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BWR-LTAS: A BOILING WATER REACTOR
LONG-TERM ACCIDENT SIMULATION CODE

R. M, Harrington
Le Cs Pullet

ABSTRACT

The BWR-LTAS code was developed by the SASA program at
Oak Ridge National Laboratory for the detailed study of spe-
cific accident sequences at Browns Ferry Unit One: station
blackout, small break LOCA outside primary containment, loss
of decay heat removal, loss of vessel water injection, and
anticipated transient without scram. The primary use of the
code has been to estimate the effects of operator actions on
the timing and course of events during the part of the se-
quence leading up to but not including severe fuel damage.
This report documents the basis of the methods used to simu-
late the response of parameters in reactor vessel, primary
coolant system, primary containment, and other reactor sys-
tems. Sample results are included in the appendix.

l. INTRODUCTTON

BWR-LTAS 1is a digital computer code written to calculate the
effects of operator actions on the general thermohydraulic behavior of
the Browns Ferry Unit | boiling water reactor (BWR) following a hypo-
thetical station blackout event. The code consists of the differential
and algebralc equations of mass and energy conservation and equations of
state for the reactor vessel and containment; it was originally written
in the IBM CSMP-3 (Continuous System Modeling Program) (Ref. 1.1) lan-
guage to minimize programming and debugging time.

The original CSMP language version was designated BWR-LACP (BWR-
Loss of AC Power) for its (nitial use in the station blackout study.
The BWR-LACP code was used for several years, and features were added as
required for each accident studied. Recently a Fortran version, essen-
tially the same in scope and structure, has been programmed. This ver-
sion is designated BWR-LTAS (BWR-Long Term Accident Simulation) to cor-
rect the misimpression that the BWR-LACP code is applicable only to sta-
tion blackout or loss of ac power events. It (s the Iintent of this re-
port to describe the basis and use of BWR~LTAS, the Fortran version.

Some of the important variables calculated by the BWR-LTAS code in-
clude:

l. Reactor vessel water levels (above the fuel as well as in the
downcomer annulus),

2. Reactor vessel pressure,




3. Average fuel temperature,

4. Reactor vessel injection flow,

5. Safety-relief valve (SRV) flow,

6. Containment pressures and temperatures, and
7. Suppression pool water level and temperature.

These variables may be calculated for arbitrary time periods fol-
lowing {nitiation of the accident sequence—typically several hours for
a4 sequence such as station blackout. Run specific input includes:

l. Injection flow vs time or an algorithm to represent operator
control of reactor vessel water level,

2. SRV opening(s) vs time or an algorithm to represent operator
control of reactor vessel pressure with the SRVs, and

3. Initialization parameters: initial time elapsed since reactor
trip, initial reactor vessel pressure and level, and initial
containment pressures, temperatures, and suppression pool
level.

In order to understand the intended use of the BWR-LTAS code it is
well to review the history of the development and use of its precursor,
BWR-LACP at the Oak Ridge National Laboratory (ORNL). 1In 1980, the
Severe Accident Sequence Analysis (SASA) program was formed under the
sponsorship of the Contalnment Systems Research Branch of the Division
of Accident Evaluation of the USNRC. Among the cooperating national
laboratories, ORNL was assigned the task of performing realistic analy-
ses of BWR severe accidents, including core degradation and fission
product transport. The objective of the studies centered on a limited
number of postulated reactor accidents that could lead to severe fuel
damage .

It was decided to concentrate the ORNL SASA Program analyses on a
specific representative plart, Browns Ferry Unit 1, because the
Tennessee Valley Authority (TVA) had agreed to cooperate fully with the
ORNL SASA program and be~ause the Browns Ferry plant {s typical of
operating BWRs. Even now, 13 of the 29 operating BWRs in the United
States are BWR 4 with Mark 1 containment (Ref. 1.7), as is Browns Ferry,
and nine BWR 2 and BWR 3 plants also have the Mark I containment,

The first accldent sequence for SASA analysis was a station black-
out accident {involving the long term loss of all ac power at the plant
(Ref. 1.2). In order to do a realistic study, the effects of possible
or likely operator actions had to be considered. For some accidents, it
Is possible to learn about plant and operator response using only hand
calculations. This is especially true of BWR accidents, such as the
statlon blackout, that do not involve major coolant leakage and during
which the core generates only decay heat. At first, hand calculations
were used to estimate things like time to core uncovery during a simple
boll-off. The need for a mechanized calculational technique became evi-
dent as the focus of the analysis expanded from the primary coolant sys-
tem into the primary containment and whenever different assumptions
regarding operator action required additional calculation. Therefore,
It was decided to use a computer-based method for the study of the part
of the accident prior to severe fuel damage.



Two existing computer codes, MARCH and RELAP, were considered for
this purpose. RELAP was not used because it did not model the primary
containment and because it promised to use a lot of computer time for
the slowly unfolding accident sequences being studied. MARCH was not
used because, at the time, most of its programming was based on the
pressurized water reactor (PWR) designs and because it did not have suf-
ficlent flexibility to model a variety of operator actions. Therefore,
the previously used hand calculations were codified and developed into a
single computer code, called BWR-LACP, from the subject of the first
SASA .tudy’

At the time of the station blackout analysis, BWR-LACP included the
basic thermohydraulic models of primary coolant system and primary con-
tainment plus related systems that require no ac power: the reactor
vessel safety relief valves (SRVs) and the steam turbine driven Reactor
Core Isolation Cooling (RCIC) and High Pressure Coolant Injection (HPCI)
injection systems. Questions investigated for the station blackout
study using BWR-LACP included: (1) Should the operators depressurize
the reactor vessel as soon as possible?; (2) Would a stuck open SRV com-
promise the operator's ability to provide the necessary vessel water in-
jection using the RCIC or HPCI systems?; (3) How long would it take to
uncover the core after failure of the station batteries ( and the re-
sulting failure of the HPCI and RCIC systems)?; and (4) How many times
does the operator have to actuate an SRV during the period before core
uncovery?

The second SASA study at ORNL was of a small break loss of coolant
accident (LOCA) outside primary containment (Ref. 1.3). For this study,
programming was added to BWR-LACP to simulate the leakage of saturated
or subcooled water from the reactor vessel. In addition, models for the
reactor vessel injection flow from the electric motor driven condensate
booster pumps were added because it was found during practice sessions
at the TVA Browns Ferry simulator that these pumps can be an important
source of vessel Injection even in the absence of operator action.

No additional modeling of primary containment cooling systems, such
as drywell coolers and pressure suppression pool coolers, was added for
the small break LOCA outside primary contalnment study because, even
witi the small break size assumed, most of the decay heat was deposited
in the reactor buillding outside primary containment. Extensive modeling
of the reactor building thermohydraulic response resulted in a reactor
building model (described in Appendix A of Ref. 1.3) that could be run
independently, utilizing as input the leakage vs time predicted by the
BWR-LACP code. Questions investigated for this study using BWR-LACP in-
cluded: (1) Based on indications available in the control room, how
soon would the operators know of the existence of the break?; and (2)
How fast would the reactor vessel flood after reactor vessel depres-
surization if the operators did not trip the condensate booster pumps?

The third accident study undertaken by the ORNL SASA team was the
loss of decay heat removal accident (Ref. 1.4)., 1In this accident, the
operators are able to keep the core covered, but there is no suppression
pool cooling. The link between the reactor and the ultimate heat sink,
the river, is lost and contalnment pressure bullds until the failure
pressure is reached. For this study, programming to model the drywell
coolers, the pressure suppression pool coolers, the net positive suction




head (NPSH) of any of the pumping systems that might need to pump from
the overheated suppression pool, leakage and vent flow from the pressur-
lzed primary containment, and heat transfer from the uninsulated wetwell
torus to its surroundings was added. Questions investigated using the
resulting version of BWR-LACP included: (1) How many pool coolers are
necessary to prevent overheating of the suppression pool?; (2) Would
there be adequate NPSH for the RHR pumps should pool cooling be recov-
ered?; and (3) How long can the operators keep the core covered even
though they cannot cool the primary containment?

The fourth ORNL SASA study im estigated the effect of the small-
capacity, high-pressure injection systems on the TQUV accident sequences
(Ref. 1.5). For this study, programming was added to model the flow in-
jected into the reactor vessel by the Control Rod Drive Hydraulic System
(CRDHS) pumps as a function of reactor vessel pressure. Representation
of injection flow from the Standby Liquid Control (SLC) system positive
displacement pump was also added. BWR-LACP was used to determine injec-
tion flow necessary to prevent core uncovery, as well as time to core
uncovery for various scenarios of operator action to control reactor
vessel injected flow and pressure.

The fifth and most recent ORNL SASA study was the Anticipated Tran-
sient Without Scram (ATWS) accident (Ref. 1.6). For this study, a major
effort was required to add an option to allow the code to calculate the
reactor power after the failure of the control rods to insert into the
core. Programming was also added to calculate the in-vessel mixing of
the sodium pentaborate solution (including possible stratification of
boron=rich soluti n in the lower plenum) after initiation of the SLC
system, the flow injected into the reactor vessel by the LPCI and Core
Spray systems, the effects of reactor vessel pressure and drywell tem-
perature on the various reactor vessel water level indication systems in
the control room, and to provide a more complete simulation of automatic
ard manual SRV actuation. The resulting version of LACP was used to in-
vestigate the effect of operator control of reactor vessel water level
and pressure on the rea‘tor power and to determine the rate of pressure
buildup in the primary contalnment,

Since all Browns Ferry Instrumentation is in English units, the
BWR~LTAS code is written to understand input, to operate, and to deliver
output in English units. This {s not to deny the advantage of SI units
for all future work on modern systems but to ensure that study results
can be provided in the units that the operators of the existing plant
can readily understand and can relate to the readings on their control
room instruments.

BWR-LTAS is not a simple "USER-FRIENDLY" tool. Rather, it consists
of a set of thermodynamic and physical calculations that can be and have
been of great value to an analyst who understands BWR systems and who
can use this system of mathematical calculations to advantage. For such
a user, it offers great savings in time and money over conventional
codes.

Presently the Fortran version, BWR-LTAS, and the CSMP version, BWR-
LACP, are equivalent. However, future code modifications and improve~-
ments will be performed only on the Fortran version.

Chapters two through seven of this report describe the physical and
mathmatical bases of the various parts of the simulation, starting, in



Chapt. 2, with the reactor vessel injection systems. Injection systems
are considered first because they are of primary importance to the
analysis of the initial phase of severe accident sequences (prior to
permanent core uncovery and the resulting severe fuel damage). The BWR-~
LTAS code 1is designed solely for the study of the initial phase of
severe accident sequences, while the vessel injection systems remain
operational, and thus able to prevent permanent core uncovery.

Chapters 3 and 4 discuss the models used to simulate the primary
coolant system thermohydraulics and SRVs. Chapter 5 outlines the model-
ing of the primary containment (drywell and wetwell). The simulation of
the response of control room indication of reactor vessel water level
instruments is presented in Chapt, 6. The modifications necessary for
the calculation of prompt power during ATWS accidents are considered
separately, in Chapter 7, because they are invoked only for ATWS acci-
dents. The solution of system equations is discussed very briefly in
Chapter 8 and Chapter 9 compares the results achieved with BWR-LACP to
those obtained with other computer codes for certain test transients.
Appendix A lists and defines the input parameters, Appendix B presents a
sample use, both input and output, of the BWR-LTAS code, and Appendix C
is a glossary of frequently used acronyms.
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2. REACTOR VESSEL INJECTION SYSTEMS

The functioning of the pumping systems that inject water into the
reactor vessel is very important to any accident sequence. As long as
the pumping systems continue to operate, there will be no permanent core
uncovery or severe fuel damage. For this reason, the injection systems
are presented in this chapter, ahead of the chapters dealing with the
primary coolant system (Chapt. 3) or the primary containment (Chapt. 5).

The pumping systems that have been included in BWR-LTAS are the
RCIC (Fig. 2.2) and HPCI (Fig. 2.3) systems, the CRD hydraulic system
(CRDHS) (Fig. 2.4), the condensate/condensate booster pumps (Fig. 2.6),
and the low pressure emergency core cooling systems [the LPCI mode of
the RHR system (Fig. 2.10) and the Core Spray system (Fig. 2.9)]). The
CRDHS and the RCIC and HPCL systems are capable of injecting adequate
makeup flows against full reactor pressure; accordingly, they have been
used most heavily in SASA studies to date. The steam-driven RCIC and
HPCI systems are capable of running during station blackout. All the
other pumps are drivem by non-battery-backed electric motors that
require a high voltage source of ac power.

Of the low pressure pumping systems, the operators would use the
condensate/condensate booster pumps in preference to the Core Spray or
the LPCI mode of the RHR systems. The Core Spray and RHR pumps are
designed to inject very large flows (40,000 gpm nominal RHR system in-
jection capacity and 12,500 gpm nominal Core Spray system capacity) into
the depressurized reactor vessel after large break LOCA accidents. They
can be utilized by the operators to provide low pressure injection when
there is no line break, however, this would be inconvenient since the
injection required to remove the core decay heat is on the order of only
one percent of the nominal capacity of the systems.

Figure 2.1 shows how each of the injection systems is piped into
the reactor vessel. The HPCI and RCIC systems tee into the main feed-
water header inside the drywell; their injection is sprayed into the
reactor vessel downcomer region through the 96 main feedwater sparger
nozzles. The CRDHS, an {integral part of the Control Rod Drive (CRD)
system, injects coolant past the CRD mechanism assembly seals and into
the interstitial reglon of the reactor vessel through the control rod
gulde tubes. The RHR system pumps through the recirculation system
piping external to the reactor vessel into the throats of the jet pumps
inside the reactor vessel. The Core Spray piping penetrates the reactor
vessel, terminating in spray spargers directly above the top of the
core, The SLC system is capable of pumping 50 gpm (Browns Ferry nominal
rating) of either borated or unborated water through a pipe that termi-
nates in a perforated section below the core plate.

The degree of detall in the BWR-LTAS simulation of each injection
s/stem 1s a reflection of the requirements of each of the six completed
accldent events studied by the ORNL SASA team. There has been no
attempt to model all possible operating modes or each and every valve
and control. Separate subruutines have been provided for the different
injection systems so that the user may conveniently and selectively
modify the programming for each system as needed for future studies.



Zols ICIC/HPCI S’.t.l'

The RCIC and HPCI systems are steam-driven pumping systems that can
be actuated either automatically or manually whenever necessary to sup-
ply cooling water to the reactor vessel. Figures 2.2 and 2.3 illustrate
schematically the layout of the RCIC and HPCI systems. Table 2.1 is a
list of the input parameters the model requires for the RCIC and HPCI
systems. Both systems can pump from either the condensate storage tank
(CST) or the pressure suppression pool; they are both normally aligned
to the CST. The HPCI system has about ten times the capacity of the
RCIC system; otherwise the systems are very similar. Appendices E and F
of Ref. 2.1 provide a thorough description of the RCIC and HPCI systems.

The RCIC and HPCI systems are normally operated under automatic
control whereby the speed of the turbine and the pump is adjusted to
cause actual pumped water flow to equal the operator-set demand. Thus,
the injected flows are proportional to the fractional demand:

Wrele = (Reiemx) (Reied)
Whpei = (Hpeimx) (Hpeid)

where

Wreie
Whpei
Reicomx
Hpelmx
Reied
Hpeld

RCIC flow (1b/s) injected into reactor vessel,
HPCI flow (1b/s) injected into reactor vessel,
maximum RCIC flow at rated conditions,

maximum HPCI flow at rated conditions,
operator-demanded fractional RCIC flow,
operator-demanded fractional HPCI flow.

It is assumed that operators would avold very low flows due to the
possible onset of controller inestability; therefore, Reicd and Hpeid are
not allowed to assume non-zero values less than 0.2.

The injected flow does not vary with reactor vessel pressure be-
cause the automatic flow controller opens or closes the turbine inlet
valve as required to deliver the demanded injection. The steam flow re-
quired to drive the turbine does vary with pressure. When reactor ves-
sel pressure is reduced, the pumping power required to maintain constant
injected flow decreases in proportion to the decrease in pressure. But,
reduced reactor vessel pressure also means rrduced turbine inlet pres-
sure. The mechanical energy that ~an be extracted by isentropically ex-
panding steam from s me pressure to atmosphere pressure varies from 250
Btu/lb for an Inlet pressure of 1125 psia, to 0 Btu/lb for an Inlet
pressure equal to atmospheric pressure. Therefore, as vessel pressure
is reduced, a higher flow of stear 1is required to maintain constant
production of mechanical energy. The two competing effects of reactor
vessel pressure, when combined, yleld an approximately linear rela-
tionship between vessel pressure and required steam flow:

Wte = WetelOO (.1384 + 7.659E-4P)



where

Wte = turbine exhaust flow (lb/s),
Wtel0O = turbine exhaust flow (1b/s) at rated injection flow with
reactor vessel at a reference pressure of 1125 psia,
P = reactor vessel pressure (psia).

The turbine steam flow is a function not only of reactor vessel
pressure but also of the rate at which {low is being injected into the
reactor vessel. If vessel pressure i{s maintained constant, but the rate
of injection is reduced, the turbine will require less steam. This ef-
fect is simulated by allowing the turbine steam flow to vary in direct
proportion to demand.

The steam turbine flows for RCIC and HPCI systems are:

Wte,hpci = Hpeid (WtelOO,hpei)(.1384 + 7.659E-4P)
Wte,rcic = Reied (Wtel0O,reic)(.1384 + 7.659E-4P)

Wte ,hpel total HPCI turbine exhaust flow (lb/s),
Wte,rcic = total RCIC turbine exhaust flow (1b/s),
Hpeid and Reied as defined previously, fractional {njection
demand ,
WtelOO, turbine exhaust flow (lb/s) at rated 100% flow
with reactor vessel at a reference pressure of
1125 psia.

The HPCI and RCIC turbine exhausts are piped to quenching spargers
submerged in the suppression pool. These are vertical pipes, one for
HPCL and one for RCIC, with many small holes to promote stable condensa-
tion of the turbine exhaust. The pressure suppression pool model (see
Chapter 5) treats the turbine exhaust the same as the reactor vessel
safety relief valve (SRV) exhaust. The turbine exhausts are at a lower
enthalpy than SRV exhaust:

HSTE = 915 Btu/lb,

which is assumed to be constant.

In an actual accident, the demand for HPCI and/or RCIC injection
would be influenced by a number of factors. Without any operator ac-
tion, both systems will automatically start on low reactor vessel water
level and run at 100% flow until the turbines are automatically tripped
on high water level (after the vessel water level has iIncreased by over
100 in). When water level again decreases to the initiation setpoint,
the HPCIL system would again initiate automatically and again refill the
vessel. The RCIC will not actuate for a second injection cycle unless
the operator resets the turbine trip signal. Of course, the operators
need not wait for automatic initiation. They may start either the RCIC
or HPCIL system at almost any time, and throttle demand as necessary to
effect the desired control of vessel water level. T e domanded frac~
tional HPCI flow is equal to the operator-set demand, 48 modified by the




10

automatic trips or isolations:

Hpeid = (D,hpet)(B,hpei)
Reied = (D,reic)(B,reic)

where

D = operator-set fractional demand (function of indicated water
level and desired water level),

B = 1 If trip or is lation is not in effect, = 0 after trip or iso-
lation.

Table 2.1 lists the different conditions that can cause automatic

HPCI or RCIC turbine trips or turbine steam supply isolations. Section
2.5 explains the simulation of the operator-set demand.

2.2. Control Rod Drive Hydraulic System (CRDHS)

The CRDHS continuously pumps from the CST into the reactor vessel
(via the seals in the 185 CRD mechanisms) during normal operations. The
CRDHS injection will continue after reactor scram even without interven-
tion by the operators. In the event of loss of off-site power, the
electric motor driven CRDHS pumps stop, and operator action is required
to restore power to the pumps. In an emergency, the CRDHS injection
flow can be increased considerably by operator intervention. Chapter 3
of Ref. 2.2 and Appendix E of Ref. 2.3 describe the operation and design
of the CRDHS. Injection flow as a function of reactor vessel pressare,
the number of running CRDHS pumps (1 or 2), and the flow resistance, is
calculated as outlined below. Table 2.2 lists input parameters and
gives typical values applicable to Browns Ferry Unit 1. Figure 2.4 is a
schematic diagram of the layout of the Browns Ferry Unit 1 CRDHS.

Straightforward application of Bernoulli's law between the conden-
sate storage tank (CST) and the reactor vessel (RV) yields the following
equation:

hy = 2.32 P, + 35 + b,

p
where

hp = head developed by the CRDHS pump(s) (ft),

P., = reactor vessel pressure (psig),

2.5 = 144 10?/£¢? divided by the density of water at 90°F,
35 = elevation difference between the CST and RV injection point

(ft),

h, = total unrecoverable losses between the CST and RV (ft).

This equation {8 a simple statement that the CRDHS pump must develop
sufficient head to pump against reactor pressure while offsetting the
elevation difference and unrecoverable (i.e., frictional and shock) los~
ses. Acceleration or deceleration losses are neglegible for this
balance between the CST and the RV.
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After expressing the h_ and h, terms as quadratics in flow, the
above equation can be rearranged as a single quadratic equation which
can then be solved for the unknown, flow, using the familiar relation-
ship for the largest root of a quadratic polynomial:*

By = (b +/b? — 4ac)/2a

where

[+~
L ond
L)

flow injected into reactor vessel (gpm),
~(h;+ thﬂlle,
Fof 2
35 + 2322, —(h +hB +hyB2),
flow recirculated to pump suctlon (gpm per pump),
number of CRDHS pumps running,
loss coefficient (ft/(gpm?),

coefficients developed from least squares pump curve
fic.

o &
(" ]

n
i

B
kf
h1, h2

hy»

The loss coefficient, K1, relates the unrecoverable losses to the in-
jected flow as follows

= 2
hu KlBi

and the pump developed head is expressed as a quadratic function of B_,
P
the bulk flow per pump:

h =h_+ hB_+ hyB?
P o P P

where

By = By/N, + By .

The values for the coefficients were determined by a least squares fit

to the TVA-supplied pump head vs capacity curve (Fig. 2.5) resulting in
the following expression:

h_ = 3816 + 1.552B  — 0, 782 .
) " 0.0251 np

The calculation of loss coefficient, Ki, is more involved because two
parallel flow paths were considered: (1) the normal post-scram flow

*Actual values of system parameters lead to only one positive root.
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path through the charging header and the open scram inle. valves, and
(2) the pump test bypass flow path (which can only be opened by operator
action) into the reactor vessel via valves 85-551 and 85-50. (see Fig.
2.4). Thus, the loss term Kl is a composite of the two parallel flow
paths and also of a third, series resistance — the 85-527 throttling
valve* through which all injection must flow before entering the
charging header or the pump test bypass header:

& /K 2
K) 1/(1 Kch + 1/ Kpcb) - Ktv 5

where

K1 overall loss coefficient,

K., = loss coefficient for flow through the charging header,

th = loss coefficient for flow through the pump test bypass, and
v = loss coefficient for the 85-527 throttling valve.

Note that prior to operator action to enhance CRDHS flow, there is no

flow through the pump test bypass, and Kptb is effectively infinite, so

the above expression r.duces to K] = Koh *+ Kiy+ The input parameters in

Table 2.2 of this report utilize a value of Ken + Kpy) that was derived

from Fizg. 3.4.-10 of the Browns Ferry FSAR: (Kch + Key) = 0.0954

ft/(gpm®).

There is no FSAR data on flow through the pump test bypass, so a
value was estimated by taking into account the known fittings and valves
in each segment of piping of different diameter: tp = 0.01 ft/(gpm?).

The flow resistance of the 85-527 throttling valve was inferred
from Browns Ferry 0I-85, "Control Rod Drive Hydraulic System,” which
states that the valve has been set to maintain a 1500 psig control rod
drive pump discharge pressure (i.e., as measured directly upstream from
the valve) under normal conditions (before scram, with 60 gpm injection
flow and 80 gpm total pump flow, considering the 20 gpm recirculation
flow). This information is sufficient to allow the pressure drop across
the throtting valve to be estimated because the pump developed head is
avallable from the head capacity curve, and because the relative cleva-
tions of the CST and the pump discharge header are known. The calcu-
lated estimate of throtting valve flow coefficient is:

Key = 0.0507 £t/(gpm?).

For cases 1in which the 85-527 valve is fully opened as specified by
Browns Ferry EOI-41, it is assumed that K¢y 1s reduced by factor of ten
to 0.00507 ft/(gpm?).

*See Fig. 2.4.
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As part of the CRDHS modeling, an expression was developed to cal-
culate the oump suction pressure. This is necessary in order to deter-
mine at what flow the pump(s) would trip on low suction pressure (set at
18 in. mercury absolute, or 8.8 psia). The calculation proceeds from
Bernoulli's Law:

Ppn * Patn * Yolev - Apl,n'

where

P” = pump suction pressure (psia),
bV ley = 212 + 0.431(CST level) (psi),
API a * unrecoveral le pressure losses plus acceleration pressure
»

drop (psi).

The value of the loss term, AP , was estimated from the calculated
operating conditiors provided hli'.tabular form on Fig. 3.4-10 of the
Browns Ferry FSAR:

- 2
API,. 0.000516 Bp "
where B, = flow per pump (gpm).

Thg method described above for calculating pump suction pressure
was developed under the assumption that 100% of the pump suction pres-
sure loss occurs in the pump suction piping that is specific to each
pump. This assuaption is reasonable since the section of piping between
the CST and the CRD pumps that is common to both pumps is much larger,
and since the pump-specific piping includes the suction strainer which
is the largest single loss.

2,3, Condensate and Condensate Booster Pumps

Figure 2.6 shows schematically the relationship between the major
parts of the feedwater and condensate systems. Table 2.3 lists required
BWR-LTAS code input with typical Browns Ferry values. During normal
power operation, the condensate pumps (CPs), condensate hooster pumps
(CBPs) and main feedwater pumpe (MFPs) work in series to pump at a high
rate (~30,000 gpm), from the main condenser hotwell into the reactor
vessel. The BWR-LACP calculations performed for the SASA studies have
invariably begun after closure of the main steam 1isolation valves
(MSIVs), with the steam supply to the MFP turbines cut off, and the
electric motor driven CPs and CBPs running but not able to inject fato
the pressurized reactor vessel. The combined shutoff head of the CP®s
and CBPs is only about 40X of the normal reactor vessel pressure.
Figure 2.7 shows the head vs flow curves typical of Browns Ferry Unit 1.

Unless an accident sequence is initiated by loss of ac power, or
unless the CPs and CBPs are tripped by an operator, the pumps will be
running. If a depressurizatiou of the reactor vessel occurs later in
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the accident they will then be able to inject water from the hotwell
into the reactor vessel.

The calculation of injected flow as a function of reactor vessel
pressure is based on interpolation of an input table (or, on evaluation
of the polynomial equivalent) ot flow vs reactor vessel pressure. The
values for this table must be prepared beforehand by a separate calcula~-
tion that balances the head developed by the pumps against the line
losses, elevation change, and static head in the reactor vessel:

AHp = AH] + Pv(lbblkhoc) + Aﬂe

where

AH, = head developed by the pumps (ft),
AHY = unrecoverable losses (ft),
Aﬂe = elevation of the reactor vessel injection point above the
hotwell (=56 ft),
P, = reactor vessel pressure (psig),
Rhoc = density of the condensate (1b/ft3).

The A term {s calculated from the known performance curves (Fig.
2.7). The head loss term is proportioanal to loss coefficient times the
square of flow. The loss coefficient is based on the approximation that
the total unrecoverable loss (AP) between main condenser and reactor
vessel is 212 psid for normal full power operation; the effective loss
term at 00X flow is then increased to 250 psid to allow for the flow
resistance of the idle MFPs. F-rr each vessel pressure, P_, there is an
injected flow for which the above equation is satisfied. ¥or the Browns
Ferry input, this flow was calculated for a variety of vessel pressures.
The resulting injected flow as a function of vessel pressure is plotted
on Fig, 2.8. A table of condensate booster/condensate pump flow must be
input by the user via data statements in function subprogram CBPF if a
different injected flow versus vessel pressure relationship is desired.

2.4 Low Pressure Injection Systems

A schematic layout of the Core Spray (CS) system is shown on Fig.
2.9; that of the Residual Heat Removal (RHR) system is on Fig. 2.10.
Table 2.4 specifies inpu" parameters required by the simulation. The CS
system and the Low Pressure Coolant Injection (LPCI) mode of the RHR
system can inject into the reactor vessel at a high rate if the reactor
vessel pressure is below about 300 psia. These systems have such large
pumps because they are designed for rapid reflooding of the reactor ves-
sel following large-break loss of coolant accidents. For each accident
sequence investigated to date by the ORNL SASA team, the CS and RHR
systems were found to have a capacity some 20 to 50 times greater than
would be required to adequately cool the core. It should be noted that
there is no high level trip of these pumps.
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Normal suction for both CS and RHR systems is from the pressure
suppression pool (PSP), but the operators can remote-manually shift the
suction to the condensate storage tank (CST). The CS system introduces
injection into the reactor vessel via spray headers located directly
above the top of the core. The RHR system injects into the discharge
piping of the main recirculation pumps, and enters the ~eactor vessel
via the jet pump inlets. The entry point for low pressure injection
does not make much difference for most non-LOCA sequences (at least
before core damage or significant heatup). The reactor vessel thermo-
hydraulic model (Chapt. 3) treats both injection paths similarly, with
the exception that the core spray is assumed to combine directly with
steam 1f the reactor vessel water level is below 380 in* (the level of
the S spray headers).

The operators can influence the flow injected by the CS or RHR sys-
tems after their automatic initiation by turning off one or more pumps
or by throttling the flow by means of valves in the injection path. The
following expressions for flow per pump were developed from hand cal-
culations that considered the pump head vs flow curves and the unre-
roverable losses in piping. (Ref. 2.4) The throttling of the injection
valves is not simulated. Figure 2.1! shows the head vs flow curves
typical for Browns Ferry.

Blpei = (10316)(1 - Dpeccs/331)""°
Bes = (3879)(1 - Dpeccs/362)°’5

where

Blpei = bulk flow (grm) pumped from PSP into reacror vessel per
RHR punp,
Bes = bulk flow pumped from PSP into reactor vessel per CS pump,
Dpeccs = reactor vessel pressure minus PSP pressure (psid).

The corresponding mass flow equals the number of running pumps times the
bulk flow per pump times the density of the PSP water.

2.5. Manual Control of RCIC and/or HPCI Injection

Operators pre er to use the RCIC system to supply reactor vessel
injection requirer nts during the recovery period following a reactor
scram with MSIV closure. The 600 gpm RCIC capacity is very close to the
injection reguired to maintain constant water level immediately after a
scram from full power. Of course, if there is a coolant leak, another

*Normal reactor water level is 561 in. above vessel zero. The top
of active fuel (TAF) is at 360 in.
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pumping system, such as the HPCI system, would have to be started.
About | h after a scram from full power, the decay heat has decreased
such that the full RCIC capacity is about double that required to main-
tain constant water level.

ORNL investigators have observed at the Browns Ferry simulator that
operators act to prevent the see-sawing up and down of reactor vessel
water level and the abrupt stert and stop cycles of the HPCI turbine
that would occur if strictly automatic control were relied upon. They
effect this smooth control of vessel water level by periodically making
small adjustments to the flow demand at the RCIC control station. This
section outlines how operator control of che RCIC system is simulated.
Operator control of the larger but very similar HPCI system is simulated
in the same way.

The basic assumption employed in the simulation is that the opera-
tor will periodically check the reactor vessel water level and make cor-
rections to the RCIC flow demand that depend on how far the indicated
water level is from the desired water level. The programming to simu-
late this behavior is straightforward. Table 2.5 summarizes required
input and also serves to outline the program logic. Very low flows are
avoided due to the possible onset of controller instability (i.e. the
controller that automatically adjusts RCIC or HPCI turbine speed to
achieve the flow demanded by the operator); therefore the demand frac-
tion is not allowed te go below a minimum value, Dmin.

2.6. Net Positive Suction Head (NPSH) Requirements

NPSH is a measure, expressed in equivalent height of the water
being pumped, of how close the water is to saturation as it enters the
pump:

NPSH = (Pg + Py - P,)(144/Rho)

where

= static pressure (psia),

Py = dynamic pressure (i.e. velocity head (ft) times density/144),
P, = vapor pressure (psia) evaluated at the temperature of the
water as it enters the pump,

Rho = density (1b/ft3) of the water being pumped.

Most pumps require a minimum NPSH in order to operate properly. If a
pump is run witbout sufficient NPSH, a variety of consequences can re-
sult, from degradation of the pump developed head to cavitation and
erosion of the pump impeller, and possibly to total failure of the pump
or pvep motor. Pump manufacturers typically publish a minimum recom-
mended YN:3H for each of their pumps. Operation at or above this minimum
will assurc smooth, cavitation-noise free operation with no more than a
3% degradation of the developed head.
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Each of the pumps discussed in this chapter (excepting the conden-
sate pumps for the main condenser hotwells, which are designed to pump
saturated water) can be influenced by a low NPSH condition. Such a con-
dition might be caused by excessive flow resistance (e.g. a plugged
strainer) in the suction, or by excessive temperature of the pumped wa-
ter. Excessive temperature of the pumped water was of concern for the
Ni¥NL SASA program study of the Loss of Decay Heat Removal (LDHR) acci-
dent. In this accident sequence, the pool cooling is lost, and very
high pressure suppression pool (PSP) temperatures are reached. In order
to predict whether the high pool temperature would cause a failure of
the RHR pumps, the following exprossion was developed to calculate the
NPSH of the RHR pumps:

Hm + Dzrhr - (Hlrht(Nrhrl?) + H2rhr) (Brhr/10000)2

Hsrhr
Hm = (Ptspg - Pv)(144/Rho) + Dlpsp

where

Hsrhr = NPSH (ft) of RHR pump(s),
Hm = margin (ft) above saturation at the normal elevation of the
surface of the PSP,
Dzrhr = normal elevation (ft) of the surface of the PSP above the
RHR pumps,
Hlrhr = head loss (ft) at 100%Z flow in the RHR suction piping
common to both pumps in the loop,
Nrhrl = number of RHR pumps per loop (either 1 or 2),
H2rhr = head loss (ft) at 100% flow in the RHR suction piping
particular to each individual pump,
Brhr = flow (gpm) per RHR pump (10,000 gpm is nomiral 100% flow),
Ptspg = total pressure (psia) of PSP atmosphere,
Pv = vapor pressure (psia) of the water at the bottom of the
PSP,
Dipsp = change from normal of the PSP water level (ft).

Similar expressions were also developed for the NPSH of RCIC, HPCI, and
Core Spray pumps. These expressions assume that each pump is pumping
from the PSP; however, it should be emphasized that it is generally not
necessary for these systems to pump from the PSP. Therefore the calcu-
lation of NPSH margin for the RCIC and HPCi systems is for information
only, and no automatic failure on insufficient NPSH is programmed. If
the PSP temperature were excessive (suy, above 190°F) it would be much
better to take suction on the condensate storage tank where the water is
sufficiently cool so that inadequate MPSH is not of coacern. Terms in
the following expressions are defi-.~=d similarly to those defined above
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for the RHR system:

Hscs = Hm + Dzes - (Hles(Nesl?) + H2cs)(Bes/3125)2
Hshpei = Hm + Dzhpei - Hlhpei (Bhpei/5000)2
Hsrcic = Hm + Dzrecic - Hlreic (Brcic/GOO)2 o

It should be mentioned that there is an additional failure mechanism for
RCIC and HPCI if they should be used to pump hot water from the PSP. The
lube oil of the RCIC and HPCI steam turbines is cooled by the pumped
water. If the lube oil temperature exceeds 200°F, failure of the tur-
bines is likely. Therefore, if an attempt were made to pump PSP water
elevated to the neighborhood of 200°F, failure of the RCIC and HPCI tur-
bines would result, even though the NPSH might be sufficient.

2.7 Sources of Water for Vessel Injection

Table 2.6 lists the sources of water available to each of the in-
Jection systems considered in this chapter. For most of the SASA inves-
tigations to date, the CST has been the primary source. The Browns
Ferry Unit | CST normaily holds about 362,000 gal of condensate — suf-
ficient to cool the shutdown core for more than 24 h. Of course, in the
event of a primary coolant line break, the reserve inventory can be de-
pleted much faster.

If a condensate booster pump and condensate pump are providing
injection to the reactor vessel, then the main condenser hotwell becomes
the primary source of water. The makeup connection between the CST and
hotwell is controlled by an automatic valve that opens to allow flow
from CST to hotwell if the hotwell level falls about 6 inches below nor-
mal. During normal operations, the CST makeup flow to the hotwell, if
actuated, 1is substantial because of the vacuum within the main con-
denser, During most long accident sequences the condenser vacuum is
lost, so the CST to hotwell flow is driven only by gravity, at a much
lower flow. The hotwell makeup pipe i{s connected to the CST by means of
a standoipe (inside the CST) of a height sufficient to reserve 135,000
gal of coolant for the safety systems (HPCI, RCIC, and CRDHS).

