure 2.2

.. .
.. .. .. .. . .. .. . .

_ _



_ _ _ - _ _ _ _ _ _ _ _ ..

.

.

. . ,

SWR isTANDARD PROBLE:.!: TQUV-2
'

LAYER TE'IPERATURES

'215C J

2100 3- 7

i' tz c.Nc
: = HEJY % ICE 1..dE3,

_3 0 '
i * = 'IF alm L.WER-

= LIGHT OX;DE L. DER i
I

::00 0 - 3
:

19"a0 0 -
*

,

i

tsono- .-
&14

E
2 teso 0 -
-

x-

ison0 -

- .
'@O-

& -

r700.0 -

esco-

.
I

.
,

'S30 0
30 '13 14J ,eJ .4 J 10 OJ ;sg ,g g ,39 an .; , ,,g

*:'tE.nEC) 7,

s
BWR R.00.sRC ? ROBLE::: :;tr-2

-

c.. . c m.u A.e. o,. . .R .n . N
.

.-

.= sa
LECD D . f

i

us- : = ce
: = CO2 .

.

. = H2
33- * = H2O :*

: \
+0 0 -

:

21 0-
:

Ie
- :a a . :

'T
&
' :

.:.: .
= .

: .

ca- - /': .-
. . < ' ' . .-'*

*.3- ,
*

,,

.t",g

. x'. c.-:.aa. ,=

,f:

.v,='' :,so- ,

c-
,, _ a W. ;

;C L .23 34C ;t.3 to .33 ;;o ;40 28 3 43 J ;J u :43 }4 J
TDIDiECt g

. -

Figure 2.3
,

I

m I.



. _ _ _ _ _ _ _ _ _

.

. . . . - . . . . . . . . . . . . . . . . . . , , . - ,

* *

L.4YER TE'IPER.sTGES
. .

|
:sooo +

!
ncao-

| ;c D*
HEEY CXICE LAYER !: =

2'# 0 - : = * t E*A LL:C LaYrg
- LIGHT CN:CE LAYER .

2300 o - 1

2:00 o -
.

1
2 tono - g.

s
1 =e
i zocao-

F ie
\m o.

k
isono- -

s
I?oaG-

- %.
. tem o - .-

%
tema

.00 co 16 e :so .40 .22 :a ;a .s a ., o :c o n: no
T! '!Ef .M EC) 7

d

BWR STAND.4RD PRCELE:!: ' r,;. " - 1
.

Gad CE::ER.4T:C..

-

? 11 0
LT.0D D

:=CO, 'f f
tao -

. = Cn.v
= H2 ,- ,

)10- - = H2O a
.d

4
to- ,

s'
s

o- .c
d'

.e

2 s :, - A

4

to- 4
=
a s

*J-

4

23-
a

. _ _

20-
e

,

:s.

13 -

.00 .; 2 16 0 .s J ;e o .30 ::o .se .00 .24 .o ; aa t. ;

TDIEf 5EC) * ;C'

Figure 2.4



_-

.

.
.

.

. .

34R STAND.4RD PcOBLE:t TQUV-3A
'*

LAYER TE}!PERATURES

ecos

t

0330 3-

Lt0EN D
2.a0 o . : = HEEY ONICE LAYER'

: = \tETALLIC L.<YER,
- = LIGHT OX:DE L.4) E3

2000 0 -

t

2:300- 1
3

2100.0 -

-
$M

v- E000-
::
!=

% 1900 0- i

1000.0 -

.

E"000 - N

w
;600 0 - NA

;S00 0 -

14Cr30
J3 .10 ;43 .60 Jo 20 g ;;3 ;60 .S 3 23 0 M3 no ug

TI .*lEid EC1 :c

~

. BWR STANDARD PROBLE.\t: TQUV-3A
G AS CENERATION

%

,- 14 3

Ltctso -

: . co
: - cc:

;*3 ' e H2 4

--a:o ,,

e'
/10 0 -

/

A

:
&

* %C-p
-

-

- .

.=
4

2 90-

4

40- 4

# /
:. ..

.-

23 - .. _ _ .-_.._ _ __ , _

;04 11 *J ;S 3 ;93 20 0 ;;1 ;sa ;s g ;g g gg ;;g pg
T:MEuEc: .:e

Figure 2.5
.