For SASA investigations to date, it has been necessary to program
the following mass balance equations to keep track of the coolant inven-
tory in CST and hotwell. Not all the possible flow connections listed
on Table 2.6 are programmed. For example, if a future sequence requires
that the operator switch the Core Spray suction from PSP to CST, then an
additional term would have to be added to the CST mass balance:

d/dt(Mcst) = ~Shwmu(Whot) - Shpsuc(Whpei) - Srcsuc(W-csuc) - Werhy

d/dt(Mhw) = Shwmu(Whot) - Webp
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where

Mcst = mass of coolant in CST (1b),
Shwmu = 0 if CST volume < 135000 gal or if hotwell water level
> makeup point (= 1 otherwise),
Whot = automatically controlled makeup flow (1lb/s) from CST to
hotwell (calculated as indicated below),
Shpsuc = logic to switch the HPCI suction from CST to PSP when
indicated PSP water level exceeds +7 in,
Srcsuc = logic to allow operator to switch RCIC suction,
Whpei = HPCI flow,
Wrcic = RCIC flow,
Werhy = CRDHS flow (injected into reactor vessel unless there is a
line break),
Mhw = mass of water in the main condenser hotwell,
Webp = condensate flow pumped from hotwell by condensate and con-
densate booster pumps.

The gravity driven hotwell makeup flow is given by
Whot = .073 + 1.74(10)77(Vest),

where Vcst is the coolant volume (cu. ft) in the CST. There is no
provision for modeling the effect of condenser vacuum because it 1is
expected that the condenser would be at atmospheric pressure during a
severe accident sequence.

The temperature of water in the CST has generally been assumed to
be 90°F, while the temperature of the PSP (initially 90°F) is a function
of the amount of steam quenched in the PSP following accident initia-
tion. Therefore, a steady flow energy balance is necessary to calculate
the temperature of water injected into the reactor vessel if water from
both the PSP and the CST is being injected.
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Table 2.1. Input parameters for HPCI and RCIC systems
BFNP
Name Satus Explanation

RCIC

Rcicmx 83,3 1b/s Rated reactor vessel injection with reactor
at full pressure (equivalent to 600 gpm)

WtercO 7.97 1b/s Turbine steam flow when pumping full flow
into fully pressurized reactor vessel

Lremt 582 in. Reactor vessel water level (ia above vessel
zero) for manual turbine trip

Lremin 476.5 in. Reactor vessel water level for manual ini-
tiation of RCIC flow

Orcman 150 % Time to begin manual RCIC control

Orct 7600 8% Time for manual turbine trip

Orctr 10800 % ime for resetting manual turbine trip

Lrct 582 in. Reactor vessel level for automatic turbine
trip

Lrecin 476.5 in. Vess21 level for automatic initiation

Perct 40 psia Turbine exhaust pressure (= suppression pcol
pressure) for automatic turbine trip

Prcis 65 psia Reaztor vessel steam pressure for automatic
turbine steam supply isolation

Trcis 200 F Turbine steam supply line space temperature
for automatic turbine steam supply isolation

Trcf 190 F PSP temp for RCIC/HPCI failure (only {if
suction has been shifted to suppression
pool)

HPCI

Hpcimx  694.1 1b/s Rated reactor vessel injection with reactor
vessel at full pressure (equivalent to 5000
gpm)

WtehpO 51.15 1b/s Turbine steam flow when pumping full flow
into fully pressurized reactor vessel

Lhpmin 476.0 in. Reactor vessel water level for manual initi-
ation of HPCI flow

Lhpmt 540 in. Reactor vessel water level for manual

turbine trip
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Table 2.1. (continued)

BFNP

Name Value Explanation

Ohpt 600 s9 Time for manual turbine trip

Ohptr 108 &4 Time for reset of manual trip

Phpin 16.5 psia Primary containment pressure for automatic
HPCI initi{ation

Lhpin 476 1in. Reactor vessel water level for automatic
HPCI initiation

Lhpt 582 in. Vessel water level for automatic turbine
trip

Phpis 115 psia Vessel pressure for automatic turbi‘e steam
supply isolation

Pehpis 165 psia Turbine exhaust pressure (= suppression pool
pressure) for automatic isolation

Thpis 200°F Turbine steam line space temperature for
automatic isolation

Lspss +7 in. Indicated PSP level for automatic shift of
HPCI suction from the CST to the PSP

Lestss 0.0 in, CST level for automatic shift of HPCI
suction from the CST to the PSP

Ohpman  150.0 s Time to begin manual HPCI control

aVery large values (e.g., 10%) may be used to prevent the indi-
cated operator action.
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Input parameters for the control rod

drive hydraulic system

Parameter

Value

Definition

Dzv

HO

H1

H2

Kcrdch

Kerdty

Kptb

Dzs

Ksu

Osscrd

Lterd

Ootv

Ooptb

35 ft

20 gpm

3816 ft

1.552 ft/gpm

-0.02517 ft/(gpu?)

0.0447 ft/(gpm?)

0.0507 ft/(gpm?)

0.01 ft/(gpm?)

21.2 ft

.000516 ft/(gpm?)

108 ¢4

582 in.,

108 g%

105 4

Elevation of the reactor vessel above
the CST

Pump discharge to pump suction recir-
culation flow per pump

Constant in the second order fit of
the pump head vs flow curve

Coefficient of the first power of bulk
flow (gpm) per pump in the pump head
vs flow curve

Coerficient of the second power of
bulk flow per pump in the pump head vs
flow curve

Loss coefficient for flow through the
charging header (between the 85-527
throttling valve and the interior o€
the reactor vessel)

Normal loss coefficient for flow
through the CRD pump discharge
throttle valve (85-527 valve at
Browns Ferry Unit 1)

Loss coefficient for flow through the
pump test bypass line (from pump dis-
charge to interior of reactor vessel)

Elevation of the bottom of the CST
above the CRD pump centerline

Loss coefficient (unrecoverable plus
acceleration) for bulk flow (per pump)
between CST and CRD pump suction

Time for the operator to start the
second CRD pump

Indicated reactor vessel water level
above which operator throttles the CRD
pump discharge valve (triples flow
resistance, Ktv)

Time for operator to open the CRD } mmp
discharge valve (flow resistance, Kiv,
reduced to 10% of normal value)

Time for operator to open the pump
test bypass valve
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Table 2.2. (continued)

Parameter Value Definition

Otcrdp 10 g4

Tslc 10® %

Time for operator to trip all CRD
pumps (or for failure of CRD pumps)

Time at which the operator initiates

injection of (non-borated) demineral-
ized water by the SLC system to sup-

plement the CRD pump injection.

aVery large values (e.g., 10%) may be used to prevent the indi-

cated operator action.

Table 2.3. Input parameters for CPs/CBPs

Definition

Parameter Value
Ocbpc 60 s
Oocbp 10 g4
Otcbp 0.0 s

Time interval between the periodic operator
checks of vessel water level and adjustment of
injected flow

Time when operator control of condensate booster
pump flow begins

Time when operator trips the condensate and
condensate booster pump

Wery large values (e.g., 10%) may be used to prevent the indi-

cated operator action.
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Table 2.4, Input data for low pressure injection systems

Parameter Value Definition

Hsrhrf 15.6 ft Threshold net positive suction head for failure
of RHR pump

Hscsf 16.2 ft Threshold net positive suction head for failure
of Core Spray pump

Llpi 413.5 1in. Reactor vessel water level for automatic start
of CS and RHR pumps

Pvlipi 480 psia Low vessel pressure (in conjunction with high
drywell pressure) for automatic start of CS
and RHR pumps

Pdlpi 16.95 psia High drywell pressure (with low vessel
pressure) for CS and RHR start

Pvlpiv 480 psia Low vessel pressure which permits injection
valves to open after the CS and/or RHR
automatically initiate

Ncs QSASﬁa Number of operable core spray pumps

Nlpci QSASﬁa Number of operable RHR pumps

Oscs 108 sb Time for operator to start core spray pumps

Oslpci 108 sb Time for operator to start RYR pumps for LPCI

Odcs 0.0 s Time for operator to disable the automatic
operation of the CS system

Odlpci 0.0 s Time for operator to disable the automatic
operation of the LPCI mode of RHR

Llpit 587.0 1in. Reactor vessel water level at which the
operator would discontinue low pressure in-
jection in order to prevent overfilling the
reactor vessel

Tefail 30 s Time that an RAR pump or core spray pump must

operate below the threshold net positive
suction head (Hsrhrf or Hscsf) in order to
cause pump failure

Refers to arbitrary user input.

bVery large values (e.g., 10°) may be used to prevent the indicated
operator action.
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Input parameters for simulation of

manual control of HPCI and RCIC systems

Parameter Value Description
Opchrc 60 s Time interval between operator checks of the
reactor vessel water level
Ldcset + 12 Water level (in.) above which the operator
would run the system at minimum demand
Ldcset + 8 Water level (in.) above which the operator
would decrease the current flow demand
setting by 10% of full sca
Ldcset + 5 Water level (in.) above which the operator
would decrease demand by 5% of full scale
Ldcset 560 in. Desired indicated reactor vessel water level
(setpoint for manual control)
Ldcset - 5 Water level (in.) below which the operator
would increase demand by 5% of full scale
Ldcset - 20 Water level (in.) below which the operator
would restore demand to 100Z of full scale
Dmin 0.20 Minimum demanded flow (fraction of full
flow) allowed for manual control (turbine
control might be unstable below this demand)
Table 2.6. Sources of water for reactor vessel injection
Injection Normal Alternate Suction
system suction suction shift
HPCI CST PSP Manual or automatic
RCIC CST PSP Manual
LPCI (RHR) PSP CST Manual
Core Spray PSP CST Manual
CRDHS CST None None
SLCS SLC tank Demin., water Local manual
Condensate Hotwell None None
Note: CST = condensate storage tank

PSP = pressure suppression pool
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3. PRIMARY COOLANT SYSTEM THERMOHYDRAULICS

This chapter describes the modeling of thermohydraulic processes
within the reactor vessel and attached recirculation piping and main
steam piping. The system variables calculated by this part of the model
are among the most vital and basic to a BWR: core coverage, reactor
vessel injection requirements, reactor vessel pressure, steam flow to
the primary containment, and the transfer of heat from the surfaces of
the reactor vessel and associated piping to the drywell atmosphere. The
mathematical model is programmed to function at any reactor vessel pres-
sure between atmospheric pressure and 1300 psia (well above the normal
pressure of 1025 psia). The reactor vessel water inventory can range
from nearly empty (water in the vessel lower plenum only) to nearly
full. [For proper convergence the pressure calculation assumes that
there is always a steam space of at least 500 ft? volume (about 2% of
vessel free volume)].

The BWR-LTAS code is intended to be used to investigate that por-
tion of accident sequences up to but not including permanent core un-
covery and subsequent fuel damage. For this reason, no provision is
made to calculate heatup of the fuel during periods of core uncovery.
This has allowed considerable simplification of the programming, but has
not prevented the use nf BWR-LTAS for the applicable portions of all of
the accidents investigated by the ORNL SASA team. For sequences involv-
ing no core uncovery, or even a brief core uncovery (e.ge. < 10 min) fol-
lowed by recovery, the core does not heatup enough to reach damaging
temperatures, and BWR-LTAS can be used to investigate the sequence. But,
if there is a long term partial core uncovery, the core may heatup into
the damage region (i.e. > Z2200°F) and the fuel temperature must there-
fore be calculated. In their investigation of the effect of small
capacity, high pressure injection systems on TQUV accidents (Ref. 3.1),
the ORNL SASA team used a special, modified version of the MARCH code to
calculate the core heatup during prolonged partial core uncovery.

For modeling purposes in BWR-LTAS, the thermohydraulic processes
within the reactor vessel are grouped into two regions: the steam-only
region, which normally comprises approxiwmately the top third of the
reactor vessel; and the steam-water region, which includes water and
steam/water regions and normally covers the reactor fuel. Given the in-
jection flows and reactor vessel pressure, the steam/water region model
calculates the reactor vessel water levels and the core steam production
rate. The steam-only region calculation operates on the core steam pro-
duction rate (and also on relief valve position information) to calcu-
late reactor vessel pressure.

Certain simplifying assumptions are built into the reactor vessel
thermohydraulic model. The justification for these assumptions is that
BWR-LTAS is intended for use in the simulation of low power (e.g. decay
heat) transients without any large liquid or steam line breaks: (1) The
water in the reactor vessel downcomer and lower plenum regions contains
no steam. In an actual reactor, it is known that there is carry-under
of steam into the upper parts of the downcomer during full power opera-
tion, but with the reactor shut down and on decay heat, there should be
very little carry-under. (2) Circulation of coolant within the reactor
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vessel is always in the normal direction; i.e., from downcomer to lower
plenum, to core, to steam separators, with the steam separators allowing
steam to pass into the vessel steam space while returning any liquid to
the downcomers. This a reasonable assumption since the reactor vessel
internals are designed to promote this natural circulation flow. (3)
The steam separators, aided by the dryers, are assumed to be 100% effec~-
tive in eliminating entrained water from the steam-only region. More-
over, flow from the steam space to the pressure suppression pool via the
safety relief valves is similarly assumed to contain no entrained water.

3.1 Water/Steam Region

The water/steam region includes four subregions: water in the
downcomer annulus, water in the lower plenum, water/steam in and above
the core (inside the core shroud, extending from the core inlet to the
steam separators), and the fuel within the core. Figure 3.1 shows each
of these regious, and Fig. 3.2 provides a three dimensional view of the
reactor vessel internals.

Mass and/or energy conservation relations are solved for each re-
gion. The energy conservation relations yield the enthalpy and water
level for the liquid in the downcomer and lower plenum, the subcooled
region length, and the boiling rate in the core. The total driving head
for natural circulation and the corresponding natural circulation flow
can then be calculated. The rate of recirculation of coolant from the
steam separators back to the downcomer annulus is dependent upon the
mixture level in the shroud as explained in Section 3.1.3. In steady-
state, the rate of recirculation is equal to the core inlet flow less
the boiling rate.

3.1.1 Core decay heat production

Tl.e rate of heat generation in the core, based on the 1979 ANS
standard (Ref. 3.1), includes the heat released not only by decaying
fission products but also by decay of the actinides and other activation
products. Table 3.1 lists values of total fractional decay heat as a
function of time after scram. The pre-scram period of full power opera-
tion is assumed to be long in comparison to the half-lives for decay of
the significant fission products.

The nuclear heat generation of the core is added to the fuel aad
then transferred from the surface of the fuel rods to the coolant. To
simulate the delay between the addition of heat to the fuel and the

transfer of heat from the surface of the fuel rods, the following dif-
ferential equation is solved:

(d/dt) P (Pd -P.) (prlncf)
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Tg = whole core, volume averaged fuel temperature (°F),
P4y = decay heat power (fraction of full power),
¢ = heat transfer (thermal power) from the surface of the fuel
rods (fraction of full power),
pr = full power heat generation rate (Btu/s),
mass times specific heat of the fuel and clad (Btu/°F).

o
L}

&
L)
]

The heat capacity of the clad is lumped with that of the fuel; this is
adequate because the zirconium-water reaction is not modeled by BWR-LTAS
and the clad temperature does not need to be known.

The thermal power fraction transferred to the coolant depends on
the fuel temperature, Tg, and on the saturation temperature of the core
coolant (Tg) as follows:

Pe = (T =TT, = Ts)fp
where (T¢ _'Ts)f is the difference between volume averaged fuel tem-
perature and coolant saturation temperature during full power operation.

The relationships above are utilized primarily as means of simulat-
ing the delay between heat generation and heat transfer to the coolant.
This means of calculating the average fuel temperature is correct in an
approximate sense as long as the reactor vessel two-phase water level is
high enough to keep the core fully immersed. The addition of the core's
sensible heat content to the coolant in the event of reactor vessel de-
pressurization is properly accounted for.

The axial power shape must be considered in order to properly allo-
cate the core heat generation to the two regions of the core average hy-
draulic channel, the subcooled region and the boiling region (Fig. 3.1).
Table 3.2 specifies values of the average core axial power generation
profile representative of the equilibrium core to be utilized ian all
future ORNL SASA studies of accident sequences at the Browns Ferry Unit
| reactor. The rate of heat transfer to each region is determined as a
function of the region length and the average of the axial power profile
over that region:

Qsc - Foc pr Pt (Lsc/Lt)

Q, = Fy Qg P (Ly/Ly)
where

Qge = rate of heat transfer to coolant in the subcooled region
(Btu/s),

Qp = rate of heat addition to boiling region coolant (Btu/s),

Fac = normalized axial power, averaged betweer the core entrance
(bottom) and the end of the subcooled region,
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Fp, = normalized axial power, averaged between the end of the
subcooled region (beginning of the boiling region) and the
end of the boiling region,

pr'Pt = defined previously,
Lgorlq = subcooled and boiling region lengths (ft),
sc

Ly = total active fuel length (ft).

3.1.2 Downcomer and lower plenum

The downcomer region extends from the surface of the water, wher-
ever it may be in the downcomer annulus, to the bottom of the jet pump
diffusers (see Figs. 3.1 and 3.2). The liquid portion of the lower
plenum and downcomer regions ‘s assumed not to have any entrained steam.
The volume of water in the downcomer region is variable, whereas the
lower plenum region contains a fixed volume (except in the very rare in-
stances in which the downcomer region is entirely emptied). The down-
comer region mass balance is:

d/de (“dc) - utas . "inj o uinjal " wexpc b uecc
" "cond . wrpn -'wdclp -'wfldc
where
Wegg = flow of water returning from the steam separators back to

the downcomer (1lb/s),
uinj = total high pressure injection plus flow from the main
feedwater system (i.e. pumped by condensate booster pumps)
(1b/s)
winjas = flow of steam condensed from the steam-only region by the
high pressure injection, which enters via the main feed-
water sparger nozzles (lb/s),
wexpc = flow of moisture condensing out of the steam-only region
in the event of expansion (i.e. during a period of
decreasing downcomer water level) (1b/s),
Woee = total low pressure ECCS flow, includes both core spray and
RHR system LPCI mode injection (1b/s),
wdclp = 5107 ;ron the downcomer region to the lower plenum region
1b/s),
“rpn = net flow from the recirculation piping to the downcomer
region (1lb/s),
Welde = rate of flashing of the water in the downcomer (1b/s),
W.ond = rate of condensation of steam onto the surface of the
downcomer water (lb/s).

The flow W, ag 18 non-zero only when the downcomer water level is
below the level 5& the feedwater sparger nozzles (below 500 inches for
Browns Ferry). When the downcomer water level is below the sparger noz-
zles, the injected flow, W 't is heated as it falls through the steam
atmosphere “y the very rapis condensation of steam onto the surface of
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the falling droplets or jets. The final enthalpy of the injected flow
is

+ (h ) F‘

Piage ™ Pingt £~ Mnge

where

h = enthalpy of injected flow as it enters the reactor vessel
inji
(Btu/1b),
hinjf = enthalpy of injected flow as it hits the surface of the
downcomer region water (Btu/lb),

hg = enthalpy of saturated fluid (Btu/lb),
F, = fractional approach to saturation, limited between 0 and 1,
= (Lspa - Ldc)/Lsat,
L pa = elevation of the feedwater sparger nozzles (ft),
de = elevation of the surface of the downcomer water (i.e. water

level) (ft),
distance of fall through steam required for injected spray
to become saturated (user input) (ft).

L

sat

The flow (1b/s) induced in the recirculation piping "tp' is propor-
tional to the flow from the downcomer to the core (via the lower plen-
um), W i{» times an input constant (FFREC, Table A.2); the residence time
of coolant in the recirculation piping is:

TI'P vtP ptplw

rp’

Heat transfer from the recirculation piping is assumed to be negligible,
so, on the average, coolant in the recirculation piping has the same
properties as the downcomer coolant delayed by a first order lag equal
£ T__» For example, the average density p_ , is determined by the
soluffon of o

d(otp)/dt = (odc - orp)ltrp.

where

p. = density of coolant in the downcomer (1b/ft?).

de

The net mass flow (1lb/s) of roolant from the downcomer is then

wrp' » vrp d(otp)/dt = v!.p (ol_p -~ Ddc)/ttp

where

Vrp = volume of piping associated with the recirculation pumps.
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The flow from the downcomer region to the lower plenum region is
calculated on the premise that the lower plenum must remain water
filled. Thus the flow into the lower plenum from the downcomer must re-
place the mass flowing out of the lower plenum with an equal volume of
water:

Hdclp L (wct » "fllp) (pdclplp)
where

W.; = core inlet flow (flow from lower plenum into bottom of
core) (lb/s),
Weppp = rate of flashing of iower plenum water (e.g. during vessel
p
depressurization) (lb/s),
Pqo = density of downcomer region water (1b/ft3),
plp = density of lower plenum water (1b/ft3).
If the enthalpy of the downcomer region water, hdc' is near satura-
tion and the reactor vessel pressure begins to decrease, part of the
water will begin to flash to steam at the rate Wg,,.. Since super-
saturated water is very unstable, the flashing will centinue until hj.
is reduced to below hg, the saturated fluid enthalpy. Therefore, if hy.
> hf:

(h

Ye1de ™ Mae Pae — M) Fepaon

where

Mjo = mass of water in the downcomer region,

Fglash = fraction of water flashing per second per Btu/lb of super-
saturation. (This is a user input constant; a small value
of 0.001 1b/Btu s is typically used because of the sub-
stantial mass (~157,000 1b) normally in the downcomer.)

An expression of the same form is used to calculate the rate of fliashing
from the lower plenum, Wy

1 .
The lower plenum mass galance is:

d/dt(Hlp) - W

Yac1p ~ Vet ~ Ye11p 0

where each of the flows has been defined previously.

The energy balance for the downcomer is:

dc) * hf wrss - h1nj "inj . hf winjas

. Yexpe * Bece Yecc * hrp ¥epn - wdclp'_ hg ¥£1de

(d/dt) (Hdc h



downcomer water enthalpy (approximately equal to 1internal
energy for water) (Btu/lb),
enthalpy of low pressure ECCS injection (systems that inject
from PSP) (Btu/lb),
enthalpy of high pressure system injection (HPCI, RCIC,

DHS; systems that inject from CST) (Btu/lb),
enthalpy of the induced circulation from the recirculation
plping as it reenters the downcomer region (Btu/lb),
enthalpy of dry saturated steam (Btu/lb).

he enthalpy of water returning from the recirculation piping

3.3), “r[" is calculated by solving the equation of a first
that represents the residence time of fluid in the piping:

[he energy

(d

where all terms have been defined previo The lower plenum and
3 ¢
]

downcomer enthalpies are found as fol OWS :

M4
My .
ol

(Mh) , ./

. de

- k{h\/l' /
Lp

bsled In-shroud region

[his region extends from the bottom of the active fuel at the core
inlet to the top of the steam separators. A mass balance for the whole

region is solved:

(d/dt) M .

. "
tot 3 rss tost
where terms not previously defined include

= total flow of steam to the reactor vessel steam space (in-

cludes u!l‘ ‘ (1lb/s)

LP ’
total water/steam mass between core inlet and steam separa-
tor outlet (1lb/s).

The flow of saturated water, '-drh“, returned by the steam separators
to the downcomer region depends on the location of the interface between
the steam/water region above the core and the steam-only region which
Occupies the upper part of the reactor vessel. I[f the interface occurs

below the elevation of the bottom of the steam separators, then phase
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separation is occurring in the standpipes, outlet plenum, or in the core
itself, and there is no flow of saturated water back to the downcome-.
The lower steaming rates associated with decay heat power make this
phase separation possible. If the interface between the steam/vater and
steam-only regions occurs at or above a certain point within the steam
separators, assumed here to be the vertical midpoint of the steam sep-
arators, all the saturated water flowing into the steam separators is
returned to the downcomer. This behavior is simulated by the following
relationship:

W = (W

rss ci —'ubo) (L

Lbot)/(L“ -L_.)

int bot

W.iy = flow into the core (1b/s),

core boiling rate (1b/s),

elevation of the interface between the water/steam and
steam~only regions (ft),

Lh:t = elevation of the bottom of the steam separators (ft),

—
;t
=1
LI |

= reference elevation (halfway up the length of the steam
separators) (ft).

The value of the ratio (Ly,, — Lbot)/(Lrp = Lpoe) 1s constrained
between 0.0 and 1.0.

The key to determining the core boiling rate and the distribution
of the water/steam region mass inventory, between the subcooled
and saturated subregions ic the core subcooleé’region. Solution of the
following equation yields the length of the subcooled region of an aver-
age channel, which is used by the model to represent the aggregate be-
havior of all core channels:

W, (h,—=h_ )]/

(d/de) Lec = [Lac Qfsc Pcor T Vel £ ci

e, A (h

el “cor V'f _'hci)]

where

Lge = length of average channel subcooled region (ft),

Qfge = heat flux (Btu/s ft?) averaged over the subcooled region
(see also Section 3.1.1),

P.or = heat ttanufer perimeter (heat transfer area divided by
length) (ft? i

h.y = core inlet enthalpy (also equals hlp as presented in 3.1.2)

(Btu/1b),
p ., = density of water entering the core (1b/ftd),
ci
A = flow area of core (ft?).

cor

This equation was derived by combining the mass and energy conservation
relations for the subcooled region.
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The boiling region length, Lb, is equal to the total core active
fuel length minus the subcooled length. The core boiling rate is:

Yoo © Qg Poor Lb)/(hg = he)

where Q is the heat flux averaged over the boiling length of the
core, density of the water/steam mixture in the core, core outlet
plenum, and standpipes is calculated by means of a drift-flux formula-
tion in which the void fraction is calculated as a function of total
flow and steam flow:

a= 3 /1C, g+ 3 +V ]

gj

where

a = yoid fraction,

jg = steam mass velocity (volumetric flow per unit area),
jg = water mass velocity (volumetric flow per unit area),
Co distribution coefficient = 1.1,
ng = drift velocity = 1.15 ft/s.

The coefficient values for C. and V8 were taken from Lahey and Kamath,
(Ref. 3.2) and were selecteg to givl void fractions in agreement with
experimental data for water/steam at low (decay heat) steaming rates.

The density of the water/steam mixture is:
p-au:»g+(l—m)c>f

where

p_ = density of saturated dry steam (1b/ft3),
Pe = density of saturated water (1lb/ft3).

The density for each of the in-shroud two-phase regions (core boil-
ivg region, core outlet plenum, and standpipes) is calculated. In the
core boiling region, the steam flow increases and density decreases with
distance up the channel, so the density must be calculated a: several
points and an average utilized to represent the whole core boiling re-
gion. The total two phase mixture height inside the shroud is then cal-
culated from the known quantities: the density in each subregion, the
subcooled region length, and the total in-shroud mass.

At decay heat steaming rates, the densities of the water/steam mix-
ture in the core boiling region, outlet plenum, and standpipes can be
relatively high, consistent with a significant inventoryvy of saturated
water. During periods of changing reactor vessel pressure, this inven-
tory of saturated water would have a transient influence on the net
steawing rate that would be dependent on the mass of saturated water
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present:

where
AW__ = change to boiling rate,

M oo ™ total in-shroud inventory of saturated water,
hf'hs = gaturation properties.

3.1.4 In-vessel natural circulation

The circulation of water from the downcomer and lower plenum into
the core occurs because the density of the two phase mixture inside the
shroud is lower than the density of the single phase water in the down-
comer region. The amount of flow is determined by a balance between the
density-difference driving head and the unrecoverable pressure drops in-
curred by the coolant flowing in the natural circulation path. The
driving head is:

AP = (L

. dc P -L o =L o -1 L _p_)/144

de sc ' sc b b op Pop ~ “sp Psp
where

AP = density difference driving head (psi),

Ldg = height of water in downcomer, referenced to the bottom of
active fuel,

core subcooled length,

core boiling length,

length of core outlet plenum,

length of standpipes.

LIC

Ly
Lop
Lgp

In the steady state, the driving head will be exactly counter
balanced by the unrecoverable losses associated with the circulation
flow:

- 2

ur
where
AP ¥ unrecoverable pressure drop throughout the circulation path,
Rl = loss coefficient (determined from reference conditions),
pb = average boiling region water/steam density,
Dr = average boiling region water/steam density for reference

conditions.

The "reference conditions” above must be taken from a steady-state,
natural circulation (recirculation pumps off) operating condition for
which reactor power, reactor vessel pressure, water level, and natural
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circulation flow are known. The density ratio (p_/p, ) is included in
this expression because most of the untecovetabletprgssure losses will
occur in the water/steam regions, especially the core; and the two-phase
lusses are, very roughly, inversely proportionzl to the density. The
flow is found by equating APur and APg, and solving for Wege

3.2 Steam-Only Region (Reactor Vessel Pressure)

The reactor vessel steam-only space extends from the top of the
downcomer water region to the top of the reactor vessel and includes the
volume of the main steam lines out to the Main Steam Isolation valves
(MS5IVs). (In all SASA studies to date, the MSIVs have been shut very
early in the accident sequence.) The mass inventory of the steam space
is assumed to consist only of steam, with no entrained water droplets,
and the flow from the steam space via the safety relief valves (SRVs) or
the RCIC and HPCI turbines consists of dry steam.

To solve for the pressure, it is necessary first to compute the
specific volume and enthalpy of the steam. These two properties uni-
quely determine the pressure via a steam-table look-up routine.

The mass balance for the steam space is

d/de (M) = eost * Ye1de wexpc = Waond =~ winju = Wary ™ Yare
where

M . = total steam mass (1b),

Wiost = net steam flow from in-shroud region (1b/s),

Wilde = rate of flashing of downcomer water (lb/s),
expe = condensation due to expansion of steam space (1lb/s),
cond = rate of condensation from steam space onto surface of

downcomer water (lb/s),
ulnjal = rate of ~ondensation from steam space onto injected spray

(lb/.):
Wgey = total SRV flow (1b/s),
ste = total flow to HPCI, RCIC steam turbines.

The volume of the steam space is

Vot ° Veres =~ Vwater -V

where
Viree = total vessel + main steam lines free volume (ft3),
Veater = free volume occupied by waisr in downcomer and lower
plenum regions (ft3),
Vg = volume within core shroud (ftd).

The specific volume of the steam space steam is Vev = Vge/Mge o
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The energy balance for the steam space is
]
d/dt (u M) = h; ¥eoat * hg ¥iiae — e Hexpc

- h. (uco . wste) ~ P (dvst/dt) (144/778)

nd ! uinju by wstv
where
ug = average specific internal energy of steam throughout the
steam space (Btu/lb),
hg = average specific enthalpy of steam throughout steam space
(Btu/lb),
hg.h = gaturation properties,
6 = gsteam space pressure (psia).

The enthalpy is:
= 1
hs (u.u.t)/n't + 1='v.v (144/778)
and total pressure is uniquely determined:

P = f(v.v,h‘) .
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Table 3.1. Decay heat after shutdown
(% of pre-scram operating power)

Time after shutdown Decay heat
(h) (%)
8.33(10)73 (30s) 4.36
1 1.38
2 1.13
3 1.01
5 0.88
8 0.78
24 0.59
36 0.53

Table 3.2. Axial power shape
(average channel)

Distance from core inlet

fraction of active Relative power

fuel length

0.0000 0.61
0.0833 1.04
0.1666 1.16
0.2500 1.19
0.3333 1.16
0.4166 l.11
0.5000 1.09
0.5833 1.07
0.6666 1.05
0.7500 1.03
0.8333 0.92
0.9166 0.72

1.0000 0.33
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4. SAFETY RELIEF VALVES (SRVs)

The SRVs (13 for each unit at Browns Ferry) are connected to the
main steamlines inside the drywell. They protect the reactor vessel
from overpressurization by automatically controlling reactor vessel
pressure when the Main Steam Isolation Valves (MSIVs) are closed. When
the MSIVs are closed, the SRVs provide the only path for relief of steam
produced in the reactor vessel, except for the RCIC and HPCI turbines
which accept relatively small steam flows when the turbines are running.

The SRVs are either open or closed — there are no intermediate
valve positions. The two-stage Target Rock valves currently in use at
Browns Ferry (see Fig. 4.1) are pilot operated. The pilot (i.e., first
“"stage”) valve can be opened by efither differential between upstream-
side steam pressure (= reactor vessel pressure) and downstream pressure
(= wetwell pressure) or by the action of control air pressure on the air
actuator. When the pilot valve opens,* it vents the above-piston cham-
ber of the main valve (second “"stage”), creating a pressure differencet
that pops the main valve open against the force of the main valve pre-
load spring. When the pilot valve closes, the above-piston chamber of
the main stage repressurizes (to upstream pressure) and the main valve
is forced shut by the main valve preload spring.

Steam operation of the pilot valve is associated with automatic SRV
actuation. The SRV opens when the differential between reactor vessel
pressure and containment pressure exceeds the set differential pressure
of 1105 re! or higher and then closes when reactor vessel pressure has
been reduced by about 5% (~50 to 60 psi) and the pilot valve reposi-
tions. However, as noted previously, it is the pressure differential
across the main valve piston that actually holds the valve open. There-
fore, even with the pilot valve positioned for SRV opening, the SRV will
close if and whe& reactor vessel pressure is reduced to within 20 psi of
wetwell pressure”; if this happens, the valve will reopen if reactor
vessel pressure subsequently increases to 50 psi above wetwell pressure.

Control air operation of the pilot valve is necessary for operator
initiated remote-manual actuation of any of the 13 SRVs, or for Auto-
matic Depressurization System (ADS) actuation of the six ADS SRVs. Con-
trol ailr must act across the valve air actuator in opposition to the

*For the ralve configuration shown on Fig. 4.1, the pilot valve
opens by being moved to the right. This requires compression of the
setpoint adjustment spring.

fThe below-piston chamber of the main valve is always connected to
the upstream pressure.

*SRV exhaust 1is piped to T-quencher discharge devices submerged
within the suppression pool. Therefore, the back pressure which is seen
by the above-piston chamber of the main valve when the pilot valve is
open {3 the wetwell pressure.
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drywell pressure in order to open the pilot valve. Drywell control air
pressure (normally about 115 psia) must exceed drywell pressure by at
least 25 psi to permit the opening of a closed SRV, and must continue to
exceed drywell pressure by at least 5 psi in order to maintain the pilot
valve positioned for SRV opening. Therefore, if drywell pressure ex-
ceeds 110 psia In an accident sequence, any remote-manually or ADS-
opened SRV will shut and stay shut until the reactor vessel pressure
reaches the setpoint necessary for automatic steam actuation of the
pilot valve.

The SRVs discharge to the suppression pool, whose pressure is nor-
mally close to atmospheric pressure and much lower than the reactor ves-
sel pressure. Therefore, sonic flow normally prevails in the throat of
an open valve, and flow is calculated as follows

Werv = Wrated l""/("’rl’t'”o.5

where
Wery = flow through the SRV if reactor vessel pressure is P and
reactor vessel steam density is ¢, and
"rated = flow through the SRV under rated conditions, when vessel

pressure is P, and vessel steam density is Pre

If the suppression pool pressure is greater than 44% of the reactor ves-
sel pressure, then the flow calculated by the formula above must be re-
duced since sonic flow conditions no longer prevail. When this is true,
the flow is corrected as follows:

Warv = Werys [2:22 (1 = pgp/p))°" "

where
- flow through the SRV,
Wervg = flow through the SRV for sonic flow,
5: = guppression pool pressure, and
8 = reactor vessel pressure.

Srv

4.1 Automatic Actuation

The pucpose of automatic SRV actuation is to prevent excessive
pressurization of the reactor vessel. The ASME code for nuclear pres-
sure vessels specifies performance requirements for safety valves: (1)
at least some of the SRVs must be set to open at or below the reactor
vessel design pressure, (2) each SRV must “"pop” open (to >97% of {its
full flow) at a pressure within I% of its pre-set opening pressure, and
(3) each SRV must, unless specifically exempted, reclose after the
pressure has been reduced by no more than 5%.
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At Browns Ferry, there are three designated banks of SRVs. The
four valves of the first bank are set to open at 1105 psig; the four
valves of the second bank are set to open at 1115 psig; and the five
valves of the third bank are set to open at 1125 psig. Even though the
valves in a given bank have the same wetpoint, they do not open or close
in concert. The setpoint for automatic SRV opening is set individually
at ea:h SRV by adjustment of the pilot valve setpoint adjustment spring.
Therefore, as provided for by the ASME code, each of the valves in a
bank might ope. . ywhere within +1X of the nominal opening pressure.
For example, the valves in the first bank, nominally set at 1105 psig,
may open anywhere between 1094 and 1116 psig. This effect may be sim-
ulated in BWR-LTAS by properly staggering the user-provided input for
the SRV automatic opening pressure setpoints.

Experience with the SRVs at Broms Ferry has shown that, after
opening automatically, an SRV will remain open until pressure Las been
reduced by between about 6% and 11%. The realistic closing pressures
can be simulated by staggering the user-provided finput for automatic
closing pressures between the maximum and minimum expected closing pres-
sures.