. . . . _

-- ..



- .-

.

'

3NR STANDARD PROBLE: T",UP-4
'

- .

* 'LAVER TE31PERATGES

.wa
&

'NM LIC E50*~
5 :"541[tfe 'iifdWx

- 5
__ = LIGHT ONICE LaYE*4 !

tuao-
.

~ n

m. 3 &

.

2
I : a
2
W ricco- .

&- g

S
.
.

'

teeno \ i
2 %

N s N
'% L-

!W 3 - *
,

-

.a.o o -
;30 11 3 14 0 .60 le d .70 42 3 46 0 .60 .'9 3 0J :43 16 0

TI'!Er$ECl * :7

BWR STANDARD PROBLE11: TQUV- 4 .

'

G.rS GENER ATION

.-
,= +a0

Ltctso e
.

= = Co a
no- : = CO2 *

*a = H2 .

= H2O .
* *

#330-
*

s- 4 ,-
&

30 *,

E
^

-a
_

.4 0 - 43 *

* e
e

'2
SC- 4

.

d
.

.13 - 4
.

4 *
,

eg. 4 .

'
.

4
e

10 -

33 .JJ .4 J .e J ;do .30 22 J ;6J .60 .;3 d ;c a ,44 1. ;

m ttusets :c

Figure 2.6
:



. .

i
I

'

i. a.a. na a. . =__-, - . . - i. u

BROWN'S FERRY TQUVCC01
taOno

i

140no-
6 1

= i
: =20 a
4 l'~

G '

; :c:20i .

$
-.'

d|0Da
._

'.a i
=
:
3 eoane
M I
<
h 4cno-

5
O

2cno-

i * -

. 6

310D 7500 0000 3500 4o00 48a0 50a0 S60 0 000.0

$ TIME - (MINUTE)

VOLUME NO.1
,,, ,,)

Failure
'

|

|
_

Figure 3.1

_ .-. .-. . -- ._ .. .



- - _ _ - - _ _ _ __ _ _ - _ _ - .

. .

6

.. . = n i. _ _ _ . - _---u

!,

BROWN'S FERRY TQUVCC01
isos

ra3 1400-
m _

D

b "'
,

m
Q.

tono-g
=
is.

i :: ma-
.

.

, | ?
> - a man

5 8

O
: 4an- .

d ! J
6 1

& 204 -

on . . . . . .anon ason sono osam 4cno 4eno sono seno sooo
; f TIME - (MINUTE)
i

vessel VOLUME NO.1 |Failure
'

i

.

Figure 3.2

,

- . . , - - . , - , . . , - . - . - - - - - , , . , - - - - - _ . ,



!

. .
,

** n.a. nn ,,, = - = . . mn e a

TQUvecoi
sono

High Temp,
es2 leo-
g .

.

g __ -

'Q: -c. ,

2000- ~
g -

& -
-

2 m. ,

- Low Temp,$
f

,' ,
,,,

#
ano- , --2

C / ,

-

: 4co- __
b b Limestonet
c 1
;--

aam$ -- - Basal t
*

1
1

f
CD ,

2 con aion :xima ,,, * *

I TIME - INUTE /

/
Vessel y0LUME NO.1
Failure

_

Figure 4.1

_ _ _ _ _ _ . _ .



.

. .

o

a

6* z
.$ m

m
D

I
| o O

I >, .g
I

l- \

C
1 t oO 8 8-U e i ! -wa a y> a-

3 83 g i =
z ~

cy 3a '

~3 3
Jt

o
i

E--- i *.
i u

Y l sM o~g i i 3i: i
-

e
!

) N:
b 3 o
E "t .@,
* Ws ,\ l

$ .T ' ij = o
| | ~$,

-
' o

-u

a & !?,-
,

e ,

*3 o o o e a 6 o 6 e
$ ! ! ! ! $ $ $ $ !-
c
~ \

3Hn1YH3dN31 1N3N1HVdM00 -

.

G
#l

i

|



. _ . _ .

.

.

n.: . ..2.= .a n . .. i n. eracr.w parwranwr.rm a

TQUvcc01 -

.

160 0

Limestone 6% lip 0 --

g ,,o o . - - - + L. 3% 11 02,m . , .
.