4.2 Automatic Depressurization

Six of the 13 SRVs at Browns Ferry are associated with the Auto-
matic Depressurization System (ADS). These valves are like the other
seven SRVs, in that they respond identically to automatic actuation and
to operator-initiated, remote-manual actuation. They are unlike the
other seven in that the pilot-stage solenoid of each of the six ADS
valves can respond to the ADS actuation signal (by admitting air to the
inlet of ti air actuator) and in that each of the six is equipped with
its own compressed air accumulator; thus, even in the event of the loss
of both the drywell air compressor and the station control air, the ADS
could still actuate to depressurize the reactor vessel.

At Browns Ferry, all the following indications are required for ADS
actuation: (1) high drywell pressure (>2.45 psig), (2) low reactor ves-
sel water level (<413.5 in.), (3) confirmatory low reactor vessel water
level (<546 {n.), and (4) the expiration of the ADS two-minute timer.
These features are built {nto the BWR-LTAS simulation and the setpoints
may be changed by changing user-provided input.

4.3 Manual Actuation

An operator can open any one of the 13 SRVs by moving the hand-
switch for that valve to the "on" position; the valve will not close
until the operator returns the handswitch to the “off" position. When
the reactor vessel is ‘solated, the plant emergency procedures instruct
the operator to control reactor vessel pressure in the neighborhood of
900 psig by manual actuation of the SRVs. Operator control is not abso-
lutely necessary since automatic SRV actuation will, without any help
from the operator, control the reactor vessel pressure between about
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1100 and 1000 psig. Operator control is preferred because SRV actua-
tions are less frequent under manual control, and this minimizes wear on
the valves and also the chance that an SRV will stick in the open posi-
tion. Operator control also allows the operator to selectively alter-
nate the SRVs in such a manner as to distribute the heat load associated
with SRV discharge more evenly around the circumference of the pressure
suppression pool.

BWR-LTAS simulates operator control by opening one SRV when pres-
sure exceeds the reactor vessel pressure setpoint? by about 100 psi, and
by closing the opened SRV when reactor vessel pressure has been reduced
to about 50 psi below the vessel pressure setpoint. Operator initiated
depressurization is simulated by ramping down the setpoint for vessel
pressure i.e., the user input desired reactor vessel pressure; the start
and end time, and final pressure reached are also specified by the user.

*The code is programmed with a setpoint of 950 psia; this 1is con-
sistent with typical Browns Ferry emergency operating instructions and
with operator performance observed at the Browns Ferry training simula-

tor.
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5. PRIMARY CONTAINMENT THERMOHYDRAULICS

5.1 Introduction

The primary containment thermohydraulic model is designed to pre-
dict pressures and temperatures over a wide range of conditions for a
large, but not all inclusive, number of accidents. For example, the
model is not intended to be adequate for the case of a large break LOCA
accident; however, it has been applied to the stud, of loss of decay
heat removal accidents and Ancicipated Transient Without Scram (ATWS)
accident sequences in which there would be a relatively slow pressuriza-
tion of the primary containment to 132 psia, the analytically predicted
overpressure failure pressure of the Mark 1 containment drywell. The
model calculates average temperatures and pressures for specified con-
trol volumes. No attempt is made to calculate localized phenomena such
as the pool swell that occurs in the locality of a discharging PSP T-
quencher.

Figure 5.1 shows the Browns Ferry primary containment. The inerted
light bulb — shaped drywell is a 1-1/8 in. average thickness pressure
vessel which is separated by several inches of foam insulation from the
closely surrounding concrete structure. The Browns Ferry drywell liner
weighs about 850,000 1bs and, as a heat sink, has a significant effect
on the temperature of the drywell atmosphere. The drywell houses the
reactor vessel and associated primary coolant system (PCS) piping, in-
cluding reactor vessel, reactor coolant recirculation pumps, steam
lines, and safety relief valves, and is inerted during reactor opera-
tion. The primary containment is surrounded by the reactor building
(Fig. 5.2.).

The drywell atmosphere temperature and pressure can be affected by
the primary coolant system (PCS) by direct heat transfer from the hot
PCS outer surfaces and by direct leakage of primary coolant. During
normal operation, there are other heat sources in the drywell such as
the recirculation pump motors. The drywell atmosphere coolers run dur-
ing normal operation snd maintain drywell temperature in the neighbor-
hood of 135 F.

The wetwell (Fig. 5.3) is a 31 ft minor diameter by 111.5 ft major
diameter torus made of 0.76 in thick steel, and located in the concrete-
walled torus chamber in the basement of the reactor building. The wet-
well ls approximately half-filled with water. This water, known as the
pressure suppression pool (PSP), is designed to serve as a heat sink for
condensation of steam discharged from the reactor coolant system under
accident or transient conditions. During a LOCA, steam would enter the
drywell atmosphere and then flow into the suppression pool through the
96 downcomer pipes distributed around the circumference of the PSP.
Under transient conditions, excess steam pressure within the reactor
vessel is relieved by SRVs whose discharge is piped directly into the
PSP through T-quencher devices located about 5 ft off the bottom of the
I5 ft deep pool. Tae T-quencher shown in Fig. 5.3 is rotated 90° from
its normal tangential alignment, for illustrative purposes. The resid-
ual heat removal (RHR) system can be aligned to provide PSP cooling ade~-
quate to prevent excessive PSP temperatures even if all of the decay
heat is being dissipated within the PSP,
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The drywell and wetwell atmospheres communicate through the 96 dry-
well-to-wetwell vent downcomers and the 8 wetwell-to-drywell vacuum
breakers. If drywell atmosphere pressure exceeds the wetwell atmosphere
pressure by about 1.75 psi, the water is forced from the interior of the
downcomers and the drywell atmosphere bubbles up through the PSP into
the wetwell atmosphere (most of the water vapor will be condensed). If
the pressure in the wetwell atmosphere exceeds the drywell pressure by
more than 0.5 psi, the wetwell-to-drywell vacuum breakers would open and
allow flow from the wetwell atmosphere to the drywell until the pressure
is equalized. These vacuum breakers are check valves, which can be
tested by means of compressed air actuators. For all but brief periods
during severe transients such as large break LOCA accidents, these mech-
anisms keep the wetwell and drywell atmosphere pressures within about 2
psi of each other.

The BWR-LTAS primary containment model performs energy and mass
balances on three regions: the drywell atmosphere, the wetwell atmo-
sphere, and the PSP. For the atmosphere regions, there is a separate
mass balance for each of the two gaseous components, nitrogen (since the
atmosphere is inerted) and water vapor. The assumption is made that
these gases behave as perfect gases. This allows the computation of
temperature from internal energy, and the calculation of pressure from
temperature and the component masses.

5.1.1 Primary containment atmosphere mass balances

Four equations describe the conservation of mass for the drywell
and wetwell atmospheres:

(d/dt) Mnspg = Wndwsp - Wnspl - Wnspdw

(d/dt) Mndwg = -Wndwsp ~ Wndwl + Wonspdw

(d/dt) Msspg = Wssvnq + Wsdwsp (Fngq) + Wstenq + Wtespw - Wsspdw -
Wsspl - Wespg

(d/dt) Msdwg = Wsdwr - Wsdwsp - Wedwe + Wsspdw - Wsdwl - Wedwg

where

Mnspg = mass of N2 in wetwell atmosphere (1b),

Msspg = mass of steam in wetwell atmosphere (1b),

Mrdwg = mass of N2 in drywell atmosphere (1b),

Msdwg = mass of steam in drywell atmosphere (1b),

Wndwsp = flow of N2 from drywell to wetwell atmosphere (1lb/s),
Wsdwsp = flow of steam from drywell to wetwell (1b/s),

Fnq = fraction of steam flowing to the downcomers that does not
condense before reaching the surface of the PSP,

Wnspdw = “low of N2 from wetwell to drywell atmosphere (1lb/s),
Wsspdw = flow of steam from wetwell to drywell atmosphere (1lb/s),
Wnspl = leakage flow of N2 from wetwell atmosphere (lb/s),

Wsspl = leakage flow of steam from wetwell atmosphere (lb/s),
Wndwl = leakage flow of N2 from drywell atmosphere (1b/s),

Wsdwl = leakage flow of steam from drywell atmosphere (1b/s),
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Wssvng = flow of steam from SRVs discharged into PSP but not
quenched (1lb/s),
Wstenq = flow of steam from steam turbines (HPCI or RCIC) dis-

charged into PSP but not quenched (1b/s),
Wtespw = rate of evaporation from the surface of the suppression

pool (1lb/s),

Wespg = flow of steam condensed from the wetwell atmosphere
(1b/s),

Wedwg = flow of steam condensed from the drywell atmosphere
(lb/')t

Wsdwr = flow of steam released directly to drywell atmosphere
(lb/.)n

Wedwe = flow of steam condensed in the drywell coolers (1b/s).

5.1.2 Intercompartment mass flows and compartment leakage

The density of each component is calculated by dividing its mass by
the compartment (i.e., drywell or wetwell atmosphere) free volume, The
mass rate of flow of N2 or steam between compartments or the compartment
leakage flow is then calculated by multiplying an input or calculated
bulk flow rate by the component density.

The compartment leakages are taken to be a constant input fraction
of the compartment volume per unit time. This simulates the increased
mass flow rate of leakage that occurs as primary containment pressure
Increases. For primary containment pressure over two atmospheres the
calculated leakage flow approximates choked flow through a restrictive
orifice. As a practical matter, the demonstrated leak rate of the
Browns Ferry primary containment is so low that its effect would be
significant ualy in a days-long accident sequence, The equations for
leakage fiow are,

Bspl = (Vgsp) (Flspg)
Wespl = (Bspl) (Msspg/Vgsp)
Wnspl = (Bspl) (Mnspg/Vgsp)
Bdwl = (Vgdw) (Fldwg) + Bdwvl
Wndwl = (Bdwl) (Mndwg/Vgdw)
Wsdwl = (Bdwl) (Msdwg/Vgdw)
where
Vgsp = volume of wetwell atmosphere (ftd),
Vgdw = volume of drywell atmosphere (ftd),
Bspl = bulk flow (volume/time) leaking from the wetwell atmosphere
to the surrounding reactor building (ft¥/s),
Bdwl = bulk flow leaking from drywell atmosphere (ft3/s),
Fldwg = drywell leakage fraction per unit time (1/8), (user input),
Flepg = wetwell leakage fraction per unit time (1/8), (user input),
Bdwvl = bulk flow from the drywell through the drywell vent line

(discharges to the plant stack via the Standby Gas Treat-
ment System) (defined below) (ft3/s).



63

Venting of the drywell (bulk flow = Bdwvl), if initiated by the
operators, can have a greater effect on containment pressure than does
the small leakage flow. Therefore, the vent flow is calculated with
more accuracy., If the flow is choked, bulk flow is:

Bdwvl = FFdve ¥ Tgdwr/Mwgdw

where

Bdwvl = bulk flow (ft3/s) through drywell vent,

Ffdve = flow factor [(ft¥/s) (1b/mole R)o's] for choked flow
through drywell vent line,

Tgdwr = average temperature of drywell atmosphere (R),

Mwgdw = average molecular weight (lb/mole) of drywell atmosphere.

If the flow is not choked, the bulk flow is:

Bdwvl = Ffdvuc v (Ptdwg — Pa) (Tgdwr)/[Mwgdw (Ptdwg + Pa)]

where

Ffdvue = flow factor [(ft3/s) (1b/mole R)o's] for unchoked flow
through drywell vent line,
Ptdwg = total pressure (psia) of drywell atmosphere,
Pa = ambient pressure (psia) of the reactor building surround-
ing the drywell

The bulk flow from the drywell to the wetwell atmosphere is zero if
there is not enough pressure difference to force the water down and out
of the 96 downcomer pipes. If the pressure difference is great enough
the bulk flow from drywell to wetwell is:

Bdwsp = BdwspO (Ptdwg - Ptspg - Pdevp)

where

BdwspO = user-input bulk flow from drywell to wetwell per unit
pressure difference (ft3/s/psi),
Ptspg = total pressure of wetwell atmosphere (psia),
Pdevp = user input pressure difference necessary to clear the
downcomer veat pipes (~1.75 psi).

The bulk flow from the wetwell airspace above the suppression pool
to the drywell consists of vacuum breaker flow and the wetwell-to-dry-
well compressor flow if the compressor is running. If the total pres-
sure of the wetwell atmosphere is less than 0.5 psi above the drywell
pressure, there is no vacuum breaker flow; when the wetwell pressure
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increases to >0.5 psi above the drywell pressure, the vacuum breaker
flow is:

Bvepdw =~ BspdwO (Ptspg — Ptdwg — Pdovb)

where,

Bvspdw =bulk flow from wetwell to drywell through the vacuum
breakers (tt’/o).

BspdwO = user-input total vacuum breaker bulk flow per unit pres-
sure drop (ft?/s/psia),

Pdovb =pressure difference required to open the vacuum breakers
(psti).

If the suppression pool-to-drywell delta P compressor is cunning, the
bulk flow is a user-input constant, Brdpc. If the drywell atmosphere
pressure exceeds wetwell pressure by more than a user-input differential
pressure Pmxdpc, the compressor is cut off; it muy be restarted if the
drywell pressure sinks to below Pmndpc. The purpose of this system is
to maintain the drywell pressure above wetwell pressure to minimize the
columns of water on the insides of the 96 drywell-to-wetwell down-
comers. In the event of a large break LOCA, the slug of water inside
each of the downcomers would be accelerated rapidly downward with the
possibility of damage to PSP internals or pressure boundary.

5¢1.3 Drywell and wetwell steam flows

To complete the mass balances, the steam flow rates must be speci-
fied. The condensation flows, Wespg and Wedwg, which consist primarily
of condensation on the metal walls surrounding the wetwell and drywell

Uc - Qc/'h8 - hf)
where

Q. = condensation heat transfer (Btu/s),
h' = saturated steam enthalpy (Btu/lb),
h¢ = saturated fluid enthalpy (Btu/lb).

The drywell cooler program calculates the rate of condensation inside
the coolers, Wedwe. The flow of steam from the suppression pool by
evaporation (Wtespw) or direct bubble~through of non-quenched SRV or
steam turbine exhaust (Wssvnq or Wetenq) are calculated by the PSP
model. The flow of steam released directly to the drywell, Wsdwr, is
the flash fraction of liquid coolant levkage from the primary coolant
system. The input constant Wdleak allows the user to specify a constant
leakage of saturated water from the primary coolant system to the
drywell.
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5.2 Calculations

5.2.1 Drywell and wetwell atmosphere energy balances

The drywell and wetwell atmosphere energy balance equations are:

d/dt(Udwg) = EPsdw + EPndw + Qrvhl - Qldwg
d/dt(Uspg) = EPssp + EPnsp + Qsspg - Qlspg + Mwork

where

Udwg = total internal energy [(mass) (specific internal energy) |
of all gases in the drywell atmosphere (Btu)

Uspg = total internal energy of gases in the wetwell atmosphere
(Btu),

EPsdw = product of enthalpy and mass flow for all flows of steam
entering or leaving the drywell atmosphere (positive sign
for flow into drywell, negative for out-flow) (Btu/s),

EPssp = same as above but for the wetwell atmosphere (Btu/s),

EPndw = product of enthalpy and mass flow for all N2 flows to or
from the drywell atmosphere (Btu/s),

EPnsp = product of enthalpy and mass flow for all N2 flows to or
from the wetwell atmosphere (Btu/s),

Qrvhl = heat transfer from outer surfaces of reactor vessel and as-
sociated piping (Btu/s),

Qldwg = heat loss from the drywell atmosphere to heat sinks within
the drywell (primarily the 1 1/8 in. thick steel drywell
wlll) ('tul‘)o

Qlspg = same as above for the wetwell atmosphere (Btu/s),

Qsspg = heat transfer from the surface of the suppression pool to
the wetwell atmosphere (Btu/s),

Mwork = work done on the wetwell atmosphere by change in the sup-
pression pool water level (Btu/s).

The enthalpy products include each mass stream to or from the atmo-
sphere. Since perfect gas behavior is assumed for N2 and water vapor,
the specific enthalpy of each is a function only of temperature:

h. = 0,45 T — 4.89
hn = 0.2475 T
where
h, = specific enthalpy of water vapor (3tu/lb),

-=e
"

temperature of water vapor (degrees Rankine),
o = specific enthalpy of nitroger gas (Btu/lb).

=
]

In order to properly interface with other parts of the model, which use
the ASME steam tables, it is necessary to subtract 854.5 Btu/lb from the
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ASME steam table enthalpy before forming the prodact of enthalpy and
mass flow rate for use in the energy balances above. This applies when-
ever steam is released from the primary coolant system to the primary
containment.

5.2.2 Drywell atmosphere heat sources

The drywell heat source term, Qrvhl, consists primarily of heat
transfer from the warm outer surfaces of the reactor vessel and associ-
ated piping. This heat transfer rate is proportional to the difference
between the temperature of the water or steam within the reactor vessel
and the temperature of the drywell atmosphere. A second, trznsient,
term is included in Qrvhl to simulate the heat load (mainly associated
with the recirculation pumps) that lingers after reactor scram:

Qrvhl = UAorv (Tsat - Tgdw) + Qophl
where

UAorv = product of heat transfer coefficient and the area of con-
tact between hot reactor coolant and the cooler drywell
atmosphere (Btu/s °F),

Tsat = temperature of reactor coolant, equal to saturation tem-
perature at reactor vessel pressure (°F),

Tgdw = temperature of drywell atmosphere (°F),

Qophl = transient heat load after reactor scram (Btu/s).

The product of heat transfer coefficient and area, UAorv, in the above
expression is determined primarily by the relatively small effective
conductance through the reactor vessel and piping insulation. Other
conductances such as the exterior surface to air film coefficlent, are
relatively so great that they have practically no effect on the overall
conductance. UAorv is calculated from plant data and/or from detailed
design calculations of the drywell heat loads. The transient operating
heat load is calculated by solving the following equation

d/dt (Qophl) = — (Qophl)/TAUoph:

where TAUophl is tle time constant for decay of the operating heat load.
The initial value for solution of this equation is a code input based on
detailed calculation or operational knowledge. A time constant of 600 s
was assumed for Browns Ferry Unit 1.

5.2.3 Convective and condensation heat transfer
from atmosphere to heat sinks

The | 1/8 in. average thickness steel drywell liner is the major
heat sink in the drywell. The heat loss term, Qldwg, includes all heat
loss from the atmosphere to the drywell liner by natural convection heat
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transfer and by condensation:
Qldwg = (dmdry + Qdmwet

where

Qdmdry = convective heat transfer rate,
Qdmwet = condensation heat transfer rate.

The convective heat transfer rate depends on the temperature difference
between the liner temperature, Tdmet, and the atmosphere temperature
Tgdw:

Qdmdry = Admet 5.3(10)-5 (Tgdw — 'l'dut)o'33 (Tgdw — Tdmet)

where Admet is the heat transfer area of the drywell metal (liner), and
the units of Qdmdry are Btu/s. This equation is based on the following
natural circulation heat transfer correlation:®+!

Nu = 0.13 (Gr pr)0.333

where

Nu = Nusselt number = hL/k
Gry = Grashoff number = p2gB(T —'Ts) L3/u?
Pr = Prandtl number = uCp/k.

and the length parameter, L, cancels. This correlation is good for ver-
tical or nearly vertical surfaces and also for hot horizontal surfaces
facing upward (or cool horizontal surfaces facing downward).

The condensation heat transfer is zero unless the heat sink tem-
perature, Tdaet, is below the dewpoint. When condensation does occur,
the rate is dependent on the relative amount of nitrogen present:5+2

0.707

(dmwet = Admet 0,0185 (Msdwg/Mndwg) (Tdewdw - Tdmet)

where

Msdwg = mass of steam in drywell atmosphere (1b),
Mndwg = mass of N2 in drvwell atmosphere (1b),
Tdewdw = dewpoint of drywell atmosphere (°F).

During ncrmal operation, the drywell coolers constantly remove
moisture from the drywell atmosphere, so that the dewpoint is well below
the atmosphere temperature. The dewpoint temperature is determined from
the steam tebles: it is the saturation temperature evaluated at the
specific volume of the drywell atmosphere steam (Vgdw/Msdwg).
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An energy balance is utilized to solve for the drywell liner tem-
perature, Tdmet:

(d/dt) Tdmet = (Qdmdry + Qdmwet)/Cdmet

where Cdmet equals the mass times the specific heat of the 1-1/8 inch
thick steel drywell liner. There is no heat loss term in the calcula-
tion of drywell liner temperature because the drywell liner is insulated
on the outside; the calculation assumes this insulation stops all heat
loss,

The natural circulation convective heat transfer aand the condensa-
tion heat transfer for the wetwell are calculated in a manner similar to
that explained above for the drywell. The chief heat sink considered
for the wetwell atmosphere is the 3/4-in. thick steel wall of the upper
half of the torus, which is in contact with the atmosphere. The temper-
ature of this steel shell is calculated by integration of the following
energy balance:

(d/dt) Tpmet = (Qpmdry + Qpmwet — Qpgair — Qrpgc)/Cpmet

where

Qpmdry = natural circulation convective heat transfer from wetwell
atmosphere to the torus wall (Btu/s),

(Qpmwet = condensatior heat transfer from wetwell atmosphere to the
torus wall (Btu/s),

Qpgair = natural cfreculation convective heat transfer from the out-
side su' face of the torus to the air of the torus chamber
(Btu/s) .

Qrpge = radiant heat transfer from the torus wall to the concrete
walls of the torus chamber (Btu/s),

Cpmet = product of mass and specific heat of the torus shell
(BtU/.’)o

5.2.4 Torus room temperature

For many accident sequences, the temperature of the concrete torus
room walls does not change; however, for an accident sequence iuch as
the loss of decay heat removal (DHR) accident, the surface temperature
of these walls can increase enough to significantly affect the torus
heat loss. 1In an unmitigated loss of DHR accideat sequence, the surface
temperature of the uninsulated torus can exceed 300°F. The greatest
heat loss from the surface of the torus at this temperature is by radi-
ant heat transfer directly to the 3 ft thick concrete walls (also to the
floor and ceiling) of the torus room. This heat transfer rate is evalu-
ated uliqg an assumed emissivity of 0.9 for both terus and concrete
surfaces:%+ !

Q = SAt(T: - 1’2)/!1/et + (A /A ) (1 /e, ~ 1))
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where
Q, = total radiant heat transfer rate (Btu/s),
§ = Stefan-Boltzman constant \Btu/fts °RY),
A, = surface area of torus (£ft?2),
A, = surface area of concrete (ftz),
T, = surface tewmperature of the torus (°R),
T, = surface temperature of the concrete 'Ry,
e, = surface emissivity of the torus,
e, = surface emissivity of the concrete.

The rate of natural circulation convective heat transfer between the
torus and the torus room air is as follows:

Qc = Ath (Tt —-T‘)

= =5 o 0.33
h = 5.3(10)™5 (T, - T,)

where the units of h are Btu/(ft‘s°F). A similar expression is emplcyed
for calculation of heat transfer between torus room air and torus room
concrete surfaces.

A differential energy equation is solved for each of the following
temperatures: torus surface, torus r¢ - air, and torus room concrete.
The 3 ft thick concrete wa'ls are di... 4 into five parallel, slab~-
geometry, regions to insure accurate computation of the temperature dis-
tribution within the concrete. The surface slab is 1 in. thick, the
adjacent slab 2 in. thick, and so on, with slab thickness increasing
with penetration into the concrete. A typical concrete differential
energy balance is:

thldt = [2 Kc/(Dxicpc)][(Ti-l -'Ti)/(nxi-l + Dxi)
- (T1 —'Ti+l)/(0x1 + oxi*l)l
where
T; = temperature of the i-th concrete slab (°F),
K. = concrete thermal conductivity (Btu/s ft °F),
DXy = thickness of f-th concrete slab (ft),
Cpc = product of specific heat and density of concrete (Btu/lb °F).

The expression feor natural circulation of air from the reactor
building basement corner rooms int;g the torus room and out through
sleeves in the ceiling of the torus room is based on the discussion in
Sect. 5.2.6.3 o. the Browns Ferry FSAR that gives the circulation rate
for a specific set of conditions. In eadapting the circulation rate



70

given by the FSAR to other conditions, it was assumed that the rate of
natural circulation is proportional to the square root of the density

difference (i.e., density of reactor building basement air outside the
torus room vs the density of the air inside the torus room) anc, there-
fore, also proportional to the square root of the temperature differ-
ence. The basement air outside the torus room is assumed to remain
close to 90°F throughout the loss of DHR sequence.

5.2.5 Wetwell atmosphere heat sources

In an accident sequence with M31Vs closed, the pressure suppression
pool is heated as it condenses the steam discharged by the SRV T-quench-
ers. The atmosphere above the hotter pool is heated in two ways: by
natural circulacion convective heat transfer and by evaporation of water
from the surface of the pool. The convective heat transfer coefficient
is calculated by means of the same relation given in Sect. 5.2.3 that is
used for heat transfer from the atmosphere to heat sinks,

Nu = 0.13 (Gry pr)°* %%,

Evaporation of water vapor from the surface of the suppression pool
to the wetwell atmosphere can be the dominating mech.nism for preasuri-
zation of the Jﬂiuary containment during accidents such as the Loss of
DHR sequences.®*? If the pool is slowly heated, evaporation can cause
the containment pressur. to rise fast enough such that the suppression
pool remains subcooled and there is no direct bubble-through of SRV dis-
charge from the T-quenchers to the wetwell atmosp’ere even at elevated
pool temperatures.

The wetwell atmosphere 1. initially a mixture of nitrogen and a
small amount of water vapor, and remains a binary mixture throughout
most of the accident sequences. If the wetwell atmosphere were pure
water vapor, then it would be correct to assume that the partial pres-
sure of water vapor in the wetwell atmosphere is identical to the sat-
uration pressure evaluated at the temperature of the water at the sur-
face of the pool. Since the wetwell atmosphere is a binary mixture,
this assumption is not correct bacause the rate of transfer of water
vapor from the pool is limited by diffusion and convection through the
air.

The relationship used to calculate the rate of evaporation from the
pool is based c. the heat transfer/mass transfer analog discussed in
Chap. 13 of Ref. 5.1:

W= (12.3 APR.)(PV. -~P")h/l’n
where

W = evaporation rate (1b/s),
12.3 = constant of proportionality [lb: °R2/(Btu psia ft3)]
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surface area of pool (ft?),

suppression pool bulk atmoephere mole-fraction-weighted

(i.e. between nitrogen and water vapor) perfect gas constant

[psia ft3/1b, °R)]

P, = vapor pressure (psia) of water, evaluated at the pool sur-
face temperature,

P,a = partial pressure of water vapor in wetwell atmosphere,

Ce'y

P, = average nitroden pressure in the convective boundary layer
(psia),
h = coefficient of natural circulation heat transfer Etetween the
surface of the pool and the pool atmosphere [Btu/(s °F ft?)]
= 5.85 x 1075 (1 - 1,)0-333,
T, = pool surface tegperatute (°F),
T, = wetwell atmosphere temperature (°F).

5.2.6 Drywell coolers

The drywell coolers transfer heat from the drywell atmosphere to
the reactor building closed ccoling water (RBCCW) system. The RBCCW
system pumps water through the inside of the heat exchanger tubes; the
cooler's blowers draw the drywell air (i.e. nitrogen and water vapor)
across the exterior of the tubes. Air-side heat transfer is enhanced by
the many closely spaced parallel copper sheets attached to the outside
of the tubes.

The calculation of heat transfer within the drywell cooliers is sim~
ilar to that for the RHR heat exchangers in that the effectiveness for-
mulation is used; however, an iterative solution is employed because the
heat transfer properties of the air-side are radically altered when the
water vapor fraction becomes significant (after 8 h, or more, into the
loss of DHR accident sequence, for example).

. ¥he equation for counterflow heat exchanger cooling effectiveness*
gL

E=(l -e ¥/ —-cre")

where

Cr = Cain/Chax>
Cpin = smaller of the air-side mass flow times specific heat pro-
duct and RBCCW-side mass flow times specific heat product

{Btu/s °F),

*Heat exchanger effectiveress is defined as the ratio of the actual
heat transfer rate to the rate that would be obtained if the heat ex-
changer surface were unlimited.
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= larger of the air-side and RBCCW-side mass flow times
specific heat products (Btu/s °F),

X = (l e Cr)UA/C-in,

UA = product of overall air-to-water heat transfer coefficient

and effective heat transfer area (Btu/s °F).

Cnax

The iteration proceeds as follows:

l. A value of air-side C, is assumed (mass flow * specific heat),

2. E is calculated, along with the resulting heat transfer rate, air-
side AT, and air-side exit temperature,

3. The air-side condensation rate is then calculated from the results
of step 2, combined with the known saturation pressure of steam as
a function of temperature (i.e. the air siie exit temperature
determines the maximum concentration of water that can exit as
vapor and the rest must condense),

4. The condensation rate is then divided by the heat of vaporization
and used to calculate the total heat transfer rate (latent +
sensible), and a corrected value for Ca»

Cl

By %T , is calculated.

5. If €3 = C4 , the iteration is terminated. If not, then steps |
through 4 are repeated until convergence is achieved.

Major assumptions of the drywell cooler model include:

l. constant volumetric flow maintained by the drywell cooler blowers,

2. constant RBCCW system inlet temperature and flow,

3. constant overall air-to-RBCCW heat transfer coefficient * effective
heat transfer area.

Input parameters for the drywell coolers include the setpoints for
automatic trip of the blowers that occurs upon coincident high drywell
pressure and low reacter vessel pressure if a loss of off-site power has
occurred. This trip is a part of the automatic load shedding that fol-
lows a core spray initiation when the emergency diesels are providing
power. The operator may restart the blowers unless off-site power is
not available.

5.2.7 Calculation of drywell and wetwell atmosphere
pressures and temperatures

By integration of the mass and energy balance equations discussed
in the previous sections, the component masses and the total internal
energies are known, and therefore the specific internal energy of the
mixture is uniquely determined:

u = UM/M
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where

u = specific internal energy of the atmosphere mixture (Btu/lb),
UM = total internal energy of the atmosphere (Btu),
M = total mass of the atmosphere (steam + N2) (1b).

Since for ideal gases, the internal energy is a function of temperature
only, the temperature of the mixture can be calculated by solving the
following equation:

u = us(T) Hs/H - un(T) Hn/M

where

u = the known specific internal energy of the atmosphere mix-
ture (Btu/lb),
ug(T) = internal energy of steam as a function of temperature
(Btu/1b),
= mass of steam in the atmosphere (ib),
internal energy of N2 as a function of the temperature
(Btu/1b),
M, = mass of N2 in the atmosphere (1b).

M
un(T’

Having calculated mixture temperature, the partial pressure of each
component can now be calculated:

P & (Hn/V)RnT
P = (Hs/v)RsT

Pt = Pn + P‘

where

partial pressure of N2,

mass of nitrogen,

total free volume of the compartment,
ideal gas constant for N2,

partial pressure of steam,

mass of steam,

ideal gas constant for steam,

total pressure of the atmosphere.

ﬂ.‘ﬂwﬂzﬂ'vf <dz='°
LI O B B I I

The atmosphere pressure and temperature calculations are done inde-
pendently for the drywell and wetwell atmospheres.
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5.3 Pressure Suppression Pool (PSP)
Mass and Ene;gl=3alances

Mass and ene.gy balances are solved for a single-region control
volume, resulting in the calculation of the PSP water level and a single
average water temperature for the whole PSP, If it is desired to calcu-
late the top-to-bottom or the circumferential temperature distributions
in the PSP, it is possible to replace this single-region model with a
much more detailed one developed at ORNL.%+“ The single-region model is
described below. The mass balance equation for the PSP is:

(d/dt) M = Fq(Hnov + Wste) + Wc — Ws — We + Wsdwsp (1 — Fnq)

where

M = total mass of PSP water (lb),
F, = fraction of the SRV or steam turbine exhaust that is
condensed in the PSP (the non-condensed part would
bubble up into the wetwell atmosphere),
Wssv = SRV discharge flow to PSP (1lb/s),
Wste = HPCI or RCIC steam turbine discharge to P3P (1b/s),
We = rate of steam conduensatica in the wetwell atmosphere
(1b/.)o
Ws = total flow to suction of pumping systems other than
pool cooling (e.g. Core Spray, LPCI, or HPCI if the
suction shift has occurred — the water circulation
provided by the pool cooling mode of the RHR system is
assumed to effect no net mass transfer) (1b/s),
We = rate of evaporation from the suppression pool surface
into the wetwell atmosphere (1b/s),
Wsdwsp,Fnq = defined in Section 5.1.1.

The condensation of steam from SRV exhaust or from the HPCI and
RCIC turbine exhausts is assumed to be complete (i.e. Fq = 1.0) if the
saturation temperature evaluated at the quenching depth’ (i.e. Tsat at
wetwell atmosphere pressure plus hydrostatic pressure equivalent to the
height of water above the quencher) is at least 10°F greater than bulk
pool temperature (input parameter TSQUEN, Table A-4); there is no con-
densation (F, = 0.0) if the bulk pool temperature exceeds saturation
temperature. Fetween these limits, ., is linearly ramped from 1.0 to
0.0 as subcooling decreases from 10.0 %o 0.0°F. This treatment is con-
sidered to be a reasonable approximation for the expected performance of
the currently installed "T-quencher” quenching devices. The T-quenchers
are ccnstructed with many small holes to promote stable condensation and
prevent the condensation oscillations that could occur with the formerly
employed "rams head” quenchers. A more detailed discussion of the
physics of condensation is provided in Ref. 5.4.
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The PSP energy balance is:

d/dt(MH) = Pq[Hltv (hst) + Wste (hste)] + Hc(hf)

where
MH

hst
hste
hg

hpsp

hg

hsdw

— hpsp (Ws) — We (hg) + hsdw (Wsdwsp) (1 — Fnq)

product of total mass and enthalpy for PSP water (for water
h~u, so this is also total internal energy) (Btu),

enchalpy of steam discharged by the SRVs (Btu/lb),

enthalpy of steam discharged by the steam turbines (Btu/1b),
saturated fluid enthalpy evaluated at PSP atmosphere temper-
ature (Btu/lb),

enthalpy of PSP water (Btu/lb),

saturated dry steam enthalpy evaluated at PSP temperature
(Btu/1b),

enthalpy of steam (Btu/lb) evaluated at drywell atmosphere
temperature.

Having integrated the mass and energy balances, the program next

calculates the pool temperature, T

 §
psp

psp’ from the specific enthalpy

= (MH/M) + 32 .

The PSP water level is a function of total water volume:

L
sp

where

=f [M/p(T)]

f[ | = water level as function of volume
M = PSP water mass
p(T) = PSP water density as a function of water temperature.



5.1

5.2

5.3

S.k

76
REFERENCES FOR CHAPTER 5

Frank Kreith, Principles of Heat Transfer, International Textbook
Company, Scranton, Pennsylvania (January 1966).

R. 0. Wooton and H. I. Avci, MARCH Code Description and Users
Manual, NUREG/CR-1711, BMI-2064 (October 1980).

D. H, Cook et al., Loes of DHR Sequences at Browns Ferry Unit One -
Accident Sequence Analysis, NUREG/CR-2973, ORNL/TM-8532 (May 1983).

D. '. Cook, Pressure Suppression Pool Thermal Mixing, NUREG/CR-
3471, ORNL/TM-8906 (October 1984),



77

ORNL-DWG 84-6041R ETD

REACTOR VESSEL
DRYWELL

MAIN STEAM LINE
RECIRCULATION

FEEDWATER LINE

SRV

VENT PIPE

TORUS OR
WETWELL

DOWNCOMER

CONCRETE FLOOR
OF DRYWELL

SUPPRESSION
PO0L
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6. CONTROL ROOM INSTRUMENTATION

In general, the response of control room instrumentation is not
simulated in BWR-LTAS, However, due to the relative importance of the
indicated reactor vessel water level in determining the actions that the
operator might take, it was decided to simulate the response of the two
most safety-related water level instruments., The calculated instrument
responses are used within the code where appropriate for the automatic
or manual control of injection systems and SRVs. The simulation calcu~-
lates the effect of drywell temperature and of reactor coolant tempera-
ture on the indicated water level.

There are two vessel water level instruments considered in this
report: the Emergency Systems range indicator and the Post-Accident
Flooding range indicator. Their ranges in relation to the Browns Ferry
reactor vessel and internals are shown on Fig. 6.1. Zero on the Emer-
gency Systems range corresponds to the bottom of the dryer skirt, 528
inches above vessel zern., Zero on the Post-Accident Flooding range cor-
responds to the top of the active fuel in the core, 360 inches above
vessel zero. Both of these instruments measure the collapsed water
level in the downcomer annulus of the reactor vessel.

The Emergency Systems indication covers the range from above normal
water level down to about 1 ft above the top of active fuel (TAF). This
indication is calibrated to read correctly when the reactor coolant is
hot and at full pressure. The Yarway system of reierence leg compensa-
tion minimizes the error when the reactor coolant is cooled to below op-
erating temperature. The variable leg is outside the reactor vessel and
is clamped physically and thermally to che reference leg (see Fig. 6.2).
Steam from the reactor vessel condenses in the constant head condensing
chamber and circulates back to the reactor vessel through the variable
leg, transferring enough heat to maintain the referonce leg temperature
about 50%Z of the way between the drywell air temperature and the reactor
coolant temperature.

The Post-Accident Flooding range indicator covers the range from
100 in. below the TAF to 200 in. above the TAF. The indication is cali-
brated to read correctly when the reactor vessel is depressurized and
the reactor coolant is at about 212°F, The variable leg is inside the
reactor vessel (it is the vessel downcomer annulus), and the reference
leg is not heated (see Fig. 6.3). The reference leg temperature will
therefore remain close to the temperature of the drywell atmosphere.

Both of the level indication systems under consideration here con-
sist of a AP sensing element, an electronic circuit to transform the
AP signal to a level signal, and an indicating meter. The AP element
measures the difference between the pressure at the bottom of the ref-
erence leg and the pressure at the bottom of the variable leg. The
reference leg is (or should be) always water-filled*; the amount of
water and/or steam in the variable leg depends on the actual water level
inside the vessel downcomer.

*During rapid reactor vessel depressurization the heated reference
leg of the Yarway instrument can flash, causing a temporary full-to-the-
top level indication. This effect is not simulated in BWR-LTAS.
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The potential for error addressed here is in the circuitry that
transforms the pressure difference into a water level. This circuitry
is designed to always give the same level indication for the same mea-
sured pressure difference. Suppose that the vessel water level
stays the same, but that the density of the water either in the refer-
ence leg or in the variable leg changes; the measured pressure differ-
ence would change and thus the indicated water level would change when ,
in fact, there was no change in actual water level.

The following equations are used to compute the effect on indicated
level of reference leg or variable leg conditions that differ from cali-
bration conditions:

* * .
Lind = Llnx - (AP — APt)(ALi)/(APb —-APt)

where,

Lind = indicated height of water in the downcomer annulus (ft),
L = height of the upper end of the indication range (ft),

AP = measured pressure difference (psi),

AP, = pressure difference that would be measured at calibration
conditions if the vessel water level were at the top end of
the indication range (psi),

AL, = length of the indication range (ft), and

APb = pressure difference that would be measured at calibration
conditions if the reactor vessel water level were at the
bottom end of the indication range (ft).

The measured AP is a function of the actual vessel water level and
the reference leg and variable leg water densities:

AP = (AL)pr -(AL!)pl - (AL —-AL,.)pg

where

AL = distance between the upper and lower AP taps,
p_= water density of the reference leg,
AL, = reactor vessel downcomer liquid level above the lower AP
tap,
Py = density of variable leg water (i.e., reactor coolant in the
downcomer annulus),
p_ = density of the reactor vessel steam.

The calculation makes the assumption that Py is equal to the density of
saturated fluid evaluated at reactor vessel pressure. The steam density
is set equal to the density of dry saturated vapor at vessel pressure.
The reference leg density is evaluated at reference leg temperature T,
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and vessel pressure:

by ® ot(Tr, Pv)

where

0.4 Tg.e + 0.6 T4y for the Emergency System range,
Tqw for the Post-Accident Monitoring range,
reactor vessel pressure,

saturation temperature at Py, and

drywell atmosphere temperature.

:

sat
Tdv

The remaining terms in the expression for Lind are given by the follow-
ing

* * *
APt » ALi (pl‘ — pz)

8By = 8Ly (9p — pg)

These expressions (programmed into the current version of BWR-LTAS)
imply the assumption that the indiction range is the same as the dis-
tance between the AP taps. If this were not the case, then a slightly
more complicated expression (obtained by substituting the appropriate
dimensions and densities into the expression for AP given on the pre-
vious page) would have to be used.

For the Emergency 3ystems level indication, the reference leg cali-
bration density, Prs 18 evaluated at 290°F and P and Dg are evaluated
at a 1000 psia saturation condition.

For the Post-Accident Monitoring level indication, the reference
leg calibration density, Pr » 1s evaluated at 135°F, and Py and pg are
evaluated at a 14.7 psia saturation condition.
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7. CALCULATION OF REACTOR POWER FOR
MSIV-CLOSURE-INITIATED ATWS SEQUENCES

This chapter provides details of modifications to the BWR-LTAS code
made specifically for the ATWS study. The models used in BWR-LTAS to
calculate core voiding and fission power are considerably simplified in
comparison to the detailed, first principles models used in codes such
as RAMONA, RELAP, or TRAC, To assess what differences might exist be-
tween results predicted by BWR-LTAS and the more complex codes, a com-
parison 1is presented in Appendix A of the ORNL SASA study of BWR ATWS
(NUREG/CR-3470). The comparison is made between RELAP5 results (pro-
vided by the SASA team at INEL) and BWR-LACP results for the same test
ATWS transient. In general, BWR-LACP is shown to be a very useful scop-
ing tool for ATWS analyses, but it is the opinion of the authors that
any major findings derived from BWR-LTAS results should be confirmed by
calculations using the more sophisticated codes, i.e., TRAC, RELAP, or
RAMONA, as applicable,

The models described in this chapter are active only when the user
specifically selects the ATWS option.

7.1 Point Kinetics

In an ATWS accident, the reactor power is the sum of decay heat
power plus fission power. The fission power is a transient function of
the reactivity of the core; decay heat power is a function of the
elapsed time since the attempted but unsuccessful reactor shutdown.
Whenever the negative reactivity insertion brings the core subcritical,
the total power in BWR-LACP is set equal to the decay heat power as soon
as the calculated fission power is negligible.

The decay heat function is calculated in accordance with the ANS
5.1-1979 standard decay heat curve (with actini‘des). This calculation
for decay heat is exactly correct only for the case of a full successful
scram; however, it is a reasonable approximation for most of the ATWS
studies because reactor power is quickly reduced to low levels by recir-
culation pump trip, reduction in reactor vessel injection, and the ef-
fect of operator actions.

where

Pqk = decay heat power (fraction of full power),
t = elapsed time since the scram or accident initiation (s),
P, = initial reactor power (=100% for all cases).

The prompt-jump approximation tc the point kinetics prompt neutron
balance and the six delayed neutron equations are solved for fission
power. These equations can be fcund in any nuclear analysis textbook
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and are not discussed here. The code input for delayed neutron proper-
ties is listed on Table 7.1. These parameters are embedded in data
statements in function subprogram "PK" in the BWR-LTAS code. Four
sources of reactivity are considered: fuel temperature change (via
doppler coefficient), coolant void fraction change (via void coeffi-
cient), control rod insertion, and boration of reactor coolant. Each of
these sources of reactivity is discussed in the following subsections.

7.1.1 Fuel temperature and reactivity feedback

A single average fuel temperature is calculated by solving the fol-
lowing equation

dT¢
:’—- 108 Py - .1624 (Tg - Tgae)
t

where

T¢ = volumetric average fuel temperature (°F),
Py » fission plus decay heat power (fraction of full power),
Tgap = saturation temperature (°F), of the coolant in the core.

The numerical coefficients in the above equation take into account the
fuel heat capacity and the average fuel-to-coolant heat transfer coeffi-
cient.* The coefficient of P, is the thermal equivalent of full power,
divided by the fuel heat capacity. The coefficient of (Tg - Tgat) is
the effective heat transfer coefficient between the volumetric average
fuel temperatur: and the coolant average temperature, divided by the
fuel heat capacitv.

The net reactivity due to a change in average fuel temperature is a
function of the doppler coefficient which is corrected for change in
coolant void fraction:

Apd = (Tf-— 1210) a (Do + D1V)

where

Aod = the change in total doppler reactivity (Ak/k),
T¢ = average fuel temperature (°F),

*See Sectioa 3 of Browns Ferry FSAR for fuel weights, steady state
volumetric average temperatures, and average heat flux., A value of

% Btu/lb F was used for UO2 specific heat (Nuclear Engineering
Handbook, H. Etherington, Editor).
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1210 = average fuel temperature (°F) at full power,
a = doppler corefficient
= =1.58(10)° (Ak/k/°F),
D, = doppler correction factor with 0OZ core average void
- .83,
D, = rate of change of doppler coefficient with core average

void (4a/X)
4.4(10)73,
V = core coolant average % void (=38% at full power).

Numerical values given above for the doppler coefficient, including the
effect of coolant void fraction, are from to the Browns Ferry FSAR,
Figs. 3.6-5 and 3.6-6. The doppler coefficient, above, includes a
weighting factor of 1.33, as recommeuded by NFDJ)-20964. This 1.33 fac-
tor accounts for the greater temperature changes in the more important
parts of the fuel,

If the reactor is brought from full power to hot shutdown at 1000
psia, the fuel, on average, cools by about 660°F since the fuel tempera-
ture is very close to the coolant saturation temperature at hot shut-
down. By the above formula, a negative reactivity of 0.00865 Ak/k would
have to be added to compensate for the increased reactivity of the cool-
er fuel.

7.1.2 Void reactivity

The calculation of void reactivity is based on the average void
fraction in the average channel. As explained in Sect. 7.2, the void
fraction is calculated at 1 ft axial intervals up the average chanmel.
The calculation of average void fraction weights the void in each 1 ft
section with the square of the normalized axial power distribution over
that section. Table 7.2 gives the axial power distribution used for the
weighting. The use of flux squared weighting accounts for the greater
reactivity of a given void when it is in a higher worth axial location.

The equation for void reactivity change accounts for the change in
vold reactivity coefficient with void fraction (void coefficient becomes
move negative as void increases):

8p, = C (V= Vigg) + C1(V2 = V§gq)/2

where

Apv = the change in total void reactivity (Ak/k),

V = average void fraction (%),
V100 = average void fraction at 100Z power (%)
- 38:.
Co = vold coefficient with no voids present (Ak/k/2)
-l
- -503(10) »
Cl = derivative of void coefficient with respect to void
(8k/k/(%)?)

-.1138(10)7",
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As the reactor is brought from full power to hot shutdown, the core
average void changes from 382 to OX. By the above formula, & negative
reactivity of 0.0283 Ak/k would have to be added to compensate for the
increased reactivity of the core without any voids. By adding this void
reactivity change to the doppler reactivity change (see subsection
7.1.1), one can estimate that a total negative reactivity of 0.0369
would bring the reactor from full power to hot shutdown. This estimate
does not consider the relatively slowly changing xenon reactivity which
would, during the first 8 h after accident initiation, help to shut
down the reactor. In a period of only one or two hours, che buildup of
xenon would not provide a substantial “raction of the reactivity re-
quired to reach hot shutdown. Therefore, in the relatively short-term
ATWS transients examined by BWR-LTAS, either the control rods or coolant
boration must supply a negative reactivity of at least 0.0369 Ak/k to
bring the reactor to hot shutdown.

7.1.3. Control rod reactivity

The reactivity due to manual control rod insertion in an ATWS acci-
dent would be a function not only of the physics and configuration of
the reactor core, but also would depend on the reactor operators. Exer-
cises conducted at the TVA Browns Ferry simulator showed that the pro-
clivity of operators to perform all the manipulations necessary to main-
tain continuous control rod insertion during an ATWS would depend
heavily on characteristics of the individual operator. Since constant
attention is required to maintain continuous control rod insertiom, it
is assumed here that an operator could easily be diverted from the
manual rod insertion task 50% of the time. Therefore, the reactivity
insertion rate is based on an effective average control rod speed of 1.5
in./s instead of the nominal rod speed of 3.0 in./s. The assumption of
faster sustained control rod insertion can not be assumed at present
because the training of operators to the EPG procedures for ATWS is
still in an early stage.

t; = 144 in./1.5 in./s = 96 s

where

ty = time consumed for each rod inserted (s),
144 in., = distance traveled by rod for full core insertion.

Section 3.6.5.6 of the Browns Ferry FSAR explains that a control
rod worth of 1073 Ak/k would be very weak. Using this to represent

average rod worth, the rate of reactivity addition during periods of
manual rod insertion would be

b = -10 (ak/k)/ty = —10"° Ak/k/s
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where ¢ 1s the average rate of reactivity insertion after the initiation
of manual rod insertion.

7.1.4 Boron concentration and reactivity

The boron concentration in the reactor coolant depends on the rate
at which the sodium pentaborate solution is pumped into the reactor ves-
sel, the total volume of coolant in the reactor vessel, and the mixing
of the boron solution within the reactor coolant. It is stated in the
lesson plan for the Standby Liquid Control System provided in Volume 4
of the Browns Ferry Hot License Training Manual that there is 990 1b of
boron in a volume of 4550 gal in the SLCS storage tank, and that, upon
SLCS actuation, this solution is pumped into the reactor vessel at a
rate of 50 gpm. Therefore, the rate of injection of boron into the
reactor vessel is:

.99 1b B 50 gal 1 min _
“binj " 7350 gal “win ~ G0 s - O-181 1b B/s .

If the boron mixes perfectly within the reactor vessel, the boron con-
centration after SLC initiation is

C

p = t;(0.181 1b B/s)/V,

where
Cp = boron concentration (1b B/ft3),

t; = elapeed time since SLCS initiation (s),
Ve total volume of water within the reactor vessel (ft3).

According to TVA operations analysis engineers, a boron fraction in
the coolant of 320 ppm would bring the reactor from full power to hot
shutdown. Using a coolant volume of 14785 ft3 at the normal reactor
water level of 561 in., the mass of boron within the reactor vessel
would be:

45.4 1b Hy0 320 1b B
M = 14785 fed = 215 1b B.
fe3 10° 1b Hy0

Therefore, with perfect mixing, hot shutdown could be reached after only
19.8 min of SLC injection at 50 gim.

When the Browns Ferry specific EPGs are written, they will probably
reflect a slightly more conservative hot shutdown mass of 265 1bs B,
based on a boron fraction of 395 ppm boron in reactor coolant required
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to reach hot shutdown with a margin of 0.02 Ak/k. The corresponding
SLCS injection time would be 24.4 min.

For ATWS transients with boron injection, it is necessary to calcu-
late the boron reactivity at each instant during the transient. The
method used for this is based on the TVA estimate of the hot shutdown
ppm boration requirement and the boron mixing information presented in
the GE BWR owners group report "Power Suppression and Boron Remixing
Mechanism for General Electric Boiling Water Reactor Emergency Proce-
dures,” DAC 261, NEDC-22166, August 1983 (prepared by L. Chu).

Boron concentration is calculated for two subvolumes within the re-
actor vessel: (1) the volume of coolant at the bottom of the vessel
lower plenum, and (2) all other coolant within the vessel. As explained
in NEDC-22166, if the core inlet flow is less than 5% of its full power
value, 100%Z of the injected boron solution sinks into the bottom of the
lower plenum (i.e., the initial mixing efficiency is 0%Z). At 25% flow,
the initial mixing efficiency climbs to 75% and it is 100Z at full flow.
The residence time of the heavier boron solution in the lower plenum is
also dependent on the reactor coolant flow. If primary coolant flow is
4% or less, the residence time is infinite but when primary coolant flow
is above about 15%, the residence time is only about 22 s. In the BWR-
LACP model, the mass of boron in each of the two control volumes is cal-
culated using the following set of equations

Suptfoe = (1 =~ B Wt ~ %1/ T

d(Hbg)/dt = Ein"binj o Mblp/Trn

where

Hblp = mass of boron stratified in the bottom of the lower plenum
(1b),

Hbg = mass of boron in general circulation, in the balance of the
coolant (1b),

Ejp = initial mixing efficiency (1b B mix/lb B injected),

Ty = residence time(s) of stratified boron in the bottom of the
lower p'enum.

The concentration of boron in general circulation, also assumed to
be the boron concentration of the coolant in the core, is

cbg = Mbg/vt
where

Cpg = boron concentration (1b/§t3) in reactor coolant,
: ® total coolant volume (ft”) in the vessel.
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The net boron reactivity is then

% = et o’ Cuins
where

p, = total boron reactivity,

= total reactivity that must be supplied to reach hot shut-
down

-0.0369 &k/k (per Sect. 7.1.2),

Chhsq = boron concentration corresponding to the TVA estimate of
320 ppm B required to reach hot shutdown

0.0145 1b B/ft3,

r+2. Calculation of Core Void Fraction

The ATWS routine in BWR-LTAS calculates the void fraction profile
at | ft intervals over the length of an average fuel assembly channel.
Each time the void fraction routine is called, it is given the core
thermal power, the vessel pressure, the and downcomer water level and
enthalpy. The core inlet flow must also be known to allow calculation
of the core void profile. The void fraction routine calculates the core
inlet flowv by means of an iterative procedure that assumes steady-state
thermohydraulic conditions over each time step.

At the beginning of the iteration, a primary coolant flow is as-
sumed and the core void profile of the average channel is calculated at
I ft intervals from the inlet to the outlet. Since the core is 12 ft
long, this amounts to 13 node points. The average channel is a repre-
sentative fuel assembly (ome of a total of 764) that is assumed to gen-
erate (1/764)-th of the total core thermal power and to receive the same
fraction of the total core inlet flow. The axial power distribution as-
sumed for the average channel is specified by Table 7.2.

The conservation of energy is applied across each 1 ft axial seg-
ment to calculate the steam generation rate., If the bulk coolant tem-
perature 1s below saturati-n, a void fraction of zero is assigned.
After the coolant reaches saturation, the void fraction 1is calculated
from the steam and water fluss by the drift flux equations:

Vo= Jg/(Cod + Vgy)

J8 = xc/og

J = Glxlpg + (1 =X)/pg]

where

G = mass flux,
V = void fraction,
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steam mass velocity,
concentration parameter = 1,0,

= total mass velocity,

V,. = drift velocity = 1.0 ft/s,
= flow quality (steam flow/total flow),
= gaturated vapor densityv,

D% = gsaturated fluid density.

The values used for the C_ and V,; parameters were taken from the report
"BWR Low Flow Bundle Uncovery ¥ st and Analysis,” NUREG/CR-2232, EPRI
NP-1781, GEAP-24964, by D. S. Seeley and R. Muralidharan (April 1962).

After the core voild profile is calculated, the unrecoverable pres-
sure drops around the primary coolant loop are calculated. These unre-
coverable losses include friction and/or form losses in the average
channel unheated and heated porticne, core outlet plenum, standpipes,
steam separators, and jet pumps. The equations used to calculate these
losses, and typical coefficients for each lose term, were taken from the
EPRI report, "NATBWR; A Steady-State Model for Natural Circulation in
Boiling Water Reactors,” EPRI NP-2856-CCM, by J. M. Healzer and D.
Abdollahian, S, Levi, Inc. (February 1983).

The only major difference between the natural circulation calcula-
tions in NATBWR and BWR-LTAS is that the natural circalation through the
core bypass path (mainly the interstitial region between fuel assemblies
into which the control rods insert) is neglected in BWR-LTAS. At full
power conditions, about 10%Z of the core inlet flow bypasses the active
fuel, flows up through the bypass paths, and rejoins the main flow in
the core outlet plenum. Under natural circulation conditions, the di-
rection of bypass flow can reverse, with coolant from the core outlet
plenum flowing downward through the bypass paths to join with the major-
ity of the core flow into the active fuel. The core bypass flow path
was left out of BWR-LTAS because it was felt that its relatively high
flow resistance would limit the bypass flow to a small fraction of the
total natural circulation flow. If this circulation path were included
in BWR-LTAS, the additional core flow under conditions of low vessel
water level (i.e., downcomer water level near the top of the active
fuel) would decrease the in-core coolant voiding and therefore lead to
the prediction of higher core power. The effect would be negligible for
a normal vessel water level (i.e., 12 to 18 ft above the top of active
fuel) because the change in core flow would be small compared to the al-
ready substantial natural circulation.

Elevation pressure drops (gains) around the reactor vessel primary
coolant natural circulation flow path are also calculated after the void
fractions are calculated. At the end of each iteration, the net eleva-
tion head (elevation pressure increases minus drops) around the loop is
compared to the total unrecoverable losses around the loop. The value
of flow for use in the next iteration is determined by the formula:

=
"old V&P, /4P "

utew te tu
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where

W = total natural circulation flow to be used on the next
iteration,

W14 = current iteration value of flow,

AP = net elevation pressure gain around the loop in the direc-

tion of natural circulationm,

Aptul = total unrecoverable pressure losses around the natural cir-
culation loop.

If the new flow iteration is within 0.5% of the current flow iteration,
further iter.tion 1is unnecessary and control is returned to the main

program.
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Table 7.1 Neutron kinetics data?

Delayed Decay
Neutron Fraction Constant
Group (s71)

1 0.207(¢10)~3 0.0127
2 0.1163(10)~2 0.0317
3 0.1027(10)~2 0.115
4 0.222(10)™2 0.311
5 0.699(10)~3 1.4

6 0.142(10)73 3.87

%From "RAMONA Analysis of the
Peach Bottom-2 Turbine Trip Transi-
ents,” by Scandpower, Inc., EPRI
Report No. NP-1869, June 1981

Table 7.2 Assumed? full
power steady state axial
power distribution

Distance
from bottom
°f;ﬂff" Relative
(Fraction Sm—
of active
fuel length)
0.0000 9.61
0.0833 1.04
0.1666 1.16
0.2500 1.19
0.3333 1.16
0.4166 1.11
0.5000 1.09
0.5833 1.07
0.6666 1.05
0.7500 1.03
0.8333 0.92
0.9166 0.72
1.0000 0.33

aAppltcnblc to end-
of-cycle, equilibrium
xenon full power opera-
tion,
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8. SOLUTION OF SYSTEM EQUATIONS

The solution of the system equations is based on the straight-
forward solution of simple Euler steps. Once during each 0.5 s time
step, the derivative is calculated for each variable whose value deperds
on the solution of a differential equation. The time step size is fixed
and may not be changed by the user. The change in each such variable is
the product of the time step size times the derivative, and the variable

is updated each time step:
= *
xt+0_5 xt + (0.5 8) (dx/dt)t

Since the computer time used by the program is nnt excessive, no
attempt has been made to improve upon this scheme.
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9. COMPARISON TO RESULTS OF OTHER CODES

BWR-LTAS is a FORTRAN language version of its simulation language-
based progenitor, BWR-LACP. Throughout the task of converting from
simulation language to FORTRAN, there were no changes to the mathemati-
cal models employed to simulate the plant or plant systems, and frequent
checks were made to assure that the conversion to FORTRAN did not change
calculational results. Therefore, code comparison and other verifica-
tion activities conducted over the four-year period of development and
use of BWR-LACP are applicable to BWR-LTAS,

The use of BWR-LACP by the ORNL SASA program for detailed study of
five severe accident sequences (see Chapter 1 for more historical de-
tail) constituted a period of extensive use and testing. Various veri-
fication activities were pursued to establish the validity of conclu-
sions based on BWR-LACP results. Comparison to hand calculations,
results published in the Browns Ferry FSAR, data obtained at the Browns
Ferry training simulator, and RELAP calculations have all proven useful
in this respect. Experimental data has been unavailable for the long,
drawn-out, beyond-design-basis accidents typically studied with BWR-
LACP. The most powerful means for validation of BWR-LACP results has
been that of comparison to RELAP calculations performed at INEL for the
SASA program. Such comparisons were performed and documented for three
of the accident sequences: Station Blackout (Ref. 9.1), Small Break
LOCA Outside Primary Containment (Ref. 9.2), and ATWS (Ref. 9.3). The
comparison cases were run with either identical or similar input as-
sumptions. The closeness of comparison has ranged from surprisingly
good to only approximate. 1In &all cases, both codes predicted the same
basic sequence of events. It must be kept in mind that the BWR-LACP
code is intended to be a scoping tool and therefore is not required to
match the RELAP results to an extremely close tolerance. The results of
each comparison are summarized below.

For the Station Blackout investigation, a boil-off transient was
selected for comparison of RELAP-IV and BWR-LACP predictions, This com-
parison 1s discussed in detail in Chapter 4 of Ref. 9.1. The RELAP-
4/MOD7 calculation started at nominal full power plant conditions. Dur-
ing the first several seconds, the reactor tripped and the main steam
isolation valves closed. Initially, several SRVs were requi.ed to con-
trol vessel pressure, but after about 40 seconds, one SRV was suffic-
ient., Injection flow was zero throughout. The BWR-LACP calculation was
initialized at 30 seconds because it waer, at that time, programmed only
for decay heat operation. The steam/water level above the core was cal-
culated by each code. Results for vessel water level are very similar,
with RELAP predicting an elapsed time of 33 minutes and BWR-LACP pre-
dicting 30 minutes prior to the initial uncovering of active fuel., Re-
sults for reactor vessel pressure control are similar although RELAP
predicts a longer SRV cycle (about 60 s) than BWR-~LACP (about 38 s).

For the small break LOCA outside containment investigation, a small
break accid:nt without operator action was selected for comparison of
RELAP-5 and BWR-LACP results. The comparison is discussed in detail in
Appendix G of Ref. 9.2. The essential features of this accident se-
quence, as predicted by BWR-LACP, include a gradual downward trend in
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vessel pressure that is overshadowed by the wide swings in pressure
associated with automatic HPCI actuation cycles. After about four
hours, the vessel pressure dips low enough to allow the condensate
booster pumps to inject from the main condenser hotwell. Without oper-
ator control, the booster pumps quickly flood the reactor vessel and
main steam lines out to the main steam isolation valves and continue to
pump with the vessel pressurized almost to the pump shutoff head. Fail-
ure of all vessel water injection occurs when the hotwell becomes ex-
hausted at five hours (water in the steamlines prevents further success-
ful automatic HPCI operation, and all of the necessary conditions for
automatic LPECCS actuations are not met). The five hour RELAP-5/MOD1-
(Cycle 13) calculation verifies this behavior in every respect, includ-
ing both the gradual and the short-term vessel pressure swings, and the
timing and mode of the eventual failure of vessel water injection.

For the ATWS investigation, the comparison to RELAP results was
done for an MSIV-closure-initiated ATWS accident. Operator actions to
reduce the power level by reducing the reactor vessel water level and to
depressurize the reactor vessel were allowed, but operator action to
initiate the injection of sodium pentaborate solution and to manually
drive in the control rods was assumed not to take place. The comparison
is discussed in detail in Appendix A of Ref. 9.3.

Essential features predicted by BWR-LACP for this accident include
the successful reactor power reduction by lowering of the vessel water
level, followed by a fairly smooth depressurization of the reactor ves-
sel (from about 1000 psia to about 100 psia); however, even with oper-
ator pressure/level control, BWR-LACP predicted spontanecgus repressuriz-
ation of the reactor vessel accompanied by power excursions.

The RELAP-5/MOD 1.6 run verified the essential features of this
accident sequence, but with a slower time scale for most of the major
events. For example, the RELAP calculation predicts that the first
power excursion after depressurization would occur after 40 min instead
of after 24 min. The difference 7. timing is due to the lower power
levels calculated by RELAP after completion of the vessel water level
reduction maneuver. Differences between RELAP and BWR-LACP in the pre-
diction of this power level are acceptable because of the consigerable
uncertainty in the current knowledge of what the actual power level
would be.

The RELAP/BWR-LACP comparisons have validated the use of BWR-LACP
as a scoping tool to establish the essential features of BWR accident
sequences. The quantitative differences noted above show that BWR-LACP
is a complement to, and not a replacement for, sophisticated codes such
as RELAP, Major new finding. obtained by use of BWR-LACP should in the
future continue to be validated by comparison to applicable results cal-
culated by another code such as RELAP,
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Appendix A

REACTOR VESSEL AND PRIMARY CONTAINMENT
INPUT PARAMETERS

As discussed in Chapt. 1, BWR-LTAS is intended to be used for in-
vestigation of accident sequences on a shutdown BWR 4 with Mark I con-
tainment (Browns Ferry style BWR), up to but not including permanent
core uncovery and/or severe fuel damage. Accident sequences to which
BWR-LTAS has been applied are discussed in Chapt. 1. For all of these
accidents except ATWS, the reactor is scrammed and the MSIVs are shut.
For the ATWS accident the MSIVs are shut but the reactor is not
scrammed .

Tables A.l through A.6 list input data requirements for the simula-
tion of reactor vessel and primary containment. Tables A.l and A.3 con-
tain parameters that may need to be changed for each run, whereas Tables
A.2 and A.4 contain parameters that will be chauged less frequently.
Table A.5 lists input parameters for the calculation of drywell cooler
operation, Table A.6 lists parameters necessary for the simulation of
reactor vessel pressure control via the SRVs. Tables 2.1 through 2.5
l1ist input parameters for the reactor vessel injection systems.

The numbers given in Tables A.l through A.6 and 2.1 through 2.5
comprise the default data set and will be utilized by the code unless
modified by the user. All input data parameters are listed in alphabet-
ical order in Table A.7, with their default values and indication of the
table in which they are explained. Appendix B explains how to modify
the input data.

Overall control parameters for the optional ATWS calculation have
been included among the other input variables listed in Tables A.l and
A.2. Physical input parameters such as the doppler or void coefficients
for the ATWS routines are, in general, specified by data statements in
each routine; these parameters may be altered by recompiling the appli-
cable subroutine.
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Table A.l!. Run Specific Parameters — Reactor Vessel

Parameter

Value Units Definition
Name

ALEAKO A% ft2 Initial liquid break size (=0.007
£t?2 for SDV break). (Model assumes
leak outside primary containment.)

ATWSF 0.0 Set to 1.0 to signify an ATWS con-
dition is in effect

DALEAK A% ft? Amount by which area of liquid line
break outside primary containment
increases, beginning at Tblein and
ending at Tslein (=.016 £ft? for SDV
break)

FINTIM A% s End time for the BWR-LTAS run

FTSTAB l(lO)6 5 Failure time of station batteries

during extended station blackout
(causes failure of RCIC, HPCI, and
manual mode of SRV control)

HCIO 539.0 Btu/1b Initial core inlet enthalpy

HCST 58.0 Btu/1b Enthalpy of condensate storage tank
water

LDCO 23.67 ft Initial downcomer water level (ft
above the bottom of active fuel)
(note: the BOAF is 18 ft above ves-
sel zero)

IFLAG O, 1, o0 2 This flag may be set to 0 for a no-
operator-action run, to 1 for a run
with expected operator action, and
to 2 for the default operator
action parameters (see Table B-2)

OSBOR 250.0 S In an ATWS event, the time elapsed

before the operators initiate SLC
system injection of sodium penta-
borate solution.

OSCRI 250.0 8 In an ATWS event, the time elapsed
before the operators initiate
manual insertion of control rods.

OSDLEV 250.0 8 In an ATWS event, the time elapsed
before the operators begin the ves-
sel water level reduction maneuver.

PO 1025.0 psia Initial reactor vessel pressure
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(continued)

Parameter
- Value Units Definition

SBOFLG 0.0 or 1.0 Set to 1.0 to signify a staticen
blackout condition.

SDVFLG? 0.0 or 1.0 Set to 1.0 to signify a scram dis-
charge volume break is in effect.

TBLEIN Al 8 Elapsed time prior to beginning of
the increase in liquia line break
area (initial area = ALEAKO)

TSLEIN Ad ~ Elapsed time prior to the ending of
the increase in liquid line break
area

TDLESL Ad s Emergency diesel start time after
station blackout

TO 30.0¢ s Initial time after reactor scram

WGUESS 3578.0 1b/s Guess for initial core inlet flow

@A = arbitrary user input, may be set to very high (or low, if
appropriate) values to entirely disable.

OThis flag to be used in conjunction with parameters DALEAK,
TBLETN, and TSLEIN.

€T0 = 50.0 s used for ATWS accident sequence. Time zero is defined
as the time of recirculation pump trip for ATWS sequences.
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Plant Specific Parameters - Reactor Vessel

Parameter
Name

Value

Units

Definition

ACOP

ACOR

ART

CPO
CPREF

CPST

DKDTCR

DTRVHL

FFLASH

FFREC

HREF

JETPMP

LBOT

LDCR

LHEDER

234.0
137.0
42.3

3293.0
3293.0

0.1

~1.0 (10)~5

404.,0

0.001

0.02

522.0
0.0

24 .85

27.58

23.4

ft?

ft?

f£t?

MW

MW
Btu/1b°F

(AK/K)/s

°F

(1b/Btu s)

Btu/lb
1b/s

ft

ft

ft

Cross-sectional free area of
core outlet plenum

Cross-sectional free area of
core in active fuel region

Total cross-sectional free
area of standpipes

100% reactor power

Core full power for reference*
conditions

Specific heat of steel (ia
reactor vessel internals)

Reactivity insertion rate for
manual control rod insertion
(must be negative)

Overall temperature difference
associated with initial reactor
vessel external heat losses
ianput parameter QRVHLO

Fraction of supersaturated water
(i.e. in downcomer or lower
plenum) flashed per second per
Btu/1lb of enthalpy in excess of
saturated fluid enthalpy at the
applicable pressure

Fraction of total natvial circu-
lation flow that flows iuto the
recirculation piping

Core inlet enthalpy for ref-
erence* condition

Extra core flow added by recir-
culation pumps running 20% speed

Elevation (above the BOAF) of
the bottom of the steam sepa-
rators

Downcomer water level (above
BOAF) for reference* condition

Elevation of the (upper) feed-

water sparger ring above the
BOAF
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Table A.2.

(continued)

Parameter
Name

Value

Units

Definition

LopP

LRT

LTRJP

MINT

MRVST
PCOR

PRATED

PRELR

PRR

QRVHLO

UAIRV

VANN

VDIFF

5.58

10.0

490.0

4.77(10)%

1.5(10)®
5518.0

1120.0

0.32
1020.0

948.0

33.0

1044.0

192.0

ft

ft

in.

1bs

1bs
ft

psia

p-ia

Btu/s

Btu/°F/s

fe3

Effective length of the core
outlet plenum (= volume + cross-
sectional area)

Average length of the standpipes
(from the core outlet plenum to

the mid-height of the steam sep-
arators)

Indicated vessel water level
below which the recirculation
pumps are automatically tripped.

Mass of steel in the reactor
vessel internals (includes
everything inside reactor vessel
except the core)

Mass of the reactor vessel

Total core heat transfer peri-
meter (total heat transfer area/
length of active fuel)

Steam pressure at which the
rated safety relief valve flow
(WRATED) is specified

Relative fractional power for
reference* condition

Reactor vessel steam pressure
for reference* condition

Initial heat transfer rate be-
tween surface of reactor vessel
(and associated piping) and the
drywell (atmosphere and or walls
or cther equipment) when the
temperature difference is DTRVHL

Product of heat transfer coef-
ficient and area for heat trans-
fer from reactor coolant to
reactor vessel

Free volume of downcomer annulus
(i.e. outside the core shroud)
between the jet pump suction and
the top of the core outlet
plenum (between XL2 and XL3)

Total free volume of jet-pumps
and diffusers “elow the BOAF
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Table A.2.

(continued)

P.rameter
Name

Value

Units

Definition

VFREE

VJET

VOLP

VREC

VSL

VSSOP

VUVl

vuv2

WRATED

WREF

13000.0

2325.0

1150.0

1811.0

4435.0

1063.0

2031.0

240.0

9111.0

fed

fed

fe3

fe?

fel

1b/s

1b/s

Free volume of reactor vessel,
not including: in-shroud free
volume or lower plenum free
volume

Total free volume of jetpumps
between the jet pump suction and
the BOAF (i.e. between XLl and
XL2, defined below)

Volume of the reactor vessel
lower plenum outside the CRD
guide and stub tubes

Free volume of reactor vessel
recirculation piping

Free volume of reactor vessel
between the top and bottom of
the main steam line penetration
(between XL5 and XL6) plus the
volume of the main steam lines
out to the inner main steam iso-
lation valve

Free volume of downcomer annulus
between top of the core outlet

plenum and the top of the steam
separators (between XL3 and XL4)

Free volume of reactor vessel
between the top of the steam
separators and the bottom of the
main steam line penetration (be-
tween XL4 and XL5)

Free volume of reactor vessel
between the top of the main
steam penetration and the bottom
of the vessel upper head (be-
tween XL6 and XL7)

Steam flow through fully open
safety rellef valve when pres-
sure is PRATED (value given
above)

Cere inlet flow for reference*
condition
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Table A.2. (continued)

g value Units Definition
Name

WBSLC 0.183 1b/s Boron injection rate after
initiation of the SLC system

XL1 0.0 ft Height of bottom of active fuel

XL2 8.0 ft Height of jet pump suction inlet

XL3 7.5 ft Height of top of core outlet
plenum

XL4 32.63 ft Height of the top of the steam
separators

XLS 35.88 ft Height of the bottom of the main
steam line penetrations

XL6 37.88 ft Height of the top of the main
steam line penetrations

XL7 44,09 ft Peight of the bottom of the
vessel upper head

XREF 0.133 Core outlet quality for refer-

ence* conditions

*The reference condition referred to here is a low power steady
state condition used by the code during initialization to normalize the
reactor vessel natural circulation calculation.
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Table A.3. Run Specific Parameters — Primary Containment

Parameter

N Value Units Definition

DM 29000.0 lbs Mass of steam condensed in the
suppression pool between event
initiation and the beginning of
the calculation

FLDWG 3.12(10)"% ! Fractional leakage rate of dry-
well (volume fraction per unit
time of the drywell atmosphere
leaking to the reactor building

atmosphere)

FLSPG 1(10)~8 s”! Fractional leakage of suppres-
sion pool atmosphere

HUMDWO 20.0 % Initial humidity of drywell
atmosphere

HUMSPO 100.0 4 Initial humidity of suppression
pool atmosphere

LBASE -4.0 in. Initial suppression pool water
level (in above instrument zero)

NTRHR 4 Number of RHR coolers/pumps util-
ized for suppression pool cooling

0SDPC 1084 5 Time at which the operator starts

the wetwell-to-drywell differential
pressure compressor

PLDWV 1064 psia Drywell pressure at which oper-
ators would initiate venting
through the 2.5 in. lines leading
to the SGT system

PTDWGO 15.7 psia Initial drywell atmosphere pres-
sure

PTSPGO 14.5 psia Initial suppression pool atmo-
sphere pressure

TBASE 90.0 °F Initial suppression pool tempera-
ture

TBGRHR 14400.0 5 Elapsed time at which the opera-
tors begin pool cooling y

TDMETO 145.0 °F Initial drywell metallic heat sink

temperature (primarily the ~] in.
thick drywell liner)
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Table A.3. (continued)
Parameter
N Value Units Definition

TPMETO 90.0 °F Initial suppression pool metallic
heat sink temperature (primarily
the ~0.75 in. thick suppression
pool shell).