,, ,

,:3 -

q '

E, l' J O Basalt 8% |120*

r-n:
L ' -

'
100 0- / ,

H -

z e ,

u -

,' Basalt 4% 11 0
'2 a00 -

- .
2g -

A s '

L '
MD- /

% r s s

'#
.'

a 400-

F
O
F 20 0-

'

o
00 ;

. . . . . . .2000 250 0 3000 350 0 4000 '450 0 S00 0 650 0 000 0
i
1

f TIME - (HINUTE)
Vessel
failure V01,UME NO. I !

Figure 4.3

1

|

. - ____ _ _ _ _ _ _ _ _ _ __ __ _ .- _ _ _ _ _ _ _ _ _ _ _ _ . _-_



.

-

. 9

_

_

_0 _

0
0

0 8
2

1
1 1

% .

3 0 O
. 12 O N

.J|

L ' E%
O - 8 M
2 U GH - .

B L
% - 0 0 O
6 12 0 V

- 0|

e _ $
n %
o - 4
t .
s . t-

l e - ul

m - ao l. )i s a

c L - - a . '4 E-
B Tc g - Uv N 4

U -- I- 0 40M
Q - 0( e

4

T - r
- u

_' ga
-

.

- E ie
F .Ma

0d - -
l

05 Ta
* 3
i

-i

s
.

.
- .

s 0
-

*
, 2,

-

. , ,
s ,e
m

sa -
0s -

m 0
~ 5

2f
. e
e.i l r

eu
0 sl.

m 0 si
0 ea2n

- - - -
VF

-. -

0 0 0 0 0 0 0. 0 0
. 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

u e 4 2 0 8 e 4 a
s 1 1 3 .

.

.

-
i EM 4Qm8.-i aNog.<NWn.2ME

.

m
w

il ||| i



. _ ._ - -

.

o.

.

o

$

6* z
.

m
2
D

1

\ o o,

.g >
\

! I -

a
1 *? 3,wc

> \ i 5 wD a 5 4o' \ g-1 o
u

\' ,

~
\ 5,

( w C .

2
's \ .g i:

o

= E \
C & s

s
s es

.N
- s

%
%

o
N "N%

5 '
a

f. Thi j* :=
a e o a e 6 6 e a

3 1 i H E a a 8 8 *
'

, :

s 3HOSS3Hd 1N3N18Ydi100 '1Y101 |

-

1

J



.

. .

O

$

N*
,a

, w
= =,

$ i N-
i .

Y #
l -s

N '/8

I e

"hi
1 -> ::)

i D I $ *
.

Cf ' j~ *,=H y
'

t
,

8I .g i: -

x /

h iI
'

C / a
'

\ g
- s

s
\

\ o

(' $

f. e n:i |
'

z

b,1 $ $2
o e e e o e 6 4 .

4 a_ a a_ 1 a a a s |
--

1 !

* 3801YH3dM31 1N3N18YdM03-
.

.

_ _, _

_ _ . . , - . _ _



;

. .

.

.

6
2
5

s l

u e 1

o e
e t .

n s O0 Na 0sl 6bu S El
e l o

e Mc
a 6 ns

wi 0a
m 1l

l 0 o
xe 0 vl

l c 10
e 5s 8

w 8. imy
rl
de

e 0ot 0Ns .S )E4

T
- U

. C N 7
_ IC 0 4.

V _ 0M
0( e
4 r

U ~ - u
ga

.

Q _ E F
ie

T M.e

G 0
I

_ 0
.S Ti

W 3
_

s Yi _
6 R _ -T= R- ,' E 0

-

=r _ 0

P - 0

C
3

_E Si

A N' \ -u
_

t 0
im W ', 0

5
2

#O s se
s

Te R_

- 0d Bn 0

7m.
0*
2

- - - ~

0 0 0 0 o o * 0

7s.
0 0 0 0 o o * 0
0 0 0 0 n o *e 4 2 0 a a *

re
3 1 1 3

o.
r

W:a p< awn.2We p:r.M2N< $ 8:e

e
n
e
n

~

I

_

_

1 * ! :



.

..

.