TGDWO 145.0 °F Initial drywell atmosphere temper-
ature

TGSPO 90.0 °F Initial suppression pool atmosphere
temperature

WDLEAK 0.68 1b/s Leakage flow of saturated water

from the reactor vessel to the dry-
well

aVery large values (e.g., 10%) may be used to prevent the indicated

operator action.
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Tatle A.4. Plant Specific Parameters — Primary Containment

Parameter
Name

Value Units

Definition

ADMET

APMET

ASSPW

BDWSPO

BRDPC

BRHRP

BSPDWO

BSUMP

CDMET

CPMET

DTRVHL

18700.0 fr?

17000,0 fe?

10860.0 fe?

2500.0 (ft3/s/psi)
2.5 fti/s

22.2 fti/e
2000.0 (ft3/8/psi)
50.0 gpm

97100.0 Btu/°F
55300.0 Btu/°F
404.,0 °F

Area for heat transfer between dry-
well atmosphere and metallic heat
sinks (i.e. the ~l in. thick steel
drywell liner)

Area for heat transfer between sup-
pression pool atmosphere and metal-
lic heat sinks (i.e. the ~0.75 in.
thick steel pool shell).

Surface area of suppression pool
water

Coefficient for flow between dry-
well and suppression pool atmo-
sphere after the vent pipe is
cleared

Bulk flow from suppression pool
atmosphere to drywell atmosphere
when the suppression-pool-to-dry~-
well differential compressor is
operating

bulk flow per RHR pump in the pool
cooling mode

Flow coefficient for flow between
the suppression pool atmosphere
and the drywell atmosphere when
the vacuum breakers are open

Reactor building basement drain
sump pump flow (relevant only to
accident with liquid line break
outside orimary containment).

Product of mass and specific heat of
metallic heat sink in contact with
the drywell atmosphere (primarily
the 1 in, thick steel drywell liner)

Product of mass and specific heat of
metallic heat sink in contact with
the suppression pool atmosphere

Temperature d.fference corresponding
to reactor vessel-to-drywell heat
loss QRVHLO
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A.4. (continued)

Parameter
N Value Units Definition

ERHRR 0.433 Effectiveness of RHR heat exchang-
ers for reference conditions (see
parameters WSWR, WRHRR): reference
heat transfer rate divided by the
product of minfmum mass flow,
specific heat, and temperature
difference (between cold and hot
side inlet temperatures)

FFDVC 1.252 (fr¥/s)(1b/mole R)?+5 Flow factor for choked drywell
venting

FFDVUC 3.01 (ft3/8)(1b/mole R)?+5 Flow factor for unchoked drywell
venting

HUDWCI 20.0 % Humidity of the drywell consistent
with the specification of refer-
ence drywell cooler performance
(see also parameters TWDWCI,
TADWCI, BDWCO, QDWCR)

PDCVP 1.75 psi Pressure difference (drywell pres-
sure - suppression pool atmosphere
pressure) necessary to clear all
the water from inside the drywell
vent pipes and allow a flow from
the drywell atmosphere to bubble
through the suppression pool into
the suppression pool atmosphere

PMNDPC 1.1 psid Pressure differential below which
the wetwell to drywell differen-
tial compressor will start if
operating in automatic

PMXDPC 1.35 psid Pressure differential above which
the wetwell to drywell compressor
will shut off if operating in
automatic

QOPHLO 452.0 Btu/s Drywell heat load (in addition to
QRVHL) present during normal op-
eration but which diminishes to
zero after reactor scram

QRVHLO 948.0 Btu/s Reference reactor vessel-to-drywell
heat loss corresponding to
temperature difference DTRVHL

TAUOHL 600.0 8 Time constant for decay of operating
heat load QOPHLO after reactor scram
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A.4, (continued)

Parameter
N Value Units Definition

TSQUEN 10.90 °F Subcooling required for the com-
plete condensation of SRV discharge
in the suppression pool (saturation
temperature evaluated at T-quencher
submergence depth — pool tempera-
ture)

TSTRAT 0.0 i Difference between bulk pool
temperature and the suppression
pool temperature in the neighbor-
hood of a discharging T-quencher

TSW 95.0 °F Temperature of 'he service water
that circulates “irough the RHR
coolers:

VGDW 1.59(10)% feld Volume of drywell atmosphere
VTSP 2.67(10)5 fr? Total free volume (water plus at-
mosphere) of the wetwell torus

WSWR 625.0 1b/s Reference service water flow per
RHR cooler (see also parameters
ERHRR, WRHRR)

WRHRR 1389.0 ib/s Reference RHR pumped flow per RHR
cooler (see also parameters ERHRR
and WSWR)

WRHRSW 625.0 1b/s ‘ RHR service water flow per RHR
cooler.
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Input parameters for drywell coolers

BFNP value

Explaination

BdwcO

Ltrdwc

Otdwe

Ordwc

Ptrdwc

Pvtdwc

Qdwcr

Tadwei

Twdwci

Tfdwe

Wwdwe

2800 ft3/s
99.0 in.

600.0 s
14400.0 s

16.95 psia

465 psia

1389 Btu/s

145 F
100 F

200 F

143.4 1b/s

Total drywell cooler air flow

Low reactor vessel water level that
will cause trip of the drywell
cooler blowers providing that a loss
of off-site power is in effect
(SBOFLG = 1.0 in Table A.l, but

time > TDIESL)

Time of operator trip (if any) of
drywell coolers

Time of operator restart (if any) of
drywell coolers

High drywell pressure that in con-
junction with low reactor vessel
pressure, Pvtdwc, will cause auto-
matic trip of the drywell cooler
blowers providing that a loss of
off-site power is in effect (SBOFLG

= ],0 in Table A.l, but time >
TDIESL)

Low reactor vessel pressure for trip

of drywell coolers au explained
above

Heat removal by drywell coolers
under rated conditions: Tadwcti,
Twdwci, Wwdwc, and BldwcO

Drywell cooler alr temperature under
rated conditions

Temperature of cooling water circu-
lating through the drywell coolers

Dryvwell atmosphere temperature suf-
ficiently high to cause failure of
the drywell cooler blowers

Flow of cooling water circulated
through the drywell coolers by the
RBCCW system
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Table A.6. Input parameters for SRVs

Paramster Value Units Definition

name

ADSOVR 1.0 or 0.0 NA?  Flag set equal to 1.0 by user to
override automatic ADS

LRVADS 413.5 in. Indicated low reactor vessel water
level required for ADS initiation

NSORV 0.0 NA?  Number of SRVs that stick open at
time TSORV

OBRVD Ab s Time at which operator begins
manual depressurization of the
reactor vessel (accident sequence
dependent)

OERVD Ab 5 Time at which operator ends manual
depressurization of the reactor
vessel

OPCHSV 60.0 B Elapsed time between operator
checks of reactor vessel pressure

OSVMAN 100.0¢ s Time at which operator begins
manual control of SRVs

PC(1) 1052 psia Closing pressure for automatic
actuation of SRV No. 1

PC(2) 1030 psia Closing pressure for automatic
actuation of SRV No., 2

PC(3) 1042 psia  Closing pressure for automatic
actuation of SRV No. 3

PC( 4) 1014 psia Closing pressure for automatic
actuation of SRV No. 4

PC(5) 1023 psia  Closing pressure for automatic
actuation of SRV No, 5

PC(6) 1062 psia Closing pressure for automatic
actuation of SRV No. 6

PC(7) 1042 psia Closing pressure for automatic
actuation of SRV No., 7

PC(8) 1051 psia Closing pressure for automatic
actuation of SRV No. 8

PC(9) 1072 psia  Closing pressure for automatic
actuation of SRV No. 9

PC(10) 1032 psia Closing pressure for automatic

actuation of SRV No. 10
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Table A.6. (continued)
Parameter Value Units Definition
name

PC(11) 1060 psia Closing pressure for automatic
actuation of SRV No. 11

PC(12) 1053 psia Closing pressure for automatic
actuation of SRV No. 12

PC(13) 1015 psia Closing pressure for automatic
actuation of SRV No. 13

PFODP 100.0 psia Final target pressyre for the manual
depressurization initiated at time
OBRVD

PO(1) 1115 psia Opening pressure for automatic
actuation of SRV No. !

PO(2) 1118 psia Opening pressure for automatic
actuation of SRV No. 2

PO(3) 1120 psia Opening pressure for automatic
actuation of SRV No. 3

PO( 4) 1125 psia  Opening pressure for automatic
actuation of SRV No. 4

PO(5) 1126 psia  Opening pressure for automatic
actuation of SRV No. 5

PO(6) 1130 psia  Opening pressure for automatic
actuation of SRV No. 6

PO(7) 1131 psia Opening pressure for automatic
actuation of SRV No., 7

PO(8) 1135 psia  Opening pressure for automatic
actuation of SRV No. 8

PO(9) 1138 psia  Opening pressure for automatic
actuation of SRV No. 9

PO(10) 1140 psia Opening pressure for automatic
actuation of SRV No. 10

PO(11) 1141 psia  Opening pressure for automatic
actuation of SRV No, 11

PO(12) 1145 psia Opening pressure for automatic
actuation of SRV No. 12

PO(13) 1147 psia Opening pressure for automatic
actuation of SRV No. 13

PDHOSV 20 psi Pressure difference, (reactor vessel

pressure — drywell pressure), re-
quired to hold open an SRV under
ADS or manual actuation
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(continued)

Parameter
name

Value

Units

Definition

PDOCSV

PDWADS

PFMOSV

TSORV

50.0

16.95

110.

1010)6

psi

psia

psia

Pressure difference, (reactor vessel
pressure — drywell pressure), re-
quired for a closed SRV to open in
response to a manual or ADS SRV
actuation

High drywell pressure for automatic
ADS actuation (logic seals in and
will not automatically reset)

Drywell pressure above which a
manually opened SRV or one opened
by ADS will fail closed due to
drywell pressure approaching the
control air pressure

Time at which one or more SRVs stick
open

INA = not applicable.
bA = arbitrary user input.

cExpected value specified for operator action.
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Alphabetical listing

of all input parameters

Parameter Default Units Table where
Name value defined
ACOP 234.0 ft2 A.2
ACOR 137.0 ft? A.2
ADMET 18700.0 ft? A4
ADSOVR 1.0 NA A.6
ALEAKO 0.0 fr? A.l
APMET 17000.0 fr2 A.4
ART 42.3 fe? A.2
ASSPW 10860.0 ft? A4
ATWSF 0.0 NA A.l
BDWCO 2800.0 fti/s A.S5
BOWSPO 2500.0 ft3/s/psi A.b4
BM 20.0 gpm 2.2
BRDPC 2.5 ft3/s A4
BRHRP 22,2 fti/s A.b
BSPDWO 2000,0 ft3/s/psi A4
BSUMP 50.0 gpm A.4
CDMET 97100.0 Btu/F A4
CPMET 55300.0 Btu/F A4
CPREF 3293.0 MW A.2
CPST 0.1 Btu/1b°F A.2
CPO 3293.0 MW A2
DALEAK 0.0 fr? A.l
DM 29000.0 1bs A.3
DMIN 0.2 NA 2.5
DKDTCR ~1.0 (10)™%  (8K/K)/s A.2
DTRVHL 404.,0 ¥ A.2
DZS 21.2 ft 2.2
DZV 35.0 ft 1.2
ERHRR 0.433 NA A4
FFDVC 1.252 (ft3/8)(1b/mole R)}/2 Ak
FFDVUC 3.01 (£t¥/8)(1b/mole R)1/2 A4
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Table A,7. (continued)
Parameter Default Units Table where
Name value defined
FFLASH 0.001 1b/Btu s A.2
FFREC 0.02 NA A.2
FINTIM 18000.0 s A.l
FLDWG 3.12 x 10°8 s~! A.3
FLSPG 1.0 x 108 s~! A3
FTSTAB 1.0 x 108 s A.l
HCIO 539.0 Btu/1b A.l
HCST 58.0 Btu/1lb A.l
HPCIMX 694.1 1b/s 2.1
HREF 522.0 Btu/lb A.2
HSCSF 16.2 ft 2.4
HSRHRF 15.6 ft 2.4
HUDWCI 20.0 A4
HUMDWO 20.0 A.3
HUMSPO 100.0 A3
HO 3816.0 ft 2.2
Hl 1.552 ft/gpm 2.3
H2 -0.02517 ft/gpm? 1.2
JETPMP 0.0 1b/s A.2
KCRDCH 0.0447 ft/gpm? 2.2
KCRDTV 0.0507 ft/gpm? 2.2
KPTB 0.01 ft/gpm? 2.2
KSU 0.000516 ft/gpm? 2.2
LBASE -4,00 in, A.3
LBOT 24.85 ft A.2
LCSTSS 0.0 in, 2.1
LDCR 27.58 ft A.2
LDCSET 560.0 in. 2.5
LDCO 23.67 ft A.l
LHEDER 23.4 ft A2



Table A.7. (continued)
Parameter Default Units Table where
Name value defined
LHPIN 476.0 in. 2.1
LHPMIN 476.0 in. 2.1
LHPMT 540.0 in. 2.1
LHPT 582.0 in. 2.1
LLPI 413.5 in, 2.4
LLPIT 587.0 in. 2.4
Lop 5.58 ft A.2
LRCIN 476.5 in. 2.1
LRCMIN 476.5 in. 2.1
LRCMT 582.0 in. 2.1
LRCT 582.0 in. 2.1
LRT 10.0 ft A2
LRVADS 413.5 in. A.6
LSPSS 7.0 in. 2.1
LTCRD 582.0 in. 2.2
LTRDWC 99.0 in. A.5
LTRJP 490.0 in. A.2
MINT 477000.0 1bs A.2
MRVST 1.5 (10)® 1bs A.2
NCS 4.0 NA 2.4
NLPCI 4,0 NA 2.4
NSORV 0.0 NA A.6
NTRHR 4,0 NA A.3
OBRVD 1800.0 N A.6
0OCBPC 60.0 s 2.3
oncs 0.0 - 2.4
ODLPCI 0.0 s 2.4
OERVD 2400.0 o A.6
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Table A.7. (continued)

Parameter Default Units Table where
Name value defined
OHPMAN 150.0 s 2.1
OHPT 600.0 “ 2.1
OHPTR 1 (10)8 s 2.1
00CBP 1 (10)8 s 2.3
00PTB 1 (10)® s 2.2
00TV 1 (10)8 s 2.2
OPCHRC 60.0 s 2.5
OPCHSV 60.0 s A.6
ORCMAN 150.0 s 2.1
ORCT 7600.0 $ 2.1
ORCTR 10800.0 s 2.1
ORDWC 14400,0 s A.5
0SBOR 250.0 s A.l
OSCRI 250.0 s A.l
08CS 1 (10)® s 2.4
0SDLEV 250.0 s A.l
0SDPC 1 (10)% s A.3
0SLPCI 1 (10)8 s 2.4
0SSCRD 1 (10)® s 2.2
OSVMAN 100.0 s A.6
OTCBP 0.0 s 2.3
OTCRDP 1 (10)® s 82
OTDWC 600.0 s A.5
pPC Various psia A.6
PCOR 5518.0 ft A2
PDCVP 1.75 psi A4
PDHOSV 20.0 psi A.6
PDOCSY 50 .0 psi A6
POLPI 16.95 psia 2.4

PDWADS 16.95 psia A.6
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Table A.7. (continued)
Parameter Default Uaite Table where
Name value defined
PEHPIS 165.0 psia 2.1
PERCT 40.0 psia 2.1
PFMOSV 110.0 psia A.6
PHPIN 16.5 psia 3 |
PHPIS 115.0 psia 2.1
PIDWV 1 (10)® psia A.3
PMNDPC 1.1 psi A4
PMXDPC 1.35 psi A4
PO Several psia A.6
PRATED 1120.0 psia A.2
PRCIS 65.0 psia 2.1
PRELR 0.32 NA A.2
PRR 1020.0 psia A.2
PTDWGO 15.7 psia A.3
PTRDWC 16.95 psia A.5
PTSPGO 14.5 psia A.3
PVLPL 480.0 psia 2.4
PVLPIV 430.0 psia 2.4
PVTDWC 465.0 psia A.5
PO 1025.0 psi A.l
QDWCR 1389.0 Btu/s A.5
QOPHLO 452.0 Btu/s A4
QRVHLO 948.0 Btu/s A.2
RCICMX 83.3 lb/s 2.1
SBOFLG 0.0 NA A.l
SDVFLG 0.0 NA A.l
TADWCI 145.0 °r A5
TAUOHL 600.0 - A4
TBASE 90.0 °F A3
TBGRHR 14400.0 - A3
TBLEIN 0.0 - A.l
TCFAIL 30.n s 2.4
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Table A.7. (continued)
Parameter Default Units Table where
Name value defined
TDIESL 1 (10)8 s A.l
TDMETO 145.0 °F A.3
TFDWC 200.0 °F A.5
TGDWO 145.0 °F A.3
TGSPO 90.0 °F A3
THPLS 200.0 °F 2.1
TPMETO 90.0 °F A.3
TRCF 190.0 °F 2.1
TRCIS 200.0 °F %)
TSLC 1 (10)® s 2.2
TSLEIN 1 (10)® s A.l
TSQUEN 10.0 °F A4
TSORV 1 (10)8 s A.6
TSTRAT 0.0 °F A4
TSW 95.0 °F A4
TWOWCI 100.0 °F A.5
10 30.0 s A.l
UAIRV 33.0 Btu/°F/s A.2
VANN 1044.,0 fr? A.2
VDIFF 192.0 fr’ A.2
VFREE 13000,0 frl A.2
VGDW 1.59 (10)° fe3 A4
VJET 58 .4 fel A.2
VOLP 2325.0 £l A2
VREC 1150.0 fel A2
VSL 1811.0 frd A2
VSSOpP 4435,0 fed A.2
VTSP 2.67 (10)% frd A4
vuvl 1063.0 fr? A.2
vuv2 2031.0 ft? A.2
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Table A.7. (continued)

Parametecr Default Uatte Table where
Name value defined
WBSLC 0.183 1b/s A2
WDLEAK 0.68 1b/s A.3
WGUESS 3578.0 1b/s A.l
WRATED 240.0 1b/s A2
WREF 9111.0 1b/s A.2
WRHRR 1389.0 1b/s A4
WRHRSW 625.0 1b/s A.5
WSWR 625.0 1b/s A4
WTEHPO 51.15 1b/s 2.1
WTERCO 7.97 1b/s 2.1
WWDWC 143.4 1b/s A.5
XL1 0.0 ft A.2
XL2 8.0 ft A.2
XL3 17.5 ft A.2
XL4 32.63 ft A.2
XL5 35.88 ft A2
XL6 37.88 ft A.2
XL7 44,09 ft A.2

XREF 0,133 NA A.2
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Appendix B

SAMPLE INPUT AND OUTPUT

The purpose of this appendix is not only to present the input and
output from a sample use of BWR-LTAS, but also to instruct potential
users how to run the code. It is assumed that the user is acquainted
with FORTRAN in general and the use of BLCCK DATA in particular.

In order to mocJilify input parameters for a BWR-LTAS rum, it is nec-
essarv to recompile at least the INOUT subroutine. All the input param-
eters are initialized with default values in a single alphabetically
arranged BLOCK DATA subprogram; INOUT obtains access to these parameters
via labeled commons. Any or all of the input parameters may be changed
by adding assignment statements to INOUT. In addition, by setting the
flas variable, IFLAG, to 0, 1, or 2 the user may initialize a subset of
the input data for, respectively, no operator action, expected operator
action, or operator action for the demonstration transient that was used
for code checkout. INOUT prints a2 namelist of all the input parameters
both before (default) and after the input data changes. 1In addition, it
prints a subset of the input data in a system summary of parameters
(listed on Table B-2) that control the injection systems, the SRVs, and
the containment cooling systems.

Table B-1 outlines the major steps in the operation of the MAIN
program and INOUT, Besides the selection of preselected subsets of in-
put data by IFLAG, the user may set flags ATWSF, SBOFLG, and SDVFLG to
invoke three preselected accidents (see Table B-3). Random failure of
individual systems may be simulated by including an assignment statement
in INOUT to change the appropriate variable. For example, to fail the
RCIC system, the input parameter ORCT can be used to cause the RCIC sys~-
tem to be tripped atter ORCT elapsed seconds.

The end time of the run, FINTIM, and the output print interval,
PINTVL, can be modified by assignment statements in INOUT.

During execution, the program updates the value of all program var-
iables after each 0.5 s time step. After PINTVL seconds have elapsed, a
preselected list of key variables is written to Unit 6, for hard copy,
and, if desired, to Unit 20, which may be designated by site-specific
job control language to be either punch cards or magnetic disc storage.
Table B-4 defines the output variables that are typically written to
Unit 6 and/or Unit 20, The data stored by writing to Unit 20 would
typically be used separately for plotting purposes. Another output
feature is available to give a very detailed picture of the calculation
at a specific instant. Whenever the DEBUG flag is set to 1.0 in MAIN,
the NURV, POOL, and CONT subroutines will each print a detailed namelist
of variables. The user may control the number and time of DEBUG print-
outs by "if" statements starting three lines after statement number 60C
in MAIN, For example, the statement "IF (TIME.EQ.1000.) DEBUG = 1.0"
will produce a DEBUG printout after 1000 s.

A hypothetical Station Blackout case was chosen fo. the sample
transient. The output is included as Table B.5; it includes both the
normal column output printed every 10 s, as well as a DEBUG print at
3600 s, To run this case it was necessary to add the following assign-
ment statemerts o the INOUT subroutine:
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IFLAG = 1.0 (Select best-estimate operator actions)
SBOFLG = 1.0 (Station Blackout Flag)
FTSTAB = 5400.0 (Time of station battery failure)
OBRVD = 3600.0 (Begin time for reactor vessel depressurization)
OERVD = 9000.0 (End time for reactor vessel depressurization)
FINTIM = 10800.0 (Desired end time of run)

Use of the Station Blackout Flag SBOFLG automatically changes the
value of the parameters LHPMIN, LRCMIN, LTCRD, ODCS, ODLPCI, OHPT,
ORCMAN, ORCT, ORCTR, ORDWC, OTCBP, and TBGRHR. The values used for the
Station Blackout calculations are listed in the "Modified Input Data”
section of the output (Table B.5). The DEBUG variable list was selected
for printing by inserting the following statement three lines after
Statement 600 in MAIN: "IF (TIME.EQ.3600.) DEBUG = 1.0".

This case is not intended to represent a realistic station blackout
accident sequence. The battery failure time of 1.5 h (5400 8) was in
this case chosen to minimize the number of pages of printed output, The
battery failure time for Browns Ferry has been estimated by TVA to ex-
ceed 6 h.

The manual depressurization initiated at OBRVD = 3600 s is a typi-
cal and desirable operator action. The normal shutdown depressurization
rate of 100°F/h was chosen by setting OERVD = 9000 s. The target final
pressure for the depressurization, 100 psia, was determined by choosing
IFLAG = 1.0 (best estimate operator actions). The program then automat-
ically assumes that the target low pressure is 100 psia.

Due to the battery failure at 1.5 h, the RCIC and HPCI systems and
manual control of the SRVs fail; the reactor vessel repressurizes, and
vessel water level begins to steadily decrease. At the end of the run
the downcomer water level 1is within inches of the level of the top of
the active fuel.
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Table B.,l. Outline of BWR-LTAS execution sequence

MAIN Prograg

M.1

M.2
M3
M.4

M.5

M.6

M.7

Call subroutine INOUT
Subroutine INOUT

I.1 Print the default icput data
Call to NAMOUT provides a namelist print of all parameters

1.2 Option to modify subset of default Input data applicable to
plant injection, cooling systems (see Table B-2).
IFLAG = 0: No operator action, automatic control only
IFLAG = 1: Best estimate operator actions and control
setpoinis
IFLAG = 2: Values used for demonstration transient

I.3 Select Accident Flags (Default = 0.0) (see Table B-3)
ATW.F = 1,0: MSIV-closure-initiated ATWS
SBOFLG = 1.0: Station blackout
SDVFLG = 1,0: Scram discharje volume break

[.4 Modify other parameters, if desired
FINTIM, PINTVL, any other block data parameter

1.5 Print modified input data
System summary for each injection system, the SRVs, and
containment cooling system. Call to NAMOUT for namelist
print of all irput pa~ameters.

1.6 Return to MAIN
Initialize all transient variables
(Begin transient calculation)

Set parameter DEBU to 1.0 at selected time(s) (=0 otherwise) to
cause suhroutines NURV, POOL, and CONT to print detailed namelists

Calculate value of all system variables at the end of the 0.5 s
time step by calling subroutines REALG2, XLIND, XSRV, RIKSEY,
HIPSEY, LPECCS, NURV, CRODHY. CBOOST, WELL, POOL, and CONT

Write out»ut variables (Table B-4) to UNITS 6 and 20
if PINTVL seconds have elapsed

Return to step M.3 unless elapsed time exceeds FINTIM
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systems, SRVs, and containment cooling systems
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Summary of parameters that control automatic and
manual control actions, and system failures for injection

Parameter

Standard Parameter Values

System e Units
IFLAG=0  IFLAG=1 IFLAG=2

HPCI LHPMIN O 490 476 in,
HPCI LHPMT 1.E6* 540 540 in.
HPCI OHPT 1.E6 1.E6 600 “
HPCL OHPR 1.E6 1.E6 1.E6 8
HPCI OHPMAN 1.E6 150 150 5
HPCI PHPIN 16.5 16.5 16.5 psia
HPCL LHPIN 476 476 476 in.
HPCI LHPT 582 582 582 in.
HPCI PHPIS 115 115 115 psia
HPCL PEHPIS 165 165 165 psia
HPCI THPIS 200 200 200 °F
HPCI LSPSS 7 7 7 in.
HPCL LCSTSS 0 0 0 ft
RCIC LRCMT 1.E6 570 582 in.
RCIC LRCMIN 0 520 476.5 in.
RCIC ORCT 1.E6 1.E6 7600 8
RCIC ORCTR 1.E6 1.E6 10800 s
RCIC ORCMAN 1.E6 150 150 8
RCIC LDCSET 560 560 560 in,
RCIC OPCHRC 60 60 60 8
RCIC DMIN 0.2 0.2 0.2
RCIC LRCT 582 582 582 in.
RCIC LRCIN 476.5 476.5 476.5 in.
RCIC PERCT 40 40 40 psia
RCIC PRCLS 65 65 65 psia
RCIC TRCIS 200 200 200 °F
RCIC TRCF 190 190 190 °F
CRDHS 0SSCRD 1.E6 1.E6 1.E6 8
CRDHS LTCRD 1.E6 582 582 in.
CRDHS 00TV 1.E6 1.E6 1.E6 8
CRDHS 00PTB 1.E6 1.E6 1.E6 s
CRDHS OTCRDP 1.E6 1.E6 1.E6 8
cp/CBpP OCBPC €0 1.E6 60 s
CP/CBP 00CBP 1.E6 1.E6 1.E6 s
CP/CBP OTCBP 1.E6 120 1.E6 8
LPECCS 08CS 1.E6 1.E6 1.E6 8
LPECCS OSLPCL 1.E6 1.E6 1.E6 8
LPECCS oDcs 1.E6 1.E6 0 5
LPECCS ODLPCI 1.E6 1.E6 0 s
LPECCS LLPIT 1.E6 587 587 in,
LPECCS LLPL 413.5 413.5 413.5 in.
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Table B,2, (continued)

Parameter Standard Parameter Values
System e A
IFLAG=0 IFLAG=1 IFLAG=2

LPECCS PVLPL 480 480 480 psia
LPECCS PDLPL 16.95 16.95 16.95 psia
LPECCS PVLPLV 480 480 480 psia
LPECCS HSRHRF 15.6 15.6 15.6 ft
LPECCS HSCSF 16.2 16.2 16.2 ft
LPECCS NCS 4 4 4
LPECCS NLPCIL 4 4 4
LPECCS TCFAIL 30 30 30 s
SRV ADSOVR 0 1 1
SRV OBRVD 1.E6 1800 1800 S
SRV OERVD 1.E6 10800 2400 [
SRV OPCHSV 60 60 60 B
SRV OSVMAN 1.E6 100 100 s
SRV LRVADS 414 414 414 in.
SRV PDWADS 17 i7 17 psia
SRV NSORV 0 0 ¢
SRV PDHOSV 20 20 20 psid
SRV PDOCSV 50 50 50 psid
SRV PFMOSV 110 110 110 psia
SRV TSORV 1.E6 1.E6 150 s
Primary PIDWV 1.E6 16.5 1.E6 psia
containment  TBGRHR 1.E6 1800 14400 ~
OTDWC 1.E6 1.E6 600 s
ORDWC 1.E6 1.E6 14400 “

Note: These parameters are defined in the body of the
report in Tables 2.1-2.5, and Tables A.l1-A.6, and also in
the "system summary” part of a typical code output (Table B.S,
this appendix).

*Values of 1.E6 or 0.0, as appropriate, may be used to
prevent a potential operator action.
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Outline of accident flags and
their associzted system effects

Flag

Definition

Effects

ATWSF

SBOFLG

SODVFLG

ATWS

Station blackout

Scram discharge
volume break

(1)
(2)

(3)

(4)
(5)
(6)
(1)
(1)
(2)

(3)

Initialize reactor at 28% power
Calculate prompt power, add to decay
heat power

Select X = 1.0 in subroutine XSRV (de-
creased operator sensitivity to RV
pressure fluctuations)

Lower LDCSET from 560 in. to 380 in. at
time > OSDLEV

Begin control rod insertior at time >
0OSCRI

Begin boration at time > O0SBOR

Fail all pumps and blowers that depend
on AC power, until time TDIESL

Begin leak from reactcr vessel to
reactor building at time 0.0

Leak area increases to ALEAKO +
DALEAK between times TBLEIN and TSLEIN

CRD hydraulic system injection zeroed.
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Table B.4., Definition of typical output variables

Variable Definition

TIME Time elapsed (s) since TO (TO = the initial time after
reactor scram that calculations begin)

PREL Reactor thermal power: heat transfer from the fuel te
coolant as fraction of full power (3293.0 MW)

LDCVZ Actual collapsed reactor vessel water level (in. > vessel
zero)

LYAR? Reactor vessel water level, as measured via the Emergency
S;~tems instrument (in > vessel zero)

LSHRD? Reactor vesse! water level, as measured via the Post-
Accident Flooding instrument (in > vessel zero)

WINJ Total reactor vessel injection from RCIC, HPCI, CRD hydraulic
system, and condensate/condznsate booster pumps (1lb/s)

P Reactor vessel pressure (psia)

WTOST Total steam flow from reactor vessel liquid and two-phase
regions to the reactor vessel stcam space

WSTC Total steam flow (SRV + HPCI, RCIC turbine exhaust) from
reactor vessel to suppression pool (1lb/s)

LOGREL The number of open SRVs

TGDW Temperature (°F) of the drywell atmosphere

PTDWG Total pressure (psia) of drywell atmosphere

LWSPAV Suppression pool water level (inches above instrument zero)

TWSPAV Suppression pool bdulk temperature (°F)

WECC Total reactor vessel injection from the Core Spray and LPCI
systems

A.DCVZ is used for internal ~ode calculations, LYAR differs from
LDCVZ when the reactor vessel is depressurized because of instrument
calibration and has maximum value of 588 in., minimum value of 373 in.
LSHRD differs from LDCVZ when the reactor vessel is pressurizcd and has
maximum value of 560 in., minimum value of 260 in. (see Chap. 6).



Table B.5. Listing of BWR-LTAS cutput for a sample case

DEFALLT TwPUl Cala
LiAM]
ACOP=  234.0C0000 sALURS  137.000000 +ACMET= s s00.CCCL +ADSUVR= (.CC0CCCCOC vALEAKO* 0.CN0000000E+CQAPPET -
1 70€0. CCOC PART=  42.300003%4 +ASSPwE 10860 .0UOO vATWSF= 0.000000000E+00,BUNCO= 28CC.CCC00C +BONSPC=  25C0.CCOCO .
BM=  20.0000CCO oBhuCe  2,.%CCCCO00 WERNRPs 22.1999969 »ESPLNMO=  2000.00000 +ESUNP=  50.000CCC0 +CCMET=
T100.0000 vLPMET=  55500.0000 LPRLF=  3293.0C00C0 +LPST= 0.1COCCCO24 LPO=  3293.00000 sLALEAK= 0.000CCC00CL+00,
UMa 29000.CC00 oERLLE CL19959908 «LTRVHL®  404.00000C sBIS=  2U1.15959¢5 WBIv:s  3%9.00C0000 JERMERs D.433C0C028 .
FELASHS 0. 995999931F~03,FFRECs 0, 199999996 E~01 JF INTiM= 18000.0000 JFLONGE 0.310299990E-07,FLSPG= 0. ICOCCOCORE~CTFISTABS
1000006.00 sWLi0= S39.CO0"CO HCST= 58.0C00000 MHPCIMEs  894.166992 WMREF=  $22.000000 WHSCSFs 1EL 16996569 .
HIAME = 15, 6000004 JMUCHCT=  20.0000000 P HUMDWGS  20.000CC00 «HUMSPCs  jCC.CCCOOU WMO=  3816.00000 bl
L.5520C00% WH2e=CL251699984E-01 4 JETPPP= 0. COUN00U00E 00 JKCRECHS 0. 44 TN00COSE-O L KCRDTYs Q. SCTCCOOIME~-OLXPIB= C,1CCCCCOLGE~OL,y
Kou= D.515T0008%E~03,LBASE= ~&,CC0CCCTC LBDT=  24.85C0061 +LOCR=  27.5800014 +LOCLSET=  %60.000000 WLOCC=
23.6699982 shMELER=  23,39999%9 sLEPIN=  s76.C00CCOD JLHPMIN= 4TE.CCCCCC JLHPNT:  540.000000 slrfTe
$82.00Cu2C JLLPL= 41 3.500000 WLLPIT=  587.000000 LOP= S.5799999%¢ JLAC IN* & 2e.5CCCOD JLRLMINS  &76.5C0C0C .
LACKAT= Ss..c0C0C0 hRCT=  SHZ.CH0CCO W8T L 0.00C0000 «LRVADS= 413.5C00000 +u5P55  T.00GCCOOC LTCRU=
582.000000 SLTREWC»  99.,0000000 «MINT=  &T7T7CCC.OCU JMRVST= 150¢CCC0.0C NCS=  &,00000000 «NLPCI= &.00000C00 .
nWTRHR= 4, 0CCCCOCO suUBHVD= | 800.00000 +OCBPCs  6C.000CO00 +UDCSs C.CCCCCCCLCE00,0DLPCE® 0.00CCOCCCCECC JLERVD
2400.00000 «OMPMANe 150, 0000C0 OHF T 600.C20000 +CHPIR=  10L0000.00 »COCnP= 1000000, 0C +00PTE> ACCCCCC.CO
QUIve 1000000 .0C +UPCHRCs  s0.CCOCCOC «OPCHSY=  60.0CCOCCE +CHCPAN"  15C.000000 +LRCT=  7600.CC000 ORCTR=
10800. 0000 »URCWELE  14400,.000C «USBUR®  250.000000 +USCRI= 2SC.CCCCOC »USCS»  1C0CC00.00 «CSCLEV=  2%0.CCCCCe
USOPCs  LUCCLO0.0C sUSLPCTI=  10CC0G0.00 «CSLCRE=  1000000.00 ¢OSVRAN= 100.CCCC00 +OTLBP= 0.CCCCOCCCLESCC ,CTICREP
1009000.00 +OTUMC=  400.00CC0C +PC-  lOS2.CCCCC + 1030.00000 + 1042.00000 « 1014.00000 » lC23.00CCC .
1062.0C0C0 v 1042.00000 v leSl.occcce v 1072.00C0C + l032.CCCCC » 1CeC.00C0C0 » 1053.00000 .
L0135, CCoece WPCUR=  $518.00000 PLCYPE 1 .75000000 »POMOSY=  20.000000C 2POWALS® L6, 5499989 WPERPISe
1865.00000C +PERCT=  &C.0000C00 +PERLSYe  110.000C00 +PHPIN=  16.5000000C »PEPIS=  115.0000CC P iimes
1000000.00 «PC= 1115.00000 v Llid.cccco +» RHl20.0CCrC v 1l25.cC0C00 v 1146.00000 + 1130.C0C00 .
Livi.oceec v L13%.00600 v LL38.00000 +  L140.00000 s ll4l.CCCCO s+ LleS.00ccCe » Llsl.0c0CCC PRATECS
1129.00060 +PRLIS* 65.0000C00 PPRELK® 0319999993 WPRR=  |020.0C000 JPTUNGOS  15.06999998 +PTRORC®  18.5465%69
QUWCR= 1389.00000 PISPGO=  L4.5CCCCCC PVLPI= &B0.CCOCCC PYLPIVE  4B0.CCCC00 »PYTOWC=  485.0C00CC PO
1025, 00000 PLPHLO=  452.0006000 SURYMLO=  948.000000 oRCICHA=  83.3CCC03L »SHOFLG* C.000000000€ +00 ySCVFLG=
0. 0CCOCCUNCETTULTAUMLI= 145.00C000 WTRASE=  30.0GL0000 +TBGRER= 1 4400C.00C0 +TRLEIN= C.COO00Q0CCCESCC TCFAILS
30.0000000 «TOIESL®  100000¢.0C +TOP_TC=  145.000000 «TEURC=  200.000000 «TGLMWO=  145.000000 »TGS5P0=
920.000000U 2THPLIS=  200.000000 «IPMETLs  90.00C0CCO «TRCF=  190.CCCCOC +TRCIS=  200.000000 +TSLC*  10000CO.C0 .
TSLeIns=  jLCCCCo.Ce «T5CUEN=  10.0060000 «TS5URV=  1000000.00 +TS5TRAT= 0.000CCCCCOL+00,T5m= 95.C0CCC0C sInOnCis
100.600000 +TC=  30.0C00000 JUALRYE  33.C0CCO00 +VARNE  1044.00000 JVEIFF=  192.0C0000 oVFREE= 13CCC.CCCC .
Volws 159000.000 WVIET=  58.34999939 PVULPs  2325.0C0CC +VREC* 115r.C0000 WVSL=  1811.00000 PVSSLPE  Ae3eL89522
visP= 2elecCC,CCC »VUVE = 1063.00000 WVUVZ=  2031.00000 +WOLEAR= O.8ECOCCCOT vwGUESSe  3578.C0CCO PRESLCS
0. 182600021 JHRATED=  240,000000 yKReF= 9111.00000 yWAKRR= ] 389.00000 «WRER W= 62%,00000C eWSBNE  E25.CCCCCC
WIEHPOs  51.1499939 oWTERCO=  T7.S7CCC027 ahwUnl = 143, 395994 eXLLI~ 0.COCCO0000E+D0,xLI= 8.00000000 XL 3
1 7.5000000 oXL&m  32.630004% W ALS*  35.8800049 vALE=  3T7.8B0CCAY WELT= A4, 0E9996) +KREF= 0,133CCCCss sCNLTCR
=0 VIIIIIVTSE-024,LL 5755 0, C0000CO00E+00,L TRIP=  490,000000 yNSORV= 0,0000C00C0L+CUL,PDOCSYS %0.00C0CCO +PCLPL~
16.969996 % WPFOLPS  LOU.000CCO WFFDWC  1.25199986 +FROVUC=  3.010C0023 WPRXUPCs  1.35000038 P PENLPL =
1.100000%4 +TAUCHL=  500,000000
DU L)

(4%}



Table B.5 (continued)

MUDIFIED INPUT DATA

STATION BLACROUT LN EFFECT UNTIL 1000000. ELAPSED SECONDS. BATTERIES FAIL AFTER 5400. tLAPSED SECUNDS.
Trl5 1S A TYvICAL OPERATDR ACTION RUN.

RCTC SySTem Sumpary
UPERATOR ACTIONS:

LeCHT STC.GC Ry WATER LEVEL (IN. ABOVE VESSEL ZERC) FOR MANUAL TURBINE TRIP

LROMIN S20.00 RV WATER LEVEL FUR MANUAL INTTIATION OF RCIC FLOW

Oner 1000000, TIME FUR FANUAL TURBINE TRIP

ki T 1000000,  TIME FOR RESETTING MANLAL TURBINE TRIP

CROMaN 30. TIME TU BEGIN MANUAL INCREMENTAL RCIC CONTRCL

LOCSEY 560, SETPCINT FLR INCREMENTAL MANUAL CONTROL OF RCIC FLOW

UPCHRL 0, TIME [NTERVAL BcTWEEN CPER, CHECKS OF THE RV WATER LEVEL FOR INCREMENIAL FLOW CONTROL

(L2 Culd MIN., UEMANDED FLUW FRACTICN ALLCWEC FOR MANLAL CONTROL
AUTOMATIC CONTROL:

LRet 582, RV LEVEL (INCHES) FOR AUTC. TURBINE TR)P

LRCIN 416.5 RV LEWEL FOR ALTO. INITIATICN

PERCT 40, TUSBINE EXRAUST PRESSURE (= PSP PRESSLRE) FOR ALTC. TURBINE TRIP

PRCIS 0%, PV PRESSURE FOR AUTO. TUREIME STEAM SUPPLY ISOLATION

LI B 200, TURBINE STEAM SUPPLY LINE SPACE TEMP., FCR MITO. TUNBINE STEAM SUPPLY ISOLATION
SYSTEM FAILU#ES:

TALF 190, PSP TEMP FCx RCIC/#PCL FATLURE

HPCL SYSTer SurkaRy
OPERATOR ACTIONS:

LHPMIN 490,00 RV WATER LEvVEL FUR MANUAL INITIATION OF WPCI FLOW

Lupwt S64C. 00 Wy WATER LEVEL FCR MANUAL TURBINE TRIP

[si 2] 400, TIME FOR MANUAL TURBINE TRIP

LHPTR LOODCOU. TIME FUR RESET uF MANLAL TRIP

CHPMaAN 150, TI®E TU BEGIN MANUAL HPC I CONTRUL
AUTOMAT IC CONTRUL:

PPN 15,5 PRIMARY COUNTAINMENT PRESS. FOUR AUTC. WPCT INITIATICN

LHPIN 6T, Ry WATER LEVEL FUR AUTO. WPCI STARTY

LHPY 582. KV wWATER LEVEL FUR AUTC. TURBINE TRIP

L B 11%. “v PRESSURE FOR AUTO. TURBINE STEA® SLPPLY ISCLATICN

PLHPLS 165, TURBINE FXMAUST PRESSURE (=PSP PRESSURE) FOR ALTU. ISDLATICN

WP s 200, TURBINE STEAP LINE SPACE TEMP, FOR AUTO. [SOLATION

L3PSS 7o INDICATED PL® LEVEL FCR AUTG. SHIFT CF »PCH SUCTICN FROM ThE CST 10 THE PSP

LLCSTSS Q. CST LEVEL FUR AUTU. SHIFT OF HPLI SUCTICN FRCM THE CST TC THE PSP
SYSTEM FAILLRES:

TRLF 190, P3P TEMP, FUR RCIC/WPCE FAILURE

CRD mYORAULIC SYSTEM SUMMARY
OPERATUR ACTIUNS:
055CR0 1000C00. TIME FOR CPERATCR TC START SECOND CROD pump

LTCRL S8L. INDICATED RV wATER LEVEL ABCVE welCr CPERATURS THACTTLE THE CRD PUMP CISCH. VALVE
cCrv 1000000, TIME FUR UPcRATUR TO OPEN CRD PUMP UISCH. VALVE
oaerTy 1000C00. TIME FOR CPERATCR TC CPEN THE PUMP TEST BYPASS VALVE

CTCROP 1000C0C. TIME FOR OPERATUR TO TRIP ALL CHD PUFPS

CPILEP SUMMARY
OPERATOR ACTIUNSE

ccery 60, TIME INTERVAL BETWEEN THE PERICOLIC CPERATOR CHECKS OF RV wATER LEVEL FOR FLUW CONTRCHL
cocer 1000000, TIME wHEN CPERATUR CONTROL OF CBP FLOw BEGINS
Clear 120, TIPE wHEN CPERATURS TRIP THE CPS ANC CBPS

LP INJECTION SYSTEP SuMMARY
OPERATCR ACTUCONS?

€scs 1000000, TIME FCR CPEeRATUR TO START CURE SPRAY PLMPS
osLecl L000CCO.  TIME FOR (PERATUR TO STARY RMR PUMP, FOR LPCI
cces 1000CC0,. TIME FOR CPERATOR TO DISABLE AUTO. CPER. OF (S SYSTEN

coLect 1000000, TIME FUR UPEKATUR TO DISABLE THE ALTO, OPERATICN CF THE LPCI MODE CF RMR
Levid S87,0 AV wATER LEVEC XBOVE WHICK THE OPERATOR WOULD CISCONTINUELPL TO PREVERT CVERFILLING RV

£El



AUTOMATIC CONTROL:
el
PwiLPi
POLPI
sVLP v
SYSTEM FAILUAES:
HOAMRF
HH(LF
NCS
NLPLI
TCFAlLL

UPERATOR ALTILNS:
ADSOWR
CenvL
LeRvl
UPLH LY
CSVMAN
Pecoe

AUTUMATIC CONTROL:
LAVADS
PLWACS
L D)
PLE 2
PCL W)
PCL &)
PCL %)
PLE a)
Pt N
et B
PLL W)
eI
L)
ATl
PLELy)
PCL 1)
PUL 2)
L L ]
PLL &)
Ul %)
POL B)
Pt Ny
PUL A)
POL 4)
PLLLOY
PCLLL)
PCLL2)
POLL Y)Y

SYSTEM FAILLRES:
NSORY
POFOSY
PLLLSY
PEPOSY
1508y

UPERATUR ACTIUNS:
PlDwy
TEGHRFK
wTiwl
CHROW

Table B.5 (continued)

MV WATER LEVEL FUR AUTO. START UF L5 AND RMR PLMPS

Liw Py PRESS. (wiThk mi Dw PRESS) FOR AUTO START OF CL ANL RHR Pumps

Wi DRYwclLL PRESS. (wiTh LC PV PRESS.) FCR CS5S AND RmR STaKT

LOw Pv PRESS. PEMMITS INJ. VALVES TO CPEN AFTER (S AND/OR RMR AUTC. START

THRE SHLLD NPLH FUR FALLURE OF ReR Pump

THRESEOLD NPLH FUR FALLURE OF CCRE SPRAY PLMP

NUMBER UF UPERABLE CORE SPRAY PUMPS

NUNBER CF CPERABLE RMR PuMps

TIME AN RHR PUMP OR CS PUMP MUST CPERATE BELOW THE THRESHOLD NPSH TO CAUSE PUMP FATLURE

SRV SUMMARY

i
3600,
2000.
sd.
icc.
L00.

al4.
i6.9%
1052,
1C30.
1042,
Cls.
1C23.
1cez.
1062
1C51.
1cr2,
1032,
1060,
1C53.
1015,
Lil5.
Lk,
1120,
1125,
1126,
1130,
st
Li35.
11368,
11s0.
Lisl.
1145,
1147,

Ua

20

$0.

Ao,
1000CCC,

FLAG SeT EQUAL TO 1.0 BY USER TO CVERRIDE MUTO. ACS
TIME CPER. BEGINS MANLAL ORPRESS. OF RV

TIME CPER. eNLS MANUAL UEPRESS. OF RV

ELAPSEL TIPL BETWEEN CPER. CHECKS CF RV PRESSURE
FIME AT wHiLH OPER. BEGINS MANUAL CONTRCL CF SRVS
TARGET RV PRESS AFTER DEPRESS. (AT [IME OERVD)

INUICATED LUw RV wATER LEVEL KEQD. FCR ADS INITIATION
FIGK (W PRESS FOR AUTU. ADS ALTUATIUN (AC AUTL. RESET)
CLCSIAG PRESSURE FOR AUTC. ACTUATICN OF SRV NO.
CLOSING PRESSURE FCR AUIC. ACTUATICN CF SHV NO.
CLOSING PRESSURE FUA ALTO. ACTUATICN OF SRY NO.
CLUSING PRESSURE FOR AUTU. ACTUATION OF SRY NO.
CLOSIAG PRESSURE FCR AUTC. ACTUATICN CF SRV NO.
CLOSING PRESSURE FOR AUTC. ACTUATICN OF SRV NO.
CLUSING PRESSURE FOR AUTO. ACTUATION OF SRW NO.
CLCSING PRESSURE FCR AUTC. ACTUATICN OF SRV NO.
CLOSING PRESLSURE FOR AUTC. ACTUATICN CF SRY NC.
CLOSING PRESSURE FOR ALTO. ACTUATICN OF SRV NC.
CLOSIAG PRESSURE FUR AUTO. ACTUATION UF SRY NO.
CLOSING PRESSURE FCR AUTC., ACTUATICN CF SRV NC,
CLOSING PRESSURE FOR ALTO. ACTULATICN GF SRY NC.
CPENING PRESSURE FOR AUTO. ACTUATION OF SRY NU.
CUPENING PRESSUKE FOR AUTC. ACTUATICN OF Skv NO.
OPENING PRESSLRE FOR AUTC. ACTUATICN CF SRy AC.
UPENING PRESSURE FOR AUTO. ACTUATION OF SRV NO.
CPENIAG PRESSURE FUR AUTC, ACTUATICN OF SRy NO.
OPENING PRESSULRE FOR ALTC. ACTUATICN CF SRV NC.
UPENING PRESSURE FOR ALTO. ACLTUATICN OF SRY NC.
CPENIANG PRESSURE FOR AUTO. ACTUAT ION OF SRY NO.
CPeNING PRESSURE FCR ALTC. ACTUATICN OF SRY NC.
OPENING PRESSURE FUR ALTU. ALTUATICH UF SRV NO. 10
CPENIAG PPESSURE FOUR AUTC. ACTUATION OF SRY NO. 11
OPENING PRESSURD FCR AUTC. ACTUATICN OF SRV NO. 12
OPENING PRESSLRE FOR ALTC. ACTUATICN CF SRY NC. 13

-
CRENP PP AN WRN = BN P L -

AU. SEVS THAT STICK OPEN AT TIME TS0RV

DELTA P IRV - Dw PRESS.) REQD. TC WOLD SKHV CPEN

CELTA P (RV - Uw PRESS.) REQD. FUR CLOSED SRV TL CPEN

CwW PRESS AEUVE wHICH B MANUALLY OPENED SRV OR CNE OPENED BY ADS WiLlL FAIL CLCSED
TAME AT wHICH CNE CR PCRE SARVS STICK CPEN

PRIMARY COUNTAINMENT SYSTEM SUMMARY

100€0C0.0
LEQD.
1000C09.
1coococ.

UW PRESS. AT WHiCH CPER. INIT. VENTING TO SGT SYs.
TIME AT WHICH DPERATORS BEGIN PCCL CCCLING

TIME CPERATUR TRIP ORYWLLL LOOLERS

TIME CPEMATOA RESTART CRYWELL LLOLERS

el



Table B.> (continued)

LNAML

ALIP=  23s.C(CCCC +ACOR= 137.0CC000 »ALPET=  18700.0000 +AC50VR=  [.COCOCOCO +vALEAKCs Q.COCCOCCOOE*CC APPETS
17000.0000 sAKT= 42, %0003 sASSPws  1CEBC.CCOO yATWSF= 0.000000000E400,BCuC0= 2800.00000 +BOWSPCs  ZS5CO.CCCCC .
BM=  20.0000C00 JEREPCe  2.50000000 vERERP= 22.19699e¢% +BSPUNCE  2CCC.CCCOC yESUNF=  50.0000000 oCUPETS

97130, CocC #LPMET=:  $55300.0000 +CPREF=  3293.00000 +CP5T= 0,10000002¢ LPC=  3293.CCC00 +DALEAK= 0.CCCOCO000EC00,
OM=  29000.0C00 fUMIN= C.199959588 sUTHWHL= 404.C0C0CO +OIS= 21.1999989 «L2v=  35.0000000 +ERMRR= C.e433CCCC20 .
FRLASHS O 99599993 1E~08,FFuel= 0.1999999966-01,FInTIM= 1CHCC. 0CCO FLUNG® 0.311999990E-07,FLSPG* 0. 100CCO00RE-0T,FTISTARS
3400.00000 sHLIC=  539,0000C0 SHCST=  58,.0000000 JHPCIMX=  694.186992 WEREF=  522.000000 WHSCSF=  1€.1995585 .
HIRHRF=  15,6000004 yHULWC = 2C.CCCCCCC YHUMORO=  20.0000000 +HUFSPOs  100.000V0G WHO=  38l6.000C0 L
1.55200005 WH25=0.2516999R4E-0L, JETPRP= € CCCCCOUOVE*O0MCRDCH= 0,44 T0CCCCAE~QL 4KCROTYVS 0.507000014E-0LKPTE= 0,.1000000166~01,
KSu* 0.51%7CCCH5E~-C3,LBASF+ ~-4.0000C000 fLECT= 24.8500081 sLOCk=  27.5P0GO1LN +LOCSET= Se0.cCCCCCC +LDCO=

23.6699382 JLMEDER=  23,39999)39 +LHPIN= & 76.C00000 sLHPREIN=  490.C00000 JLEVNT=  540.000C°C WLrP I

582.000000 WP I 613.500000 sLLPIT=  SE7.CCCCOC PLOP=  5.57659992 vLRCIA=  4T76.500000 +LRCPIN:  S2¢.00C00C .
LRCMT= S/C.CCCCCO WLRC Y= S8£.000000 sLET= 10.u00000C +LRVADS= 412,.5C000C «LSPSS=  7.00CCCOCO LICRD =
5681.00000C oL TRUEC>  99,.000CC00 WMINT=  4770C0.000 «MRVST=  1500000.00 +NCS=  4.0C000000 oNLPCI*  &.CCCCCCCC .
NTRHR=  4.00000000 +UBRVD=  3000.00000 +OCBrL= e0.00CCOCO »ULCS=  1CCOCCO.00 »OOLPCE=  100C000.0C WUERVD"
9000.0000C +UHPFAN=  [150.00C000 WLHPT= 400.000000 +OKPTR= JTOCCCC.OC +LOCAP= 1C00CCO.CC +LCFIE= 1000CC0.00
00Tv=  10UGeC0.0C WUPCHAL=  6C.CCO0000 +CPCHSV=  60.0000C00 +URCMAN=  30.0000000 »CRCT=  LOCOOCC.CC +ORC TR
1000000.00 +ORLWL= 1COCO00Q.CC +»O580R=  10CCCCC.CO +CS5CRI=  1CeCCOC.0C +LSCS=  1000000.00 +OSCLEV=  3C0.CCCCCC .
USUPC=  LOOCOUWD.00 +USLPCE=s  LONUO00.00 »USSCRD=  1000000.00 +OSVMAN= ICC.CCCCCO «CTCBP=  120.000CC0 WCTCROP=
1occoce.cc sUTORL = 1C00000,00 PC= 1052.00000 s 1030.00000 + lCez2.CCOCC +» l0l4.COCCO « MC23.c0CCC [
1062 .00000 ¢ 1042,00000 +  1LSL.CCCCC v+ 1072.00000 +  1032.00000 » l0&6.00000 » l0s53.0c0CC .

10i5.00000 WPLLR=  5518.00000 »PULVWP= L. 75CC0CCC »POMOSYV=  2C.00CCCOC WPLWALS®  16.9499969 oFEFFIS

185, 00C00C SPERCT=  40.0000000 »PEPCSV>  110.000000 PHPIN=  16.5C0C00C PHPIS=  115.00CCCC WPICwys

1000000.00 P0*  1115.00000 + LllB.CCCCC v 1120.00000 + L125.00C00 v ll2e.CCOCO »  ll13C.Cccce .
1131.00000 »  1135,00000 ¢+ lids.cCCO0 » Llsg.CCCOC +» 1lls4l.CC0CO +»  L145,.00000 » Ll&7.00000 WPRATELS
1120.0cC00¢C SPRLES®T  #5.0000000 +PRELR® 0.31999999) oPRR=  102C.CCCCO WPTONGE-  15.6599998 PIRCRC"  16.9459989 .
COdLR= 1389.000C0 WPISPLO= 14, 35CU0000 «PVLPL= «80.000000 WPVLPIVE  4BO.CCOCDO »PVTUMC=  &eS.CCCCCC PO
1025.00000 odUPHLU=  &52.0CC000 sURVHLL= S&8.CO0COCC fROICHMX=  §3.3000031 +SEOFLE=  1.00000000 +SCVFLG»

0. 00000C000CE*00,TALWLI= 165.000000 +TEASE=  v0.0000000 + TBGRHK= 18CC.COCCU +TBLFIN® 0.000000000€+00, TCFALL>

Jo.coococc +TUIESL= 1000COC.0C +TEFETO=  145.000000 +TFDWC=  200.000C00 +»1GUNC=  145.0CC0CO WIGSPCa

90.0000000 fTHPIs=  200.006GCCC IPRETCs  50,CCC0000 «TRCF=  190.000000 +TRCIS=  200.000000 #»TSLC=  dCCCCCC.CO .
TSLEIN= 100C000.CC +TSCUEN=  10.0000¢00 «TSURV=  (CCCCOC.Cu +TSTRATS 0.CCCCLECCOr+004TSHs  95.0000000 DAL T £

100. 00C00C ofC=  30.0C00000 sUALNVE  33,0000000 sVANN=  1044.C0000 +VOIFF=  192.CCCCCO +VFREE= 13CCO.0C00 .
VDW= 1590CC.C0C sVIET=  SH, 3959919 WVELP= 2375.00000 +VREC*  11%0.00000 +¥SL=  1811.0000C W VESOP=  4434.69922 .

SEl

VISP=  267600.000 yYUVE=  1063.00000 sVLVZ=  2031.000CC WMOLEAK= O.6ACCCOCOT7 »WGUESS*  3578.00000 PWESLL=
0. 182600021 eWRATEU®  240.000000 JWREF:  S111.00060 sWEHRR= 1 389.0CCCC sRRNRSW=  £25.000000 WhSRR=  625.0C0C00 .
WIEMPO=  51.1459649 PWTCRCO=  T.897CC0027 vhmUNCs  143,399994 sXLi= 0.000000000€ +00,XL 2= #.000C0CC0 L 3=

17.5000000 P XLGx  32.£300048 s RLS=  35.EB0CCAY vALG6=  37.8800C49 WXLT=  44.0899963 oAREF= 0.133CCCOM8 +ORLUTCR=
=0e 999999975 -03,LL5T55= 0,000000000E+00,L TRIP=  490.000000 +NSOURVE 0,CrOCCCOCOESCC,POUCSY= $50.0000000 FCLPI=

16.9499965 PFOOP=  1CO.00CCCO FECWLs  1.2%199986 +FEOVUC=  3,0100002Y PHXOPCs  1.35000028 »PENCPC

1.100000 38 +TAUOKL= tDO.0CCO00
LEnD



Table B.5 (continued)

TIME PREL LOCVZ LYAR  LSMAD wiNJ B wWTOSY w510 LOGREL Tuiw LwSPAY  TwSPav  wECC
0.00 0.037 500.0 »01.3 426.) 0.0 1025.0 168, 0.0 [ 145.0 ~3.322 9%.: c.c
10,00 0.C35 «58.8 499,94 48,0 0.0 1064.3 60. 0.0 O. 145.4 =3.322 982 0.0
20,00 0,038 437.4 498, 4 421.9 0.0 1089.3 55. 0.0 0. 146.8 ~3.322 942 c.c
30.00 D.037 496.6 497.¢ 420.¢ 3.3 11157 50. 1.9 0. 149.1 ~3.322 94.2 0.C
$0.00 0.040 496.4 498.0 42442 43.3 1080 .4 197, 236.9 1. 152.3 ~3.268 94.9 0.0
SC.00 O.CAL 496.2 98,4 423,10 83.3  10%6.5 198, 232.)% 1. 15¢.2 ~3.212 948 c.c
60,00 0.035 495.3 497.9 «23.¢C P 1076.4 59, 1.7 C. 160 .6 ~3.19% 94,9 0.C
TO.00 0.086 4987 a5T.6 4272.4 3.3 10§9.1 St 1.8 [ 185.3 “3.193 94,9 0.0
82,00 C.CI% 496.3 «97.7 422.8 83.3  1101.% 182, 26h.2 1o 1691 -3.180 95.C 0.0
W0.00 0037 494,07 498,71 424, 83,31 4071.0 196. 235.4 1. 174.3 ~3.124 95.? c.C
100.00 0.035 494,35 498,49 425.8 1.5 1Ce0.2 9. 56.2 Ce 178.9 ~3.0718 95.8 0.0
110.00 0.C33 49¢.C 500.C 27,7 TIr.S  1087.5 90. 56.5 Ce 183.4 ~3.065% 95.7 0.0
120,00 0.037 496.9 502.1 428.7 1771.5 1018.0 10. 286.2 1. 188.0 ~3.057 95.17 c.C
130,00 0.036 498.2 504.9 432.4 P11.5 1C3.7 184, Z14.8 e 192.4 ~2.987 9s.1 0.C
140.00 0.036 499.5 508.5 435.7 177.5 G959 180. 265. 1 Le 196.9 ~2.924% 96.5 0.0
15C.C0 Q.C3¢ %00.8 5C8.6 439.C .S 959.3 17, 255.3 1. 2C1.2 ~2.063 9e.t c.C
160.00 0.036 502.3 511.0 442.¢ s $22.8 162. 265.5 te 205 .4 ~2.804 0.0
L70.00 0.035 504,01 2i0.6 6464 .S €86.6 154, 235.8 1. 209.5% “2.148 o.¢
I18C. 00 0.C3% 506.1 516.4 450.4 ne.s 851.0 146. 226.4 L 213.% ~2.4694 0.0
190,00 0,635 08,2 519.4 454.5 m2.5 816.0 139, 2171 1. 217.3 ~2.642 €.C
200.00 0.0%6 510.6 322.6 458.8 1.5 T6L.9 132. “3.7 [ 220.9 -2.592 0.0
210.00 0.C30 512.8 525.3 46l.i .S 187.1 4. 43.8 0. 224.4 ~2.582 0.0
220,00 0,030 %515.9 528.9 463.9 mr.s 185.4 27. “3.7 0. 221.1 -2.912 c.C
230,00 0.0 S18.4 532.0 4a7.1 17.5 162.2 25, 43.6 0. 230.9 ~2.563 C.C
240,00 0,029 %22.1 S36.1 4l0.7 7.5 T18.6 19. 43.4 c. 233.9 ~2.9%)3 0.0
250.00 0.029 525.0 $39.% 473,94 .S 173.0 15. 43.2 0. 236.8 ~2.9%42 [N 4
260,00 0.020 525.8 540.8 &75.¢ 83.2 113.1 2. 5.8 C. 219.6 ~2.561 G.C
270,00 0.028 527.1 542.5 476.8 83.3 173.8 3. 5.8 0. 242.2 ~2.%540 0.0
280,00 0.Cc8 S28.C 563.4 478, 83,3 174.1 2. 5.8 0. 244,10 ~2.939 0.0
290,00 0.028 529.0 5.5.0 479.3 #3.13 114.4 2. 5.8 0. 247.0 ~2.531 c.C
300,00 0,027 929.9 S406.) 480.5 #3.3 174.5 2. 5.8 0. 249.3 ~2.536 0.0
310.00 C.Ce? %3C.8 7.5 48lL.b B33 114 .6 2. 5.8 0. 251.9 ~2.53% 0.0
320.00 0.027 S31.8 548.7 483.0 83.3 1746 2. 5.8 0. 253.5 ~2.57)3 c.C
330,00 0.027 S32.7 549.9 4né.1 83.3 114.5 2. 5.8 0. 255 .4 ~2.532 0.¢
340,00 0,026 S33.6 550.1 &85,.3 #3.3 174.3 2. S.8 c. 251.3 ~2.931 0.0
350.00 0.02€ %34.6 552,73 486, 4 83.3 174.0 1. 5.8 0. 2%9.C =2.%53¢C c.C
360,00 0.026 $135.5 954.5 487.6 #3.3 1.6 t 5.8 O. 260.17 -2.528 0.C
370,00 0.026 $36.4 54,1 488,10 #3.9 1.2 Ve 5.8 C. 2624.1 =251 0.0
380,00 0.026 537.4 555,97 489,48 #3.9 172.3 0. 5.8 0. 263,80 ~2.52¢ 0.0
390,00 0.026 53d.3 557.0 491.¢L 83.) 1.2 0. S.8 0. 26%.2 ~2.524 G.C
$00.00 0.026 539.5 558.2 492.1 43! 170.2 C. 5.8 0. 266.5 ~2.523 0.0
410,00 0.C2% 560.3 559.4 493.2 83.3% 169.2 0. 5.8 0. 261.¢ -2.%22 0.0
420,00 6.C2% S41.) 560.6 49%.3 83,3 Ten.2 0. 5.8 0. 269.0 =-2.521 €.C
430.00 0.025 542.3 561.8 495.5 83,13 167.3 C. 5.8 0. 270.1 ~2.519 0.cC
440.00 0.02% 563.3 563.1 496.6 83.3 Tob .4 0. 5.8 C. 271.1 ~2.518 0.0
450,00 0.02% 944,53 564,10 497,97 83,3 165.5 0. 5.8 0. 212.1 ~2.511 c.c
460.00 0.029% 545.4 565.% 494.8 9.1 Tea.? 0. 5.5 0. 213.1 -2.515 c.c
G70.00 0,026 566.4 5686,.8 499.§ 9.1 Tes.C 0. 5.5 C. 274.C 2. 514 0.0
ABC.00 O.026 547,95 568,.C 501.0 9.1 T63 .4 0. 5.9 0. 274.8 ~2.513 0.0
490,00 0,026 568.7 %69.4 502.1 9.1 163.0 0. 5.5 0. 275.6 2512 0.C
$500.00 0.02¢ $49.7 370.5 S03.1 0.0 163,17 0. 0.C 0. 276.3 “2.511 c.e
510.00 0.C24 55C.% 371.4 503.7 0.0 T6%.8 0. G.0 0. 211.¢ ~2.511 0.0
520,00 0,023 %51.73 572.2 504.4 0.0 T67.8 e 0.0 0. 21140 -2.511 c.C
530,00 0,023 552.0 573.C 505.C 0.C T165.9 0. 0.0 0. 278.3 =2.511 C.C
$60.00 0.023 552.8 573.8 505.6 0.0 1.5 0. 0.0 0. 218.5 -2.511 0.0
550,00 0.023 553.5 S574.6 S06.2 0.0 3.8 0. 0.0 0. 219.4 -2.511 u.r
560,00 0,023 554.2 575.4 S506.8 C.C 115.8 0. 0.0 0. 2719.9 =2.51) 0.C
ST0.00 0.02% $54.9 576.1 507.4 0.0 1M7.6 0. 0.0 C. 28C.4 24511 0.0
SR0.00 ©.C23 %55.4 576.7 507.8 0.0 1191 [ 0.0 0. 280,80 =2.911 0.0

9€1



TINE

$90.00
600.00
610.00
620.00
630.00
640,00
65C.00
¢6d.00
670.00
668C.C0
690.00
700.00
T10.00
720.00
730.00
140.00
150.00
T.0.00
170.00
78C.CO
190.00
800.00
8i10.00
820.00
43%0.00
840,00
450,00
860.00
ar0.00

890.00
900.00
910.00
920.00
930.00
940.00
950.00
960.00
970.00
940, 00
990.00
1000.00
1010.00
1020.00
1630.00
1040.00
1050C.00
1060.00
1o70.00
108C. 0O
1090.00
1100.00
tLi0.00
1120.00
1130,00
11490.00
1150.00
1160.C0

PREL

0.0213
G029
0.C2¢
0.C22
0.02¢
0.022
0.C22
0.022
0.022
0.c22
0.021
D.021
0.C21
0.4621
0,021
g.021
0.€21
0.021
.21
G.C21
c.021
0.020
G.C2C
0.620
0.020
0.020
0.020
0.020
0.020
o.c2¢0
0.020
0.020
0.C2C
0.C20
v.020
0.020
0.G20
0.019
0.0y
0.Ciy
0.619
0.019
0.C19
0.019
0.019
0.049
O.C1y
0.019
0.019
0.C19
0.C19
V019
c.C19
0.01v
0.024
0.021
0.020
0.020

Leev
$5e.3
557.1
$57.9
558.7
559.5
560.4
S6l1.2
562.0
562 .8
S563.0
f64.3
565.0
565.7
Sée. o
567.0
567.6
S68.1
S68.7
569.2
569.17
£70.1
570.6
5Tial
S71.%
571.9
S5Te.4
S12.¢
573.2
S13.7
LRLTYY
574.5
S574.9
$75.3
518,17
516.2
Ste.6
$77.0
SIT.4
S77.8
518.2
“re.7
219.1
5719.5
S19.9
580.3
80.8
s81.2
581.6
582.0
582.4
582.9
583.3
S#3.17
Se4.1
584.1
546.3
s8¢e.2
585.0

LYar

Sit.¢
S78.5%
S5i9.%
280, 1
580.9
BL.N
582.6
5¢3.4
584,72
984.9
585.¢
586,13
586.5
287.4
s88.0
588.0
588.¢C
588.C
588.0
3288.C
Sea.c
SR8 .0
S88.0C
sé8.C
S88.C
S88.0C
588.C
568.0
ELL N
HH8.0
Sud. 0
S8R.0
S88,0
368, C
288.C
588.0
568, C

S48.0

LSHRE
508.4
S09%.¢
509.¢
510.2
510.7
Si1.3
Si1.#
S12.3
S12.8
Si3.¢
Si3.¢
S513.9
Si6.¢
Slée.e
Sla.e
5is.8
515.C
515.1
515.1
S515.2
515.2
515.3
515.3
515.3
515.3
S51%.2
$15.2
515.2
S15.2
515.1
515.1
515.1
515.0
S15.¢C
514.5
514 .9
514.9
Sle.t
S1e.8
514.7
LI
Sl4.6
S16.06
S16.6
514.5%
S14.%
Sl6.4
514.4
Sle.4
S516.3
Si4.2
Slé.z
516.2
S14.2

? 518.C

520.4
520.1
520.3
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ano
.« %
o

G.0

oco
D
con

0.0
0.c
0.0
.0
c.cC

L4
18l.06
183.9
T86.1
T8e.4
150.8
793.5
196 .5
9%.8
EC b
BO7.5
Bll.9
Elb. 4
821 .2
B26.3
#31.5
836.9
84: .5
LT |
£53.9
859.7
L.t
671.5
B77.4
LLFY
E8i.4
B899 .4
9C1 .4
9C1.5
9i3.5
9.5
925.5
$31.5%
vil.e
Y446
54%.¢
955.6
961.5
961.5
973.5
979.5
G85.4
S51.4
997.3

1003.)
10C9.2
1015.2
1021 .1
1c27.0
163¢.9
103s.8
10447
105¢.6
10%6.5
1062.4
1eco.0
EL TN
975.8
S68.5

Table B.5 (continued)

wrosy
C.

wsTC

NoOoooCon0ONn0
R

-R-R-R-R-E-N-N-R-N-N-8-J

ocon
..
coe

oco
)
ooe

on
. .
co

0.0
c.c
0.0
0.0
.0
c.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
G.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
c.c
0.0
0.0
c.0
¢.0
0.0
0.0
c.0
0.0
0.0
c.0
()
216.7
2C5.9
203.7
202.7
201.8

LOGREL

150w
281.2
281,86

LuSPAY
=2.511
=~2.511
=2.511
-2.511
-2.511
=2.511
“2.511
~2.511
~2.511
~2.%11
~2.511
-2.511
~2.511
~2.511
~2.511
=2.511
=2.511
~2.51)
~2.511
-2 51
=2.511
“2.511
~2.512
~2.512
~2.512
~2.512
~2.512
-2.512
~2.512
~2.512
-2.%12
~2.512
~2.912
-2.502
~2.512
-2.512
~2.%912
-2.512
~2.512
-2.512
-2.512
-2.512
~2.%12
~2.512
~2.512
~2.512
~2.5%512
~2.512
~2.%12
=2.512
~2.512
~2.512
-2.512
~2.512
~2.401
~2.413
~2.364
-2.318

TusSPay

Se.&
98.8
se.8
Se. ¢
98 .8
98.8
L
98.¢
98.8
98.¢
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TinE
1 0.00
L180.00
LL9C.00
1200.00
i¢10.00
1220.00
123C.00
12460.00
1250.00
eet.0o
1270.00
12a0.00
1290.06
1300.00
1310.00
1320.00
13%0.00
1340.00
1350.00
1380.00
1370.00
1380.00C
41390, 00
1400.00
410,00
1420.00
130,00
14460.00
1450.00
1460.C0
1470,00
LeB0.00
1490. 00
15C09.00
1%10.00
120,00
1530,00
L>40.00
1550.00
1560.00
12 710.00
1580.00
15%¢c.co
1600, 00
1610.00
1620.00
10 30.00
16460.00
165%06.00
1860,.C0
1670.00
1680,00
‘69C. 00
1700,060
1710.00
ir20.00
L730,.00
L140.00

PREL

Q.¢20
0.020
L.C2¢
Q.Ce
U.020
0.C20
0.020
v.020
0.020
0.C20
0.017
0.017
G.C17
0.917
C.018
0.0LK
O.018
G.01w
0.018
g.CL18
0.018
D.Cle
0.CLe
d.017
0.01L7
0.017
0.017
c.oL?
0.0L7
C.CL7
0.022
V.020
QalClw
0.C1%
0.0
D019
G.Ch9
0.018
0.016
N.ClE
O.01R
0.010
O.ClE
g.018
0.018
C.0le
0.016
0.01e
U.0ls
U.Cle
0.018
0.0Le
0.Cle
0.Clé
0018
G018
0.01¢
0.016

Lecwe
583.2
S8l.l
578.5%
“re.7
S14.0
57des
S10.3
S68.2
See.1
S6%.1
562.5
260 .6
5%e.9
$57.8
557.1
5%6.7
55¢6.5
$56.5
56.5
She.?
“56.8
557.1
£57.13
£57.¢
557.9
558.3
538,06
558.9
259.3%
959.6
S6C. .
S61.3
S6l.2
£59.9
958.1
556.1
$54.0
5.9
549.8
Sel.7
545,17
943.8
541.9
$40G.C
5%4.6
537.1
€3s.¢8
534.9
S534.%
Y34, 1
533.9
583.9
S33.9
$34.0
534.1
$36.2
Si4.4
S34.0

LYAR

588,.¢
288.0
S48, 0
S88.C
288.0
88,0
S¢8,.C
287.4
Su5.4
583,85
S8l.4
279.1%
517,
§75.5
575.0
STa.s
574. 1
513.5
273.8
973.0
$73.8
273.9
S14.0
574,202
Sia.s
sle.5
574.17
STe.9
$75.1
aT5.4
517.17
278.6
ST18.17
511.¢
Ste.L
57641
$12.7
510.2
ELL S
566, ?
Sb4.h
562.0
0, 8
359%.0
57,2
55%.5
$54.0
952.9
952.%
S51.m
551,59
2514
5%1.7
551.2
5%1.2
"2
5%1.1
S51.4

LSHRL
S519.4
S18.3
S17.1
515.5%
Sie.7
Si3.4
S12.2
Sii.C
509.8
S08.¢
506.2
S046.1
502.1
500.1
“99.7
LR L]
CE LI
497.5
“9T.8
“97.3
avl.d
“%6.9
4968
aun, 1
“96.6
4965
46,4
496,13
496,34
49 2
4% . 5
501,.3
S01.7
S5i'e2
500.3
499,
498,11
496,95
“9%.7
494t
4Ny 4
492.1
4.8
40
488.1
bt .4
P
483.¢
“yz.l
482.1
“Bl.5
4hl.t
4nd.d
4R0.5
LLIUNrS
480.0
are.E
arv.i
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SewwOOoOONNAn
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16,7
6.7
16,7
<0.8
2048
20.8
£0.8
20.8
iC. 8

P
G6l.4
993.5
945.8
V30,3
S30.9
923.0
Glo .4
9C9.4
SCL2.9
896 .2
Sis.7
S201.5%
934.4
948.0
58,7
Noh .6
2.1
Si9.1
S85.9
994 .4
$94.8

16C». ¢
oliat
11741
102s.1
10ev.0
1034 .8
1C&G. 0
1Cs6 .4
1052.1
G94.2
580.¢
971.9
Y63.56
§55.7
967,06
931,06
931.9
94 .3
Yol
GC9.2
9CL.9
H94 .6
Ebieh
SCH.7
918.0
vi8.6
S38.2
S67.C
955 .4
963.2
SIL.7
W71,
184.6
$61.1
997.5%
100s.6
10C9.5

Table 8.5 (continued)

wius?y
104,
108,
108,
106.
10%.
104,
104,
103,
LLM
9.
28.
21,
22.
18,
15.
13,
12.
10.
e
9.
LD

10.