A-1

APPENDIX A

RESULTS FOR THE CONTAINMENT LOADING SENSITIVITY STUDY

The BWR Mark I containment loads were calculated using the MARCH 1.1B
code with concrete decomposition calculated separately with CORCON MOD 1 and

' input as gas generation " events." A summary of the Mark I sensitivity study
is given in Table A.1. Note that the standard problem conditions and modeling
evolved throughout the investigation. The results in Table A.1 are for the
MARCH /CORCON modeling described in the main report. The historical evolution
of the standard problem oresents a more extensive sensitivity study. Based on
these results the following conclusions can be made:

Concrete Comcosition:

1. Much higher containment temperatures and pressures are cenerated with
limestone than with basalt.

2. Calculations with basalt concrete are very sensitive to free water in
the concrete.

Corium Discosition:
'

1. . Spreading of the debris over 50% of the drywell floor leads to much
more rapid gas generation and correspondinoly higher containment
pressures, but the debris is also cooled more rapidly.

2. If the debris is confined within the pedestal wall, it stays hot (or
heats up if it is cool) and maintains an aggressive attack on the
concrete.

Corium Temocrature:

1. The containment pressure and temperature is very sensitive to the
initial temperature of the debris.

An estimate of the uncertainty range for Case 1 is included in Table-

4.2. Note that Case 1 is, itself, an extreme case (maximum temoerature, maxi- '

mum H2 generation, and maximum spreadino) and should not be confused with a
best estimate. Thus, the "high estimate" corresponds to a limiting case of a
limiting case and has an extremely low probability of occurrence. |

The results of the complete sensitivity study are summarized in Tabl e
A.3. The nomenclature in the case description is given in Table A.4, ind the
calculated results for each case are included in the succeeding figures. Nots
* hat the figures are intended to be self explanatory with the leQend (e.q.,,

'hlse No.1 = Orywell) included in Tatle A.3.

l

l
. - _ - _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ - - _ _ - _ _ - _ _ - - - _ _ - - _ _ _ _
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Table A.1 Susanary of BWR Mark I standard problem results

. __

Case Number 1 la le 2 3 3a 4

Corium Spread (e.) 5 3 5 3

Debris Temperature (*F) 4130 2100 4130 2700

Concrete Type L L B B

Free 18 0 (1) 3 6 3 4 8 42

Steel in Corium (Ib) 140K 140K 140K 140K

lipward Radiation to No No Yes No No No No
Structures y

N

REstlLTS -

,

Peak Pressure (psla) 145* 154* 87 88* 108* 142* 65*

Peak Temperatures (*F)

Drywell Atmosphere 660 700 460 500* 400 450 280*

Drywell Liner 360 380 210 300* 270* 310* 240*

Wetwell Atmosphere 286* 2 70* 460 200* 220* 227* 220*

Wetwell Liner 175* 159* 139 138 142* 143* 143*

._ _ __

* Temperature or pressure is still rising after five hours

. .
,

9

e

G



._. . _ _ . . _ _ . _

.

. .

c.

A-3
;

I Table A.2 Uncertainty in the high temperature limitina case
with limestone

<

i
4

.

~

Hioh Estimate * Low Estimate *
4

i
\

,

Pressure Loadina 164** 87
4

i Temperature Loading (*F) 700+ 460'
(Drywell Atmosphere)' *

r

i
;
'
,

l
.

1

I *Witnin five hours of vessel failure.
I

l ** Note that this cressure exceeds the credicted ultimate caoscity.and

| 1s included.
|

| + Thermal radiation will raise local temperatures considerably above .

{ this value (to 1000'F or more).
!

!

!

.

1

i

.

- - - - -s
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Tahle A.3 legend for Brown's Ferry containment load calculations for ifplV
sequences with MARCH 1.lR and COHCON.I

t

i .