Wit
200.9
199.8
198.6
197 .4
196.2

219.4
208.7
206.4
204.9
203.5
202.1
2CC. 6
199.1
197.5%
195.8
194.1
162.4
19C.8
189.2

LOGREL

Touw
283.7
203.1
2813.¢
283.8
283.6
203.5
203.9%
283.5
283.4
263.4
283.3
283.3
2083.2
283.1
283.1

18.50

ThsPay

1.2
100.5
1cC.¢
icia1
101.4
101.7
1c1.5
102.2
102.5
102.7
102.7
102.7
102.7
102.7
102.7

50 102.7

2.1
102.7
wa.r
102.7
ic2.7
2.7
102.7
1c2.17
102.7
102.7
102.1
102.7
102.1
102.17
103.¢C
103.3
1C3.¢
13,5
104.2
104.5
iCa. &
105.¢C
105.3
1CS.e
105.9
106.1
106.4
1Ce.1
106.7
106.7
1C6.2
106.7
106.7
106.7
10e.7
106.7
106.7
1ce.?
106.7
L1ce,. 7
1Ce.7
108.7

wECC

0.C
0.¢
0.0
c.c
0.C
0.0
c.C
0.¢
0.¢
°.°
0.C
0.0
0.0
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Time
17150,.00
iTe0.00
Lrre.o00
L780.00
17190.00
1800.00
i81C, 00
1820.00
1630.00
1840.00
145%0,00
1860.00
1870.00
188c.00
1890.00
1900.00
91C. 00
1920.00
1930.00
1940.00
19%0,00
1960.00
19710.00
1980.00
1990.00
2000.00
€010.C0
2020.00
2030.00
2060.00
2050,00
2060.00
£070.00
2080.00
2090.00
2100.00
2110.00
2120.00
2130.00
£140.00
2150.00
2169,00
2170.00
Zi18C.00
2190,00
£200,00
2210.00
2220.00
223%0.00
24240.00
2250.00
2260.00
22710.00
£2A0.00
2290.00
2300.00
<310.00
2320,00

PREL

D.016
G.01e
0.01s
0.Cl8
Ve0le
C.01s
C.Cle
O0.C1¢
Q.Gle
G.Cle
0.01e
Gedle
0.021
G.C21
0.018
0.018
Q.Cie
0.018
0.018
0.CLE
0.01%
.01
o.017
0.C17?
.07
0.017
C.Ci>
0.015
0.01%
0.CL5
0.C15
0.015
0.01%
C.C15%
0.01%
0.015%
C.Ci%
G.018
0015
O.CLY
0.C1%
0.015
0.C1%
C.CLS
D015
0.015%
0.C1S
0.015
0.01%
g.C18
0.41%
0.01%
0.01%
C.Cis
0.015
0.01%
0.CL%
0.01%

LbLw?
Sia.9
595.1
535.4
S35.1
536.0
536.3
S36.6
§37.0
537.3
537.7
s3e,.0
538.6
938.5
SeC.0
540.2
539.8
538.7
$31.2
535.6
$34.0
$32.4
530.8
529.2
$21.7
526.¢
Sea.
523.5
822.5
521.5%
520.8
520,86
520.5
520.%
s2C, ¢
520.7
520.9
S¢la il
521.4
S21.7
$22.C
S22.12
522.7
523.1
$23.4
523.8
$524.3
e,
£2%5.1
525.6
56.0
52¢. %
521.0
$27.5
528.0
528.5
929.0
529.9
$3¢.0

LYAR

%51.0
$51.7
25 ..7
2%2. 1
252.1
352.%
252.8
$53.1
a53.2
Sa%.6
$53.9%
9%, 2
395.2
557.3
5 7.8
Ssr.7
956.17
255.4
256.C
952.%
851.0C
549,45
S48, 1
546, ¢
45,2
S543.8
S%2.13
S61.1
539.9
539.1
338, 4
238.0
23845
538,59
S3d. 6
S, 7
538.4
$39.¢C
539.7
539.5
$39.1
560.0
540,13
540, 7
s41.0
l.a
S4l.7
5472.1
942.5
263, 0
S43. 4
S43.8
344,13
S44.7
545.2
S45.7
946,/
S46. 7

LSHRL
47%.0
a9
a19.4
al9.4
479, 1
4719.3
“19,3
479,
ar9.4
“l9 .4
“79.5%
4719.¢
4ul.n
“85.¢
486.%
“n6.8
“E6.4
485, 8
485,
DL TN
4n3.e
482.5
“H2.1
“81.4
4uC. 1
480.0
4l8.c
“16.9
“7%.0
“r4.8
“l4,.0
4r3.e
“13.2
“13.C
“r12.1
“12.8
4745
“i12.4
472.3
472.3%
4r2.4
412.4
“12.5
“12.5
412.¢
“"2.8
472.9
“73.1
4r3.3
“r3.5
4737
473.5
“T6.2
“la. s
“rs.d
475.0
475,13
“15.¢

wiNi
2%.0
2%.C
25.C
2%.0
5.¢C
2%.0
9.2
9.2
29.2
29.2
29.2
29.2
13,3
3.3
33.?
33
33.3
331
371.5
37.5
3.5
ar.s
3.5
37.5
4l.t
“l.6
4l.6
“l.e
“l.t
“l.t
a3.3
43.3
LERS ]
LEPS |
43,3
53.2
83,3
53.1
83.3
#3.3
83.3
#3.)
43.3
#3.3
83.3
83.3
83.3
83.?
3.1
83.3
3.3
43.3
83.13
63.3
83.13
83.1
43,4
83.?

P
101%.2
€207
1Cén.1
1031.3
1C36.4
1C41.2
1046 .0
1050C.0
1€55.¢C
1059 .4
1065.0
1Cet.e
10Ce .0

967.5
956.1
G407
931.2
927.7
918.3
wes .7
B9,
ES0.C
€809
871.9
Ber.C
ES4.l
8r0.7
€82.C
£E92.0
S01.3
90446
Sit.e
924,17
931 .6
§38.1
Y44,
50 .3
99%.9
S61.9
966 .4
STL.3
S7o.0
980 .4
YEe T
See.7
$92.%
996.1
S99.0
1€02.8
100" .9
100847
10t
1013.9
1018.2
1CIe.4
1020,3
1022.1
1C23.17

Tabie 8.) (continued)
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224.8
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204.5
202.¢
201.0
199.2
197.5
195.3%
193.2
191.1
189.1
187.1
185.4
3.
3.2
3.2
3.3
3.3
6.7
6.7
6.7
6.8
6.8
6.9
6.9
6.9
1.0
1.0

T.1
1.1
.1
7.1
Ted

T.2
1.2
1.2
7.3
7.3
7.3
7.3
7.3
7.3
7.3
T.4

LOGREL
0.
0.
Ce
0.
0.
O
0.

1GOw
261.1
281.6
281.¢
281.¢
281.¢
281.¢
281.¢
281.5
281.5
281.5
281.5
281.5
281.5
281.¢
281.¢

LwSPav
=l.182
~1.183

~0.472

TuSPav

108,17

106.7

106.7

108.7

106.7
108.7

106.7

1Ce.0

106.1

106.7

1Ce.?

106.7

107.¢

icr.2
107.¢

107.9
1ce.2

1Ce.*

108.7
1€5.¢C
1CS.2
109.9%
109.8
11c.1
110.2
110,
iC.e
11c.¢
LiC.e
11c.8
1iC.¢
11C.¢
110.¢
11C.¢
LiC.e
110.6
1iC.¢
11C.¢
LHic.e
1.7
11c.?
1o0.7
L10.7
He.?
110.7
10,7
ne.7
11c.?
c.y
e
i
Le.?
110.8
iic.¢
110.8
Li0.8
110.8
11C.¢

wECC
c.C
c.C
0.C
0.cC
c.c
0.0
0.¢
c.C
c.0
0.0
c.C
e.cC
o.c
0.¢
0.c
0.0
0.0
c.c
c.0
0.C
c.C
c.C
0.c
0.cC
c.C
0.0
0.0
c.c
0.0
0.0
c.C
0.
0.0
C.C
0.C
6.c
o'o
c.c
0.0
0.C
c.c
o.C
0.0
c.C
c.c
0.0
c.C
C.C
0.0
0.0
c.C
c.C
0.0
Cev
c.C
0.0
0.0
e.c

6E1



Time
24330.00
£340.00
2350.00
4300.0C0
2370.00
2380.00
£390.00
2400.00
2410.00
2420.00
2430.C0
£440.00
2450.00
24060,C0
2670,00
2%80.00
£69C.00
2500.00
2%10.00
£%20.00
2530.00
2540.00
25%0.00
£560.00
2570.00
2580.00
2590.00
2600,00
2610.00
2620.00
2630, 00
2640.00
2650.00
660,00
670,00
2680.00
2690.00
2100.00
2710.00
2120.00
«7130,.00
2740.00
215%0.00
27160.00
2170,00
£180.00
£7190.00
2800 ,00
2810.00
282100
2830.00
2840.00
2850.00
860,00
2870.00
2880.00
4890.00
2900.00

PREL

C.Ci5
0.C1%
C.01%
GaCiS
0.01%
0.015
0.015%
0.015%
0.015
0.015%
0.C1L5
0.C15
0.015
0.C1S
J.015
0.015%
0.015%
0.015
0,016
0.016
C.C15
0.5
0.01%
C.C1%
c.C15
U.015
G.015
.05
0.015%
0.015
0.CL5
0.0
0.015
C.CLS
0.015%
0.015
0.01%
0.015%
0.015%
0.015
0.C15
0.015
0.01%
0.C15
0.01%
UPLISS
0.CL5
0.015
0.016
0.014
O.C14
G.0le
0.014
0.C14
V014
0.014
0.Cl4
0.Cl4

Locve
$3C.e
531.1
S3L.?
53442
532.8
533.4
534.0
$34.8
53%.2
535.8
£36.9
$37.1
S31.7
S38.4
$3%9.C
S89.7
540.3
S4i1.C
S6l.7
542.%
563, 2
563.9
S44.17
549.5%
$46.3
S67.!
$48.0C
Sel.8
569.7
550.%
994.3
552.2
553.0
553.5
£54.0
554.5
$35%.0
£55.4
555.9
556.5
557.1
55717
558.2
558.8
559.3
559.8
560.4
S61.0
S6l.4
S61.9
S6l.4
96249
S563.13
$63.8
S64.2
S04 .6
565.C
£63.4

LYAR

SeTl.2
547.17
S48.13
seB. 8
549.4
549.9
$50.5
3.1
$51.7
552.3
$73.0
$53.¢
56,2
554.9
255. "
596.2
5%6.4
§57.%
938. 7
299.0
259.4
560.6
S6l.4
962.2
563.1
264.9
S64.5
565. 17
286, ¢
967.4
568, 3
569,2
370.0
570.5
s71.C
STL.4
Slien
$712.1%
sl2.8
573.3
739
ST14.4
2149
575.4
575.5
ST6.4
6.8
ST, &
5.7.8
278, 2
578, ¢
5719.C
ar9.4
519.7
380.C
580.4
580.17
961.0

LSHRL
476.0
476.3%
“l6.7
arr.0Q
4717.5
ar7.s
478.3
TR L]
“79.2
“79.6
«80.1
4n0.t
h8l.l
“81.8
“nz.1
482.7
LLE P
CLEPS
LLE
485.1
485,68
486.5
487.2
“RT.N
LLE Y
“B9.8
490.0
4.8
491.%
“92.2
493.0
493.7
LR
494,17
495.C
a95.8
“95.86
495, 8
LELTRY
496,95
“96. ¢
497.1
497 .4
9T,
49%.0
498, 3
L L
498, ¢
499.0
4.2
499.4
499, ¢
499.7
499.9
500.C
son.1
$00.1
500.2

wing
#3.3
83.13
3.2
#3.%
583.3
83.)
B3.3
83.3
833
Bi.3
#3.3
83.3
833
83.%
43.3
83.3
83.3
83.3
v3.}
#3.3
83.3
83. 13
83.3
#3.3
833
83.13
H3.3
9.1
759.1
79.1
9.1
5.1
9.1
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oo

o
PR
o

CP\OOOOOO‘QQOGOOOO
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ococ

P
1025.2
1026.4
1027.5
1628 .4
1027.1
1€29.7
1030.2
1030,
1C30.0
1C3u.e
L0 .4
1€3¢C.)
1029.6
ues .9
1028.2
1027.3
1026.3
1026 .6
1022.3
1C20.0
1017.8
1cis.s
1Ci3.5
LOLL .4
1009.4
1cci.«
1005.6
1004 .0
10C2.4
icec.8

994.1
$51.4
59%.6
§97.2
G999.0
1CC0.9
10027
1004 .2
1€C5%.9
1CC8.1
1010.2
1C12.2
101%.2
101643
1c1a.5
1021.0
1023.¢6
1026.6
1029.7
1032.9
1036 .4
1400
1C43.7
1047 .0
1€51.5
1€5%.6
1059 .8
1064.0

Table 8.5 (continued)

wiost

wSTO

LOGREL

Telw
282.¢C
282.1
202.1
282,11
282.1
282.1
282.2
282.2
282.2
202.2
28242
282.3
282.3
282.2
282.3
282 .4
2F2.4
282.4
282 .4
282.5
282.°%
282.5
282.5
282.¢
282.6
282.6
282.¢
202.7
282.7
282.17
82,8
282.8
282.8
282.9
282.9
282.9
282.9
283.0
283.0
283.C
283.1
283.1
283.1
283.2
283.2
283.2
2€83.3
283.3
283.3
283.4
282.4
283 .4
2683.5
283.9%
z"ts
283.6
283.¢
283.¢

PILNG
18,07
18.717
18.77
18,78
is.78
a.719
18.79
18.80
15.80

LuSPay
~0.471
=0.47C
~0.468
“C.487
~0.405%
~0.463
~L.462
~0.46C
-0.458
~0.457
~0.455%
~0 .45
~0.452
-0.45C
~0.44%
0447
“0.4048
“0.444
~0.442
0,441
~0.439
~0.438
~0.436
~0.434
-0.433
~0.431
“ve.43C
~0.428
~0.427
~0.425%
~0.424
~0.422
~0.420
~U.420
~0.42C
~0.424
“0.421
~0.421
~0.421
~0.421
~0.421
“0.421
~0.421
~0.421
~0.421
“0.421
~0.421
~0.421
“0.421
-0.421
~C.421
~0.421
~0.421
-0.421
~0.421
~0.421
~C.421
-0.421

TuSkay
Li10.8
1ic.¢e
ilo.8
1c.e
11C.¢
110.¢

tii.c
1ii.c

wECC

0.C
c.C
0.0
0.0
c.C
C.C
0.C
c.C
o.C
0.0
0.¢
C.C
0.0
Q.C
c.c
Q.C
0.0
Lt
c.C
0.0
Vel
e.c
0.C
0.0
c.C
c.C
0.0
c.C
c.C
0.C
0.C
c.C
0.0
0.0
c.C
c.c
0.C
c.C
0.C
0.0
0.0
0.C
0.C
0.0
c.C
0.0
c.0
c.C
c.C
0.c
c.C
c.C
C.0
0.0
c.C
0.0
0.0
c.C

o1



Time
£910.00
2920.00
2930.00
2940.00
£950.00
2960.00
2970.00
£980.00
2990.00
3000.00C
3010.00
020,00
3030.C0
040,00
30%0.00
3060. 00
070,00
3080.00
3090.00
3100.00
L0400
3120.00
si3c.co
3140.00
3150.00
J1s60.00
3170.00
3180.00
3190.00
3200.00
3210.00
3220.00
3230.00
3240.00
3250.00
3260.00
3270.00
3280.00
3290.00
3 0.00
3210.00
3320.00
3330.00
3340.00
3350.00
336C.CO
3370.00
3380.00
3390.00
3400.00
3410.00
3420.00
3430.00
3460.00
3450.00
3460. 00
3470.00
3480.00

PREL

CoCle
0.014
0.C1%
0.018
O.Cle
0.018
0.Cte
C.Cle
O.C1e
G.015
G.CLS
0.01%
0.C1%
v.01%
C.01%
0.C1L5
0.C13
0.011%
O.0l3
0.C13
0.014
0.014
0.C1e
U.014
0.01%
0.C14
0.014
0.014
0.014
0.01%
0.014
0.Cl14
0.C14
0.Cl14
V.0ls
0.CLe
0.Cl14
U014
0.014
Gelile
0.014
0.014
0.Cie
0.018
C.015
0.C15
0.C15
0.015
0.015%
0.015
0.015
0.0%5
0.C1%
0.015
0.015%
O.CLS
0.C13
0.013

LbCve
565.8
See.2
Set. 3
566.4
S¢e.2
Ses.T
562.8
560,17
558.95
55643
554.1
5%52.0
549.9
S47.8
565.8
S43.8
$42.5
S541.4
540.3
$39.4
$36.4
538.5
$38.3
538.2
S538.1
S38.4
$3€8.2
538.3
S38.4
538,95
538.6
S3B.8
539.¢C
539.1
539.3%
$39.5
€39.7
539.9
$540.¢
540.4
540.6
540.9
S54C. %
S41.2
S60.7
$39.5
$37.8
535.9
S534.1
522.3
530.5
528.7
s271.0
525.2
523%.0
52449
$20.8
$2G.1

LYAR

S8l 2
W1, 5
S83.0
543.4
383.5
382.2
80.6
578,17
ST6.1
3T4.T7
2.7
510.7
568.8
S¢e. 2
564.9
563,10
S6l.%
960.7
HS8. 8
557.€
597.1
9%56.6
556. 2
5%6.1
555.9
555.8
555. ¢
59%5.8
555.8
595, 8
§955.9
956.0
256, 1
556.2
5%6. %
556.4
556, 5
556.7
556. 8
556.4
557.1
557.%
558.2
358.9
58.n
557.6
556. 1
556 .4
252.5
551. 1
249. 4
S4T.7
546. 1
544, 5
962.9
S4l.3
939.9
539.1

LSHRL
500.3
500.3
$03.1
504.8
50%.0
504, 4
$03.5
502 .n
5013
$00.1
“¥19.0
497.8
4.7
495, ¢
44,5
4984
ail.t
“90.2
“88.9
“ar,.e
LU
486.3
LLL I
“n5. 4
485.0
LT
LLLT
48410
LLL Y
ELEDS ]
483,10
LLE N
483.5
483.4
LU
“83.2
LLERS)
“83.0
“82.9
4R2.5
“B2.8
487.8
LLA T
486.9
“nT.1
“86,.7
“86.0
485.1
LL L
LLE Y
482.5
4H1.6
430,17
479,95
“19.0
“78.¢
“l16.17
“rs5.1
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1068 .13
1027
1CC9.8

Y99.1
S89.6
980.2
LRI ]
wileb
Gh4.4
GedeS
‘36 .8
%26.3
S17.9
§09.48
SCl.s
093 .4
$08.9
Sli.3
R R
LR
G44.53
951.5
954.3
Ge4.8
Sl
1.2
Ger.1
GEd.e
994 .4
999.9
100%.2
1C10.%
1015.7
102u.7
102%.8
1030.7
103%.06
1C40. 4
1045.1
10&4.8
1054.5
105941
999.9
SeL.7
GT1.4
¥62.0
592.17
S43.2
G33.4
923.8
S16.2
GC4 .0
899,06
EB6.5
B77.3
B60.4
E83.0
€93.2

Table B.5 (continued)

wiesy
“.
“.
149,
ar.
lie.
123.
125,
126.
126.
126,
123,
123,
121,
1"ne.
8.
ll'.
22.

wSTC
.0
222.4
211.0
208.4
207.9
206.4
2C%.8
203..
201.5
199.
197.1
196.2
194.3
192.5
19¢c.7
0.0
0.0
c.0
0.0
0.0
c.0
2.0
0.0
2.0
0.0
0.0
0.0
C.0
0.0
0.0
0.¢
0.0
0.0
0.0
.0
0.0
0.0
c.0
c.0
0.0
.0
220.1
209.8
206.6
204.8
203.2
201.5
201.1
199.2
197.0
194.9
192.8
190.7
189.0
187.0

LOGREL
c.
1.
1.
1.
1.
1.
ie
1.
bs
1.
1.
le
1.
1.

Thiw
283.17
283.7
283.8
283.9
283.9
284.0
FLLTSY
284,42
284.2
264.3
284.4
284.4
284.%
284.6
284,86
284,11
2847
284.8
284,68
284.8
284.9
284,59
284,.9
284.9
285.C
285.¢C
285%.0
285.1
28%.1
285.1
285.2
28%.2
285.2
285.2
285.3
285.3
285.3
285 .4
285.4
285 .4
285%.5
285.5
285.¢

PTCwi
15.01
15.01
19.02
L9.0%
15.r2
19.04
19.05%
19.Ce
19.0e
19.07
19.0¢
19.09
15.1C
19.10
19.11
19.102
19.12
19.13
19.13
19.14
19.14
19.15
19.15%
19.1e
19.16
19.17
19.17
19.17
19.18
19.18
19.19
9.9
15.2¢
19.20
19.21
19.21
19.21
19.22
19.22
19.23
19.23
19.24
19.24
19.25
19.26
19.27
19.28
19.29
19.29
19.3%0
19.31
19.32
19.33
19.33
19.34
19.35
19.38
19.3¢6

LwsSPav
-0.421
~0.421
~0.370
-0.320
=C.270
-0.221
“Q.072
=C.123
-0.C7%
~0.027

o.c2c
0.067
0.113
0.15%
0.20%
0.265
0.249
0.249
0.249
0.248
0.249
0.249
G.245%
0.249
0.249
C.249
0.245
0.249
0.248
0.249
0.249
0.249
Ua249
O.249
0.249
0,245
0.245
0.249
0.245
0.249
0.249
0.249
0.299
0.349
0.398
C.448
0.494
0.542
0.5869
0.63¢
0.082
0.728
0.774
0.819
0.863
o.s08
0.9ce
0.908

TusPav

1i.c
1h.c
.
til.e
1i.s
112.2
Liz.s
112.¢
130
i13.3
1136
3.9
Lisad
114.4
Lis.t
14,9
114,68
L14.5
14,5
114.5
114,59
Lis.9
114.5
114.9
114.9
114.9
114.5
114,58
Lis.S
114.5
114,58
Lis.8
114,59
114.9
114.9
114.9
114,58
a5
11s.9
114,58
114,56
Lis.9
115.2
115.5
iis.e
116.1
l1ie.4
Lie,.¢
11e.5
r.z
1r.s
7.7
118.¢
118.2
118.5
118.8
L1E.E
Lig.e

wWECC

0.0
c.C
0.C
0.0
c.C
c.c
0.c
c.0
€.c
0.0
0.C
0.0
¢.e
C.C
0.0
92.C
c.C
c.c
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Table B.5 (continued)

Time PREL  LLLVI LYAR LSHRL wing > wiGsSy usTC LOGREL ToOm LAIS LusPAy  TasPav RECC

3490.00 0,013 519.6 538,22 474.6 20.8 wGZ.6 20. 1.7 0. 286.6 19.37 0.509 11é&.¢ c.C

3500.0C 0.013 SL8.9 537.7 &73.9 63.3 Sit.0 21. 6.7 0. 286.6 19.37 0.909 118.8 e.c

3510.00 0.0403 S18.8 537.4 473 .6 63.3 wis.s 20. 6.7 Ce 286.¢ 19.38 0.91: 118,82 .0

3520,00 0,013 SLR.7 537.1 473.0C 83.3 925.7 19. &.8 O 286.7 19.38 0.912 c.C

3530.00 0.013 S518.7 537.¢2 402410 83.3 §32.% 18, 6.8 0. 286.7 19.39 n.814 c.C

3540.00 0.0L3 S18.7 537.2 4712.4 #3.3 38,9 ir. 6.8 0. 286,17 19.39 0.915 0.¢C

3$59C.20 Q.C1Y S1e.9 537.2 &472.2 #3.3 945.0 6. 6.9 0. 286.1 19.4C 0.511 e.0

3560,00 0.C13 519.0 537.7% &02.C 4313 $5C.9 16. 6.9 0. 286.8 19.40 0.918 0.C

3570.00 0.0L3 319.2 537.6 &71.9 43.3 9%6.5 15. 6.9 0. 286.8 19.40 0.920 0.C

3580.00 0.Ch3 S19.6 537.5 471.» LEDRS | Jol.8 15. 1.0 U. 28e.t 19.41 c.521 o.c

390,00 0,013 S19.e 537,70 &Nl 43.2 Je6.9 16, 1.0 0. 28¢6.9 19.41 0.92% 118.8 c.C
wevwaserenesLEBIE PRINGIOUT ~oveesenecen TIME~ 3e0C.u0
LNURYL
81=  1,00000C%0 sCAVE D.31345TE4TE-OLCAVE" « 0.626915693E-01,CAV0= 0.108703494 +CMDC=  29423,.3%20 +CMHEC=  SesBCal.CC ’
CMHLPe ~59344938.00 vCMLPs -68S5T.11328 WLMETx ~2964.98242 fCMTCT=  1T7433.9414 JLUNTC= -3080276.00 sLELK I

20.9279185 sUMFa D T59271344E-01UMST=  6.802790064 WUPO0= 0.4T04B4TCE JOUMTO=  Ble9.58848 WOVST=-0.63802081) P EQX=

0. 0CCOCCOGLE*COFRECIR" D,986998286 WHE=  538,069330 oHFU=  S537.879395 oHG=  1192.88.8) sHINJINS  57.5964929% sHLP=
S17.161357 JHREL=  S527.4519C4 JHRECIR=  S33, 108496 WHSTs  1206.21460 +#WECCs 0.CCOCO00DDE*O0UKLOSSU= C.548E21823E-CT7,
LB 5.54489%20 WLELs  3.95861064829 JLACs  S.52650166 +LDC=  25.3238831 JLOLVZI=  S19.88647% JLINT= 27 .53904102 »
LUGREL® C.CCCCCOCOORSLCLUSSINT CoSUO549TTE-0l LS50 5.50552845 WLSCO=  6.46519089 WLSCH=  6.51541998 WL5C0
2473498 34 WMBe 24301.2187 JMCPINT«  &7700.C078 +MCPRY=  150000.000 WMUC=  24T7382.250 WMCLC=  Z17S8L.T%5C '
RlCs 126933232, yMEDCO= 117492100, WMHLPs  52400CCC.0 JMHLPO=  S8333408.0 +PLP= 101326.250 PRLPO=
108226.0C0 WHPLLE  L0949T7.457 WMSCe  AL681.5%409 WM5T=  19866.8555 WMSTC=  22035.26302 JPTCST= 1 76764.937 MICT =
151595.5%¢62 JMIDTC= | 34570, 750 JUPYO= 0.160855830 P ATL.838229 WPREL® 0.172393C926~01,PRELCs C.368555991¢6-C1,
PIsPG= 17.6682281 JHHOE=  &65.1539812 RHLBR=  28.26751781 +RHCDC= &T7.8715057 +REOF=  46.5447998 PRMOG
2.17409229 JRMCLP:  &7.6679687 JRHURELS 4 7,1428080 »RIVOe 0,.3310228%% fTALREC=  2133.43970 +TGlw> 286.093311 .
TinTe S&0, 704102 JTMIXE  Bl.40 76957 fIRys  519.1535809 JIRVO=  SI8.885742 fTLATE S41.1516110 JLACRYs  2.%52¢10215 .
UCIHVE  &.48990726 JUMTO=  22231312.0 WVOC=  S5l67.062891 PVOLPW=  2125.66724 WVSTe  9412.3710% fVSTO=  Sal2.Sed0e '
voTo=  9897.14082 JVSVST= U.6T3772526 PwBU=  26.5728148 +MBOO=  153.793¢16 owll=s  1226.01709 wRCI0"  1268.39%5%8 .
WCIG=  1235.70337 el I0=  3548.44019 JWLUNE= 0. 3957710040€6-01,WCRU* 0.0CUCOCOCO0E*CC,WELL> C.OCCOOCCCOESCOmEXPL
04000000000t +CU#FLOL= 0. CCCOCOCOCESCO,WFLLP= C.UCCCOUCCOE+O0,WINJ= 83.3000031 +MiNJAS* G.CCOCOD000ESCC, wPLL= 12.69¢ST78C .
WRECIR= 1192.95630 JMSSVE 0.000000000E eCOWSTL=  7.0338¢87S WWSTE=  7.03386879 owTO5Ts 13.8702389 2 XO=
Ue 43291 3564E-01L
LEND
Lroou
CMdn= 2104971 de. JLMLRE  625.000000 oLMu: | Tve50.187 sERMRE C.43.576358 eHSI= 0.1264316590E-03,LuSFAVS
Ve I24108%65 «MUASEs  [Be5027.0C Mur BOTIGTL .00 WPVAPS | ,03E854980 WGPCs ~133.81%519 JQPCNETe C.CCICLCTCCESCL,
GRHR= 0.0000C0000E 400, TPOCOD= 118, 834778 s TUING®  118.834778 JTHSPAVS  L11B.834T7T8 sUMR®  411,430178 WVLSPe
136623.500 fVESPUS  140D504.200 pVWE  130STE.500 sVMC=  127065.5CC WLSPGe C.110670567 WWPLCCCs  5473.82422 v
XNg= 0, 0000CCCCOEsCO
LeND
LPRAT)
GPAIR= 44.05067¢1L GPGATRE ~5,85168171 SAPWAIR"  49.90216C6 +ORPGC*  12.538120) +CRPUC*  133,.E13418 yICENL =
F1.7521210 +TCONZ= 9C.41801758 +TCCA3:  90.0000000 +TCONG=  90.0000000 +TCONS=  50.0000000 fTPAIR=  SB.5374C97
LcND
GLLNTL
BLSPDW= 0.0CCCOGCCCESCCBONC -~ L. 28CCO0L50 +BCuL= 0.4960T9T73E-02,90W5P= 2.6021751¢ BOwPXs  2.5939%414 WJBORVLs
U D0000CO00E +0U,B5PDWMs P _L00000COCE*QUBSPORN= C.CCCCUOCO0ESQO0BSPLS 0. 136623508-02,ChlWin O.4TTOLIBTSE-02,CMING= 4T, EC29€85 "
COUINE® 0.00C000CN0E ¢ JCOCTRP= 0,00000C00CE ¢CC,LUMDNGE 313473, 025 +LUMSPG=  1T61E8G.375 Cubwls  143,399994 AL
46, 17954 1C W00 3PGE 30.TL6659> JEFFO= G 645711482 +FFRACT= 0,3573930¢8¢ WHUMCW=  5,95C60058¢ WHLPSP e

12.6599731 ANDWG=  B995,45312 JPNDRGCE  10325.5352 fPNSPGE QuSLL.2617 YPASPGO*  9208.2%E:8 WPSOWGe
1150.25342 sMSLWLO="  ZHT.610694) WMESPLE 304.054199 SMSSPGO=  299.537354 PREUNGS  16.0T98401 »PALWCO"
15.063757 . ¢PASPLE 16, T656419 +PNSFGG» [ 3.8017588 +PSONG=  3.235e822C PSOMGO= C.056242132 WFESPEn
V9030369392 WPESPLEE 0.098241055 PTURG=  17.4195099 +OTSPGs  17.6684723 +QOM=  S586.945957 +UDMOR Y= SEE,545557 '

GUMMET® 0,000000C00F*00,QLOWG=  S86.945557 wNLaPGE  L3L.63913) fCUPHLE  1.11544514 oAPMCRY=  32.3162231 YOPMRETS
99.5229095 JQRVHLS  SET.RYBLLS WQS5SPC= 11.8416796 +CVONG= 0.CCCOCLCOCECCC,CVSPOLs G.CCOCO0000ECCO,SPCRO> 3,.28121C90 v
TuEWUw=  L15.290¢865 JTUEWSPs 97, 1768311 JTEMET=  106.834549 fTOWCE= 286.8555CH »TFLO=  135,290865 s TLON=
286.895.08 wTG5P= 105, 1190649 fTIPMET®  §4.4635408 JUATMC=  57.024308) JUMEWGs  1474937.00 +UMDWGO=  11614E7.CC .
UMSPG=  1125274.00 YUMSPGO=  949035.187 PYGLPE=  136624.C82 +WCORC® C.OCCCCCCCCELLO mEENG* O.OCCO00000E+00D +WCSPC =
Oe LLCBI2UBA JWNURC = D, 1981550068 =01 ywSEWCE= 0,255888095F~02,W50WC5= 0. 255€EBCI5E~-02,wS0mR= (.243027270 WRTESPR.
01452062539 JHVLUWGS 0.0CO00CCCCESCO WYL $PGs (. CCCUOCOCCESCO ymwllwG= 0.000000000E+00,wnwl5PC= 0.110652084
athl
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00, C0
$610.00
3620.00
630,00
3640.00
3650.00
3660.00
je7C.CO
3680.00
3690.00
3700, 00
1710.00
3i20.00
AT30.00
JNeg,. 00
37%0.00
37160.00
jrro.co
3780.00
190,060
3800, 00
3810.00
3820.00
3830.00
3860.00
4850.00
3860.00
3870.00
3880.00
3890.00
3900. 00
3710.00
3920.00
$930.00
3740.00
3950.00
3960.00
39 710.00
3980.00
3990.00
4000.00
4010.00
4020.00
40U30.00
40 %0,00
«050.00
“060.00