Corium Dehris Free Drywell failure Peak Drywell D. Liner Wetwell W. Liner
Spread Temp. Concrete HO Debris Misc. Steel Time * Pressure Peak T. Peak T. Peak T. Peak T.2

Case __[al _ (Il Type (sj tatssivity (10'th} [mpL (psta[ (F ) (F ) (F ) (F )

Old INilR 3.0 4l30 L (old)" 3 0.5 0. 0 30 >l30 1250 '600 410 -

, .Old CONCON 3.0 4130 L (old) 3 0.5 0.0 >300 115 850 600 400+ -

New Base 3.0 4130 1 3 0.0 0.0 220 >l30 8HO ~600 ~400+ -

N8ase HS 3.0 4130 L 3 0.0 85 260 140+ 580+ 360+ 280+ 115 +

OlH5NONAD 5.0 4130 L 3 0. 0 85 120 155+ 670 410+ 310+ 215e

OlH5WRA11H2 5.0 4130 L 3 0.0 85 85 164+ 676 365 286+ 175 +

ClH5WMAD 5.0 4130 t 3 0.0 85 133 145+ 660 360 266+ 175+

- Ol AH5WRAD 5.0 4130 L 6 0.0 85 125 154+ 700 380 210 + 159e

| Ol!H5WRAD 5. 0 4130 L 3 0.5 85 N/A R1 460 210 460 139

02HSW HAD 3.0 2100 L 3 0.0 .H5 >>300 88+ 500+ 300+ 200+ 138 >
02AH5WWRAD 3.0 2100 8 4 0.0 .A5 >>300 65+ 280 240+ 175 138 b
03H5WRA0 5.0 4130 8 4 0.0 85 >100 108+ 400 270+ 220+ 142+

03AH5WWHAD 5. 0 4130 8 8 0.0 85 210 142+ , 450 310 227+ 143+

Volume No.1 = Orywell
volume leo. 2 . Wetwell
N00(l) = Drywell Liner
N00(4) = Drywell Miscellaneous Steel
N00(5) * Wetwell Miscellaneous Steel

*Fallure time af ter vessel failure is based on a containment failure pressure of 132 psia but other Mark I's
may be somenenat higher or lower.

" Note that 1(old) has a slightly dif ferent Ifaestone composition as descrlhed in the initial stasulard probles
dated Ikwember 3.1964

* Temperature or pressure is still rising af ter 5 hours.

..

.

..

9
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Table A.4 Case descriptions for the various sensitivity runs

Case Description Comments

Olit INTER High temperature confined case using MARCH The short failure time (30 min) anf
1.18 and INTER. high drywell temperature are consistent

with Dak Ridge results (NUREG/CR-2825).

Note that the use of CORCON delays over
Old CORCON liigh temperature confined case using MARCll pressure failure by 5 hours and de-

1.1B with CORCON M00-1. creases drywell temperatures.

The change in limestone composition
N Base liigh temperature confined case with CORCON hastens the overpressure failure and

M00-1 and new limestone conposition. increases drywell temperatures.

The addition of the heat sink consider-
Hase 115 New Base case (above) with 85 x 106 lb ably moderates the peak temperature and

steel heat sink in drywell. slightly delays overpressure failure.

Note that spreading the coritsu out to

5m results in much more core / concrete
'

OlllSNORAD Same as N Base 115 with spreading to 5 m. interaction and much earlier overpres-
NORAD refers to the absence of the wetwell sure failure.
radiation model (below). The wetwell out-
side wall is assumed to be perfectly insu-
lated as in all the above cases. The WRAD model substantially reduces

the wetwell atmospheric temperature
OlllSWRAD Same as OlH5NORAD except a heat trans fer which was unrealistically high (300*F

coef ficient of 2.0 Btu /hr-ft*F is added to above the pool temperature),
account for thermal radiation fran the wet-
well wall to surrounding concrete. The additional H has a direct effect2

on the pressure loading of about 20
OlHSWRADIl2 Same as WRAD except 1000 lbs of hydrogen psi.

is added to the contalmnent as an event to
bring the total to 1700 lbs. (Note that
this increases the pressure before vessel
failure beyond the standard problem speci-
fication of 35 psia.)

.

- _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ -_



. .- . - - .-. - - . . . . _ _ - . .. _ - - ____ _- . .-_ .

Table A.4 (Cont'd)

Case Description Cosuments

DIAHSWRAD The remaining calculations summarized in Equivalent to case la in Table A.I.
Table A.3 have consistent modelinq features
and 4re used in the standard problem re-
suits listed in Table A.I.

OlEHSWRAD Equivalent to case le.

02HSWRAD Equivalent to case 2.

03HSWRAD Equivalent to case 3.

03AHSWRAD Equivalent to case 3a.

02AHSWRAD Equivalent to case 4.

.

| .

,

1
.

.
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