0.CL3
Q.12
0.013
0.013
D.u13
U.ll3
0.013%
C.CL3
D.C13
0.013
0.C1s
0.013
U018
0.0G13
C.013
C.013
0.013
G.CL3
0.C12
C.018
O.CLe
O.01E
0.007
0.civ
0.016
0.01>
0.0l5
0.C13
0.012
0.01%
U.ClLs
0.C13
0.013
ND.0Ls
v.013
0.01%
0.013
U.CL3
0.C1)
0.01
C.Cls
n.0C113
Vevid
Oe01L3
0.0123
O.0113
0.013

519.9
$2C.2
$520.5
50.8
521.1
521.%
SZh.¥
$2<a1
$22.5
$22.9
$23.3
$23.7
5241
526.5
52%5.0
525.4
525.8
$26.3
$2¢.8
526.13
Sl0.¢
Sle. 4
526.17
527.5
S28.5
28.0
528.2
Set.7
S27.4
526.9
526.4
s26.1
5¢6.C
%¢6.C
526.1
$26.3
520.5
5¢6.8
521.1
S21.4
521.7
528.1
$28.5
Se8.¢
£29.2
529.1
530.1

937.9
S38.1
538.4
538.¢6
238.9
“¥9.4
239.5
$39.8
540.2
940..5
560.9
Sal. 2
S4l.t
%2.C
542, 4
242.8
563.2
%30
ELT
S4h4 L0
545.0
545. 17
346 .6
Sel.l
949. ¢
549,17
949, 1
8.4
2480
2%7.3
Yo,
S46.7
S46.2
S4b. 1
%6, 7
S46. 1
Shb. 4
46T
H66.9
W2
24T.5
S6T.8
58,1
8.9
H48. 9
549,72
549.6

aTL.t
LA TR
47147
471.8
471,¢€
&r1.5
“r12.0
atz.1
412.2
“T2 .4
1.5
“r2.1
“r12.5
als.i
413.3
“r3.%
4rsy.e
474.C
4l4.2
4Th.9
&719.1
CLITYY
483.1
L1
“87.2
“HT.e
“87.8
“db6.8
LLI PN
4R5.3
ELL )
4b4. 1
4dd.1
LLE PR
483.3
LLE B
“nd.l
LLE PP
“83.2
LLE PR ]
Ld3.4
“H3.5
4Bd.0
LLER
483.9
494,
Gub L4

LTS ]
83.3%
63,1
Bi.3
83.3
83.13
a83.?
83.3
83.1
813.13
83.)
83.3
83.13
63,3
83.3
83.3
63,1
43.3
83.1?
83.3
LEPS |
83.3
83,7
b3
83.3
43.3
83.3
83,3
ed. !
83.1
LEPS
83,3
83.2
#3.3
83,3
83.12
83.3
83.3
43.3
83,3
53,3
833
83.?
“3.3
ni.3
3.2
63.3

9T1.8
96,9
S81.C
985.3
YEY .6
$93.4
§97.1
1€e0.7
1CCasl
1cCr.s
101u.3
1013.2
1015.9
1018.4
1020.8
1c23.¢C
1025.1
10271.0
1C28.7
9¢5.7
Giv.7
882.5
849.5
820.6
8006 .6
182.7
T84.2
91,0
ECSen
£12.9
H19.0
B25.17
B3i.Y
B30.5
Bal.e
E43.9
Bh0 .2
854 .3
£%8.1
LI
B65 .1
é6n.3
Bll.
6.1
816.7
arv.e
e8i.5

Table 8.5 (continued)
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221.8
205.17
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1685.5
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.4
6.4
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C.
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19.55%
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19,58
L9.58
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19.59
19.60
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19.01
19.61
19.62
19.02
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19.84
19.64
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19.65%
19.65
19.60
19.06

C.924
G.52¢
0.927
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0.93%¢
0.932
0.93:
C.935
0.977
D.938
C.540
0,941
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G.944
0.54¢
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v.952
1.004
1.052
1.C88
1.144
Laln?
beids
1.270
1.310
.32
1.313
L3l
.51
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L.31e
1.320
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1.23¢C
1.3%2
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1.33%8
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11E.¢
1ia,.e
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11€.5
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L18.9
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1S
118.9
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11E.8
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Table B.5 (continued)

TINE PREL LDCVZ LY&R LSHRE wiNg ® wigsTY wsTL LOGREL TLlw PIlwG  LWSPAV  TwSPAV wECC
48%0.00 w.J014 557. .2 S09.1 0.0 E3l.4 82. 115.0 ie 290.7 19.93 L.597 122.8 0.0
#660.00 0.C04 53¢ T.1 508.3 0.0 824 .9 69. 1138 1. i90.8 19.54 1.638 122.8 0.C
4670.00 0,014 %5, 6.1 507.3 0.0 Eld.4 LT 172.4 1. 290.8 19.95% 1.679 1230 C.C
4580.00 0,014 552.0 576.4 5006.4 C.0 Ell.5 LT 170.9 1. 290.9 19.96 1.720 123.2 0.C
690,00 0,016 550.8 ST2.F 50%.4 0.0 B04 .7 6l. 169.4 1. Z51.C 1.78C 123.5 0.0
4700.00 0.014 569.1 ST1.1 S06.4 0.0 193.0 &', 168.0 1. 25L.C 1.60C 123.7 C.C
ST10.00 G 018 S47.3 509.4 S03.4 C.C 151.4 6T, 166.5 1. 291 .1 1.840 124.C c.C
4720.00 0Q.C16 545.7 507.8 %02.5 0.C 164.9 66, 165.1 [ 291.2 1.879 126.2 0.0
4730.00 0.C14 564.C 566.2 501.5 J.C 118.5 66. 163.7 1. 281.2 19.89 L.S18 124,46 c.0
4140.00 0,014 542.4 564.¢ 500,08 G.0 2.2 e, 162.3% 1. 291.3 20.C0 1-857 124.¢ c.C
750,00 0,014 560.8 S3.) 43910 C.C ito.C LI 161.0 i. 291.3 20.01 1.99% 1248 c.C
4760.00 0.01& 539.3 561l.6 98,8 0.0 159.9 66. 159.7 1. 251 .4 20.02 2.033 125.1 0.0
4T70.C0 G.014 $37.7 560.C 498.C 0.0 153.9 66 . 158.4 1. 251.4 20.C2 2.C71 125.2 c.c
4780.00 C.016 53,7 550,45 497.1 G.C 145.C 66, 157.1 I 291 .5 20.03 2.108 125.% c.C
©790.00 0.016 53&.7 557.0 496.2 0.0 14201 66, 155.8 | 25t.5 20.06 2.188 12547 o.¢
4B800,L0 0,006 S33.2 935.06 495.4 0.0 136 .4 66, 156 « 1. 251.¢ 20.0% 2.162 12%5.5 0.C
4B10.,00 0.C14% S31.8 3554.2 494.¢ 167 130.3 68. 156.4 e 291 .6 20.05 2.219 126.1 c.C
820,00 0.Cks S30.5 9552.9 4948 6.7 12641 69. 153.¢0 1. 291.7 20.06 24299 126.) 0.0
»E30.C0 0.C14 525.1 551.6 &93.2 6.7 Ti8.0 L 1547 1. 291.1 20.¢C7 2.292 126.5 0.C
4840.00 1,014 527.8 550,27 432.4 L6.7 112.0 68, 190.4 1. 291.8 20.07 2,327 12¢.0 €.C
4850.00 0.016 526.5 549.0 «91.17 le.7 7Ce. 1 68. 149.1 1. 291 .8 20.08 2.363 126.9 0.C
«860.00 0.01% 53,2 567.7 491 .0 Lol 100.% 67, il C. 261.% 26.09 2.398 12741 c.C
S870.00 C.012 526.1 546.4 489.5 20.8 1.0 17. L6 G. 291.5 2C.1C 2,398 127.) c.C
AB80.00 0,012 S2%.4 545.% 488.5 20. 8 119.1 17. 1.4 0. 291.9 20.10 2.399 127.1 c.C
S890.00 0.CL2 522.6 54,5 4ul.5 20.8 126.6 16. 1.4 C. 251.9 2C.11 2.399 127.1 0.0
4900.00 G C12 S21.5 %43.7 486.6 20.6 T35.5 14. 1.4 0. 2582.C 20.11 2.3%9 127.) 0.C
4910.00 0.C12 521.5 563.2 485.5 2C. ¢ 140.C 13. 1.6 0. 292.0 20.12 2.39% 1271.2 c.cC
4920.00 0,012 521.2 542,86 485.3 20.8 Ta6. 3 12. Len 0. 292.0 20.12 2.400 127.2 0.C
4930,00 C.Ci2 521.1 542.6 486.9 25.0 15¢.3 12. 1.7 C. 292.C 20.13 2.40C 127.2 c.C
4940.00 U012 S21.1 9542.5 484t 2%.0 58.1 1. 1.7 0. 292.0 20.13 2.4CC 120.2 c.C
4950.00 0,012 521.0 S82.4 484.3 2%.C 163,17 1. 1.7 0. 292.1 20.14 2.40C 127.2 c.C
4960.00 0.012 SZ2i.1 562, 4R4.C 25.0 Tev.2 . [ C. 29241 20.14 2.401 127.2 6.0
4970.00 C.C12 S21.1 562.3 4b3,. 8 5.0 114 .0 10. 1.7 . 29¢.1 20.1% 2.40) 1272 c.C
S9H0.00 0.012 521.2 542.1 481, ¢ 25%.C 119.9 10. 1.8 0. 292.1 20415 2.401 121.2 C.C
4990.00 0.0102 521.3 582.4 48d.8 29.2 T1€5.C 10. iel C. 252.1 20.15 2.402 127.2 c.C
S000.00 0.CL2 521.4 242.4 483,2 29.2 190.0 10. 2.1 0. 292.:4 20.1¢ 2.402 127.2 0.0
S010.00 0,012 $21.5 542.5 4ui.) 29.2 154.9 10. 2.1 0. 292.2 20.1¢ 2.403 127.2 c.C
5020.00 04012 3217 582.6 4B82.9 292 199.8 9. 2.1 0. 29242 2017 2.403 1272 0.C
5030.00 ©C.Cl2 541.8 532,17 482.8 9.2 LIL S 9. col C. 292.¢ 2.1 2.403 127.2 ¢.C
5040.00 0.012 522.0 52,8 «n2.17 29.2 809.2 e 2.1 0. 292.2 20.18 2.404 127.2 c.C
2050,00 0,012 522.2 “42.5 &82.¢ 33.3 Els.? 9. 2.4 0. 292.3 20.18 2,404 127.2 0.C
2060.90 0.012 522.4 543.1 482.5 33.3 LY Yo 171.5 1. 292.2 20.19 2.405 127.2 0.0
S0T0.C0 0©.01& 522.2 943.5 484.5 13.3 16,0 9. 164.1 1. 5.7 20.18 T.448 1208 c.C
5080.00 0,016 522.3 543.9 486.C 33.13 1494 1nz. 158.8 1. 292 .4 20.20 2.483 127.¢ C.C
5090.00 0,010 S22.8 %846.7 487.17 13.9% 12%.1 . 154.2 i. 192.6 20.21 2.%920 127.2 0.0
S100.00 C.CL6 522.9 565.1 484.> 34.3 Ti4.0 ™. 151.9 1. 292.% 20,22 2.55%6 128,.C c.C
3110.00 0,013 S22.1 545.C 48t6.1 37.5 .9 49. 150.9 | 292.5% 20.22 2.592 128.2 c.C
5120.00 0.013 522.2 %44, 488,17 31.5 iti.6 LA 149.7 1. 292.6 20.23 24626 128.4 0.0
5130.00 C.Cl3 5¢h.% 3.4 4hA.4 3.5 696 .3 6l. 148.3 1. 2S¢t 2C.24 2.663 120.¢ 0.C
51640.00 0.013 %2C.5 5642.5 &88.C 3T.5 690.0 68. 1s7.0 1. 292.¢ 20.24 2.698 128.¢ c.C
2150.00 0.013 519.6 5462.0 4ar.¢ 31.5 CE3LT 69. 145.6 1. 292 .7 0.25% 2.733 128.¢C c.C
5160.00 0.00% 518.6 %1.0 4n7.1 371.5 e .4 69. 144.2 1 252.7 20.26 2.768 129.2 0.C
S170.C0 0.013 517.¢ 540.C 486.7 4l.6 eTi.l T0. 143.1 1. 292.¢ 20.26 2.802 125.4 c.C
5180.00 0.013 S16.6 539.1 486.2 4l. € LU 0. 141.8 1. 292.8 20.27 2.835 129.¢ c.C
2090.90 0.C13 Si5.6 538.1 4u85.8 “l.t eS5e.17 10. 140.4 le FATL 20.28 2.869 129.8 0.0
2200.00 0.C13 S514.7 537.1 485, 4l.6 652.1 T0. 2.5 0. 282.5 20.28 2.962 13C.C 0.¢C
$210.00 0.011 S13.7 %35.9 4d3.S “l.t t62. 4 ir. 2.6 0. 292.9 26.29 2.502 13C.C 0.C

5220,00 0011 S13,2 535.) 4ns.2 4l.86 e0.5 7. 2.6 Ce 292.9 20.30 2.903 130.0 0.C
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0.012
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Oalle
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Si4.C
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Si5.7
515.8
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ST
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Sil.4
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bE L
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“lue2
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417.C
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Table B.5 (continued)
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Tulw
2583.C
253.C
293.0
293.0
253.0
293.1
293.1
2583.1
2%3.1
2943.1
293.1
283.:
293.2
293.2
292.5
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253.13
293.?
293.3
253.3
263.2
293.3
293.4
253.4
293.4
293.4
293.4
293.%
293.%
253.5
253.%
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293.6
253.¢
293.6
293.6
283.7
29341
293.7
293.7
293.1
293.8
293.8
293,86
293.8
293.9
293.5
293.5
294.0
254.¢C
254.C
294.0
294
54.1
294.1
294.2
256.2

PIIwG
20.30
2C.31
20.32
20.32
26.1)
26.33
20.34
26,34
20.34
20.35%
20.35
20.3¢
2G.36
20.317
20.37
20.38
20.38
20,39
2C.35
20.40
20.40
20.41
20.41
20.61
20.42
20.42
20.43
20.43
20,44
20 .44
20.4%
2C.4%
20 .46
20.46
20.48¢
20.417
20.47
20.48
20.48
20.49
20.49
2C.5C
20.50
20.52
2C.51
20.51
20.%2
20.52
2C.53
20.5)
20.54
20.54
20.5%
20.55%
2C.5%
20.5¢
20.56
20.57

LwiPay
2.908
2.5C5
2.50¢
2.907
2.50¢
2.5908
2.5911
2.912
2.9113
2.914
24915
2.51¢
2.51¢
2.918
2.52¢C
2.841
2.922
2.924
2.92¢
2.92%
2.925%
2.92%
2.582%
Z.92%
2.925
2.92%
2.925%
2.92%
2.92%
2.92%
2.925%
2.92%
2.52%
24925
2.52%
2.5925%
2.925%
2.925%
2.82%
2.925%
2.924
2.524
2.924
2.924
2.5924
2924
2.924
2.924
2.524
2.924
2.924
2.924
2.524
2.924
2.524
2.524
2.924
2.924

TusPay

130.0
3.0
13c.C
13C.C
13C.C
13C.C
13¢.C
130.¢
13c.C
130.¢C
13¢.C
13C.C
13C.C
130.1
13C.)
3.
13C.1
13C.1
13¢.1
13¢.1
130.1
13C.1
13C.1
130.1
13C.1
130.1
13C.1
130.1
13C.1
13C.1
130.1
13C.1
13¢.1
130.1
13C.)
13¢.1
13C.1
13C.1
1300
130.1
130.1
13C.
13C.1
130.1
13C.1
13¢.)
130.1
130.1
13C.1
13C.1
130.1
13C.1
13C.1
130.1
13C.1
13¢C.1
130.1
130.1

wELC

0.0
0.
c.C
0.0
0.c
c.C
c.C
0.0
c.C
€
0.0
0.¢C
C.C
0.C
0.0
c.c
c.C
0.0
c.C
c.C
.t
0.c
€.
0.0
0.C
c.C
c.cC
0.C
c.c
c.C
0.C
0.0
c.C
0.¢
0.C
c.c
0.C
0.¢
c.C
0.C
0.0
0.0
c.c
0.0
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T INE
»2810.00
5820.00
58130.C0
5840.00
S8%0.0C
$860.00
$870.00
2880.00
5890. 00
9900.00
2910.00
3920.006
9930.00
5940.00
59%0.00
5960, 00
5970.00
$980.00
5990. 00
6000.00
6010.00
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5030.00
6040.00
6050. 70
6060.C0
6070.00
«080.0C
6090. 00
6100.00
6110,00
6120.00
6l130,00
6140.00
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6180.00
619C.00
©200.00
6210.00
6220.00
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6240.00
62%0.00
6260.C0
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6290.C0
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636C. 00
6370.00
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52142
521.4
521.5
521.7
521.8
522.0
522.2
922.3
5245
$22.7
522.9
323.0C
$22.2
523.4
523.5
523.7
523.5%
526.1
544.3
524.4
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524.8
525.0
525.2
525 .4
52%.6
s25.8
%20.0
52644
526.4
526.6
526.8
S¢1.0
521.2
527 .4
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%28.0
528.2
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528.7
528.9
529.1
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S529.5
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£30.C
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510.9
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943.0
543.2
243,
563.5
543.¢
Shi.n
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Table B.5 (continued)
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Table B.5 (continned)

Timg PREL  LDCVWZ LYAR  LSHel wing L wiosT wsirc LOGHEL Teuw PicwG LuSPAY  TaSPAy wECC
0390.00 0.G11 “31.8 569.¢ 4782 c.C 1C1s.0 “. 0.0 G. 296.¢ 20.85% 2.968 13C.? c.C
S400.00 U.CLL 532.1 549.8 &T4,.¢ c.C err.2 4. c.0 C. 296.6 20.8% 2.968 130.3 0.0
410,00 CoCLl %34.3 950.0 478.¢ 0.0 1080.7 “. c.c e 256,17 20. ¢80 2.968 13C.2 e.c
GA20.00 0,011 $32.€ 550.2 48,2 c.C 1084, 3 4. 0.0 [ 296 .1 20.86 2.9€71 123¢C.2 c.C
©430.00 0.0L1 S32.8 550.4 478,31 c.c 1C81.7 4. c.0 0. 296 .8 20.87 2.987 13¢C.2 c.C
440,00 04211 533.1 550.6 478.3 a0 1991 .¢ “. C.0 C. 296.8 20.87 2.967 130.3 0.c
665C.00 C.Chi 5233.3 550.¢ 478,13 M.0 1064 .0 4. 0.0 0. 29¢.5 20.¢8 2.567 13C.2 c.C
6460.00 0,011 $33.5 550.5 474,32 c.c 1csyu.© 4. .0 0. 296.9 20.88 2.967 13C.? 0.C
64T70.00 0.0l 533.8 51,1 “’8.4 c.c 1icL.3 4. c.¢C €. 267.C 20.89 2.967 130.3 0.0
648C.CO G CLL 594,0 9513 478, 0.0 1104 .6 ‘. 9.0 0. 281.¢ 20.88 2.967 13C.3 0.C
6490.00 0.011 $34.2 551.9 &7A.4 C.C icr.s 4. 0.0 0. 297.1 20.9¢0 2.961 13C.2 c.c
6500.00 0011 534.5 9531.7 &l8.4 c.c 1.2 4. c.c Oe 297.2 20.90 2.967 1303 0.0
G510.C0 C.Cll SH4.7 551.9 478, G.0 Lils.s 4. c.0 Ce 2871.2 2C.51 2.967 13C.3 0.C
6%20.00 0.01¢ 534,2 552,27 480.7 0.C 1058.7 i5t. 215%.2 1. 291.2 20.91 3.C0¢ 13C.% c.c
6530.00 0.012 536.4 552.4 4n0.8 €.C 1Ce2.6 b C.0 0. 297.3 20.92 3.0LT 130.¢ c.c
6540.00 0.0LL 534.6 552,73 480,17 0.0 1067.2 LY 0.0 C. 257.4 20.93 3.017 130.8 0.0
6955C.00 O C11 $36,8 552.7 480,17 0.0 10717 6. 0.0 0. aST.4 2C.93 3.007 130.e c.C
6560.00 G.O0L1L 535.1 552.¢ 480.¢ c.C 1€76.3 b 0.0 0. 297.5 20.94 3,017 13C.¢ e.c
6570.00 0.011 535.3 35%3.0 &n0.0 0.0 1CeC.7 6. c.0 Ce 257.5% 20.94 3.016 130.¢ 0.0
o580.00 0.CLL 535.5 553.1 4#80.0 0.0 1085.2 6. 0.0 0. 261.¢ 20.94 3.016 13C.¢ 6.0
6590.00 «SAL %35.7 553,70 480.5%5 c.C 1CE%.0 b 0.0 0. 297.¢6 20.95 3.01¢ 13C.e c.c
6600,00 0,011 935.9 953.4 4R0.5 0.cC 1084.C 6. 0.0 O 291.6 20.95% 3.016 130.8 0.0
661C.C0 O.CLL S36.1 553.5 4R0.4 0.0 1098, 3 6. c.0 C. 257.1 20.9¢ 3.C16 13C.¢ 0.0
8620.09 0,011 %3€.3 553.7 480,3 e.0 1102.0 6. 0.0 0. 291.7 20.96 3.C1e 13C.¢ 0.c
6630.00 0.011 53.5 553.8 4a0.3 c.C 1iCo.8 LE) c.0 0. 297.8 20.97 3.016 130.¢ 0.C
6640.00 0.0LL 9536.7 553.4 4802 0.0 Lili.0 be c.0 C. 20.97 3.0i6 130.6 0.0
665C.00 G.CIL1 36,9 554.C 480.2 0.0 11s.2 6. 0.0 0. 2C.5¢ 3.C1¢ 13C.¢ c.C
6660.00 0,016 S36.5 556.¢ 482.5 c.C 1s2.c 156. 215.3 1. 20.99 3.066 13C.5 e.c
6670.00 0.012 93%6.9 554.9 482.8 0.0 10w .2 9. «0 Ce 2099 3.071 13%0.9 0.c
6680.C0 CaCLL S37.2 555.1 4B2.6 6.0 1071 .0 10, 0.0 0. 21.CC 3.C71 13C.5 .0
6690.00 0.011 %37.3 555.1 482.4 c.C 1crr.s 10. 0.0 0. 21.00 3.C71 13C.S c.c
o700.00 0.0LL 537.3 255.0 4A2.1 c.c L0ES. 9 1C. c.0 0. 21.01 3.071 130.9 0.0
6710.C0 C.C11 S37.6 355.0 481.9 G.0 109%0.1 10. c.o C. 21.C1 3.C7)1 13C.5 0.C
6720.00 0,011 537.4 554,.9 «81.¢ .0 1096.1 10. 0.0 0. 21.02 3.CT1 13C.S c.c
6730.00 0011 537.4 554.8 481.2 C.C 1ice.c 9. c.0 a. 21.02 3.07) 13%¢.9 c.c
6T740,00 0.011 537.4 534.8 481.1 0.0 ticr.y 9. 0.0 C. 21.03 3.071 130.9 0.c
67150.00 0.C11 S37.5 554.7 480.¢ 0.0 1h13.2 9. 0.0 0. 21.03 3.071 138 c.c
160,00 G.015 577.3 55%.1 482.¢ C.C 1C73.3 162, 220.1 1. 21.04 3.10% 1311 c.C
6770.00 0,012 S36.8 555, 4.\ C.0 1099.9 1. fa0 Ce 21.08 J.l44 131D 0.C
6780.CC 0.CLHL 537,10 555.1 482.8 0.0 wen .7 13, 0.0 0. 21.0% 3.144 131.2 0.0
6730.00 0.0L1 $37.1 555.0 em2.4 c.C 1c11.3 L 0.0 . 21.08 3,044 13102 c.C
GB00.00 O 011 536.9 554.7 441.64 e.c 1C8%.2 14, c.0 0. 21.06 3.144 1312 0.0
6810.00 0. .ChL 536,86 554.) 4B1.3 0.0 109,49 14, c.0 C. 21.07 3,044 1312 0.c
6820.00 G.01L 36,3 553.9 480.¢ 0.0 1100.0 13, 0.0 0. 21.07 3,044 13122 c.C
©830.00 0.011 536.1 553.¢ 480.3 C.C 1iCe. 7 12. c.0 0. 21.08 3.1464 10102 0.C
£ 340,00 O0.0LL 535.9 553.3 479.9 0.0 1113.2 1. c.0 C. 21.08 3,186 13143 0.0
6850.00 C.C15 535.7 553.7 48l.e 0.0 1u1s.2 166. 221.5% 1 21.08 3178 121.5 c.C
6800.00 0.014 536.6 553.0 481.9 0.0 1C52.8 122. 218.4 1. 2i.10 3.231 131.8 0.C
6870.00 0.CHL S34.3 552.5 68l.1 6.0 1064 .7 15. 0.0 0. 21.1C 3.239 131.8 o0.C
6880.00 0.C11 934.2 9552.3 480.¢ 0.0 1015.8 15. 0.0 0. 2i.11 3.235 131.¢% c.C
6890 U 0.011 533.9 551.9 480.0 0.cC 10e2.13 16. c.0 0. 21.11 3.239 131.8 0.0
6900.00 0.CLE $33.5 9%1.4 479.) 0.0 1090.3 15. c.0 Ce 21.12 3.239 131.8 0.c
6910.00 0.C11 523.2 951.C 478, 0.0 1097.8 14, 0.0 0. 2i.12 3.235 11,8 e.c
6920.00 0,011 532.9 550.6 478.2 c.C 11045 13, c.0 0. 21.13 3.239 131.8 c.c
©930.00 0,001 532.7 550.9 &717.7 C.cC 1.7 12. c.o C. 2113 3.239 131.8 0.0
6940.00 0.C14 532.9% 550.5 478.¢ 0.0 1083.7 164, 224.8 1. 21.14 3.26)3 132.C 0.C
6950.00 0,014 531.6 550.1 479.7 C.C 1054.9 125. 220.0 1. 21.15 3.316 132.2 o.C
6960.00 0,011 S31.C 549,73 478.8 0.C 1€63.4 15. c.0 0. 21.16 3.332 132.4 0.0

8yl



Table B.5 (continued)

PREL  LDCWZ LYAR LSHRC wing L 4 wiosTy wsSTC LOGREL TGOw PICHG LKSPAY  TwSPAyV wECC
0,001 530.9 549.1 478.4 C.C 1cre.e 16. 0.0 0. 299.7 21.18 3.332 132.4 C.C
0.011 530.7 >48.2 417.2 g.0 10€L.13 16. 0.0 0. 299.1 2.1 34332 132.4 0.C
CaCll S30.4 94B.6 417,2 0.0 1089.5 5. c.0 0. 2959.8 21407 3.331 132.4 0.C
0.0011 S3C.0 548.C 476.¢ 0.0 1087.3 16, 0.0 0. 299.8 21.18 3.331 132.4 c.C
G011 549.8 567.¢6 418.C .0 LiCs.7 13. c.0 0. 299.9 Z1.18 3,331 132.4 C.C
CaCll 529.86 547,13 415,08 0.0 Lili.e 13. c.o C. 255.9 2119 3.331 132.4 0.0
Ne0lh 529.5 947.¢ 476.¢ (7] 1086 .9 164, 226.2 1. 3CC.C 21.19 3.35¢ 132.°¢ c.c
C.016 52d.5 547.2 477,85 c.C 1C55.1 126. 221.0 1e 300.1 21.20 3.409 132.8 C.C
0.0LL S27.7 566,272 476.5 0.0 ices.e 16. c.0 C. 3Cc.2 2121 3.425% 132.9 0.c
CaCll 527.6 546.0 4T76.1 0.0 10%2.7 16, 0.0 0. 0.2 .22 34425 132.5 c.C
D001 527.4 545.7 415.5 c.C 1C81.5 16. 0.0 0. 300.2 21.22 3425 132.9 0.C
0.0011 527.2 545.3 474.9 0.0 1CE9.6 15. c.0 Ce 300.3 2l.23 3.42% 1729 0.C
Colll 526.9 584,49 474.3 0.0 Loss.9 15. c.0 0. 3Ce.2? 21.23 3.42% 132.9 6.0
D.011 52646 564.5 474, ¢ 0.0 110%.¢ 14. 0.0 0. 300 .4 21.24 3.426 132,58 c.C
0.011 528.6 544,73 473,19 c.cC 1113.C 1. c.0 C. 300.4 21.24 3.424 1308 c.c
D014 526.3 544.7 474,48 0.0 e .8 187, 225.1 1. 3CC.5 2h.25% 3,480 13341 0.0
C.CLl4 %525.0 563,83 475,2 g.c0 10%2.3 128, 221.4 1. 3C0.6 Z1.286 3.513 132.4 c.C
Q.00 8524.6 543.0 474.2 c.C Ces.3 16. 0.0 C. 300.7 21.26 3.518 133.4 c.c
QCLD 524.3 562.8 473,17 c.c (3 L] L6, c.¢ C. 3G 2h.27 3.518 133.4 0.0
D.CIC S24.1 562.5 4T3, 0.C 1083.3 16. 0.0 0. 3C0.17 21.27 3.518 133.4 0.C
0.C10 523.9 562.2 472.¢ C.C 1cs1.8 6. 0.0 . 300.8 21.2¢8 3.518 133.4 0.C
0.011L 523.6 541.9 s12.0 c.C 1€589.9 15. { C. 3C0.8 2L.29 3.518 133.4 0.0
0.CLL 523.6 581.06 4T1.5 0.0 LI07 .8 4. C.. 0. 2CC.9 21.28 3.S51E 1334 0.¢
0,011 523.3 541,12 aT1.C 0.0 1115.% 14, 233.6 1. 300.9 21.30 J.51E8 133.4 c.C
0,015 522.9 56l.¢ 4731 0.0 1ces.e 168. 224.C ia 30L.0 Z1.30 3.5712 1331 c.c
0042 5214 580,13 472.4 0.0 105v.1 19. .0 c. LYY ) 21.31 3.612 133.5 c.c
0,001 521.1 539.F an1.7 c.e 10668.3 16. 0.0 0. . 21.32 3.612 1338 c.C
0.010 521.0 539.¢ 471.2 c.C 1C27.5 16, 0.0 C. 301.2 21.32 3.612 133,98 c.C
0.010 520.8 539.9% &70.7 C.C 1CEn.? 6. c.0 0. Ch.2 21.33 3.612 133.9 0.0
0.01C 52C.8 539.0 470.1 0.0 109+ .8 6. 0.0 0. c1.2 21.33 3,612 1385 0.c
010 520.4 538.7 469.6 c.C 1cs. 15. 0.0 0. 301.3 21.34 3.612 1335 c.cC
G.0L0 520.2 %38,5 469,11 0.C ili.e 15. c.6 O Wi.4 2135 3.612 133.9 ¢.C
OeCha 52Ca2 538.7 47041 0.0 1o087.¢c 166. 229.0 [ L4 1.8 3. 638 134,10 0.0
0,014 S19.1 538.2 471.C 0.0 10544 125. 223.0 L. 301.5 21.38 3.69C 134.4 .t
Ga0Ll 518.0 536.9 4569.7 0.0 1ces. 1 7. C.0 0. 01 .e 2137 3,703 134.4 0.C
0010 S517.9 536.7 469.2 0.0 1073.4 16, 0.0 C. i.8 21.37 3.703 134.4 0.0
O 019 S17.8 536.5 468.8 0.0 1082.5 6. 0.0 0. 3Ch.7 21.38 3.7C3 1344 c.c
0010 S17.6 536,72 468.¢ c.C 1CS1.3 6. 0.0 0. 3.7 21.38 3.703 134.4 Vet
0.010 S17.4 535.9 467,17 0.C LiCu.C L 0.0 0. iclL.e 21.39 3.703 134.4 0.0
0.C1C SUT.3 535.7 4nl.2 c.0 1106 .4 15. 0.0 0. Ci.e 21.3% 3.700 134.4 0.¢C
0.001 517.1 535.5 4sl.C c.C 11C».5 114, 232.8 1. 3C1.8 21 .40 3.708 134.5 e.<
0015 Si6.6 535.6 48,8 G.C 1082.¢C 189, 226.8 1. CL.9 2i.61 3.763 1340 0.0
CoCll 514,y 534.0 461,17 0.0 106u .6 24, 0.0 0. 3c2.c 21.42 3.79% 135.¢ 0.0
0.010 S14.8 533,98 4617.2 0.0 1C10.3 17. 0.0 Oa 302.1 21.42 3.79% 135.¢C c.C
0.016 S514.7 933,06 4nb.7 0.C 1C19.86 16, c.0 0. 302.1 21.43 3.79% 135.¢C 0.0
0.C1C S14.6 333.4 460.2 G.0 1C8s.6 6. 0.0 C. 2.1 21.43 3.7%5 135.¢C 0.C
0.CL0 S14.4 533.1 465,17 o.c 1097.% 16, 0.0 G 2.2 21.44 3.79% 135.¢C c.c
0.010 S16.3 532.9 465.2 C.C icos2 16, c.0 0. 302.2 21 .44 3.794 135.¢ 0.F
0.000 S14.1 232.7 4hé.4 G2 Lile.7 6. c.o C. 2.3 2145 3.794 135.¢C 0.0
0.C14 S13.7 532.7 466,64 0.0 1070.4 178, 246.8 1. . 21.4¢ J.844 135.2 .t
0.012 512.2 331.% 4863.5 C.f 1Ce0.2 22. 0.0 0. 3024 2147 3.884 135.5 c.C
C.0L) 511.8 230,99 &65.1 c.c 1C69.5 . .0 C. 3CL.5 21.41 3.884 135.5 0.0
0eCIC SLL.T 530.7 404,17 0.0 1078.8 17. 0.0 0. 3.5 2148 3. 064 139.5 0.C
G010 S11.€ 330,95 4o&.7 c.C 1C88.C i7. 0.0 0. 30z2.6 21 .48 3. 135.4 c.C
0.010 SLL.% 530,13 46137 0.0 oS 1. C.0 C. 3c2.e 21 .49 3. 135%.4 0.0
CaldC S11.3 330,101 403 ,.2 0.0 1106.0 6. c.0 C. Nz 21.5C 3.BH4 135.4 0.C
UUL0 S11.2 525.9 482,17 0.0 Lile.s 6. 0.0 0. W02.7 21.50 I.E83 135.4 c.c
GCl4 510,88 2729.9 464,23 €.C 1. 17i. 22i.3 1. o8 21.51 3.933 1350 c.C
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Table B.5 (continued)

ViNE PREL  LOCVZ LYAR Lmnig wing P wiCst LRI LOCREL Tulw PlimtG LwsSPav  TwsPav wECC
550,00 0,002 509.2 %B.7 454.9 Teb 1cev.2 23, €.0 C. 3Ce.8 21.52 3.573 135.5 0.
1560.00 C.llC SGE.R 528.0 464,06 0.0 1069 .6 1. C.0 C. 2.9 2h.52 3.573 135.8 c.c
570,00 0.,CI0 SOE.7 527.¢ 4o02.8 Q.0 1610 17. 0.0 0. 303.0 21.52 3.972 135.8 c.c
1580.0C0 0.010 SUd.86 527,171 482, C.C 1C84d.3 1r. c.0 0. 3ci.0 21.54 3.973 1935.8 0.C
590,00 C.CL0 508.5 527.5 46l.e G.C U975 7. C.0 Ce 3Cs.C 21.54 3.873 135,86 0.C
000,00 C.CO1C S0M.4 527.7* 461.1 .0 1106.7 17, 0.0 0. 3.1 21.5% 3.573 135.5 c.c
610,00 0.000 508.3 527.1 480,17 C.C il 7 ir. i36.0 1. 3.1 21.5% 3.973% 195,58 c.C
1620.06 0,046 S0T.7 527.0 462,) C.C ICea.3 2. 227.C le 3.2 Z1.56 “.028 136.2 0.0
1630.C0 Go.CiZ 50%.9 . 5.4 #sl.5 .0 1060 .4 28. 0.0 0. 3C3.? 21.57 “.C62 136.4 0.0
640,00 u.CL0 S0%.8 S25.1 460, 0.¢ 1C70.3 1r. 0.0 0. 303.3 21.57 4.C62 13¢.4 c.c
1650.00 0.0LD SuS.7 526.% 460.4 C.C 1C1S.8 i, c.o C. 303.4 21 .58 4.062 13%6.4 c.C
T660.00 O.CIC 505.6 324,.8 459.5 0.0 10892 17. c.0 C. 3C2.4 21.5% 4.C82 136.4 0.c
T670.00 0.010 50%.5 924.¢ 459.5 c.0 1098.06 17. 0.0 O 303.% 21.59 4.C62 L36.4 c.C
1680.00 U.CL10 505.4 926.4 459.C C.C Licz7.5 i7. c.0 Ce 303.5% 21.60 440062 136.4 c.c
71690.00 0.012 S05.2 524,13 459.0 C.0 0.t Lat, 23%.8 i« 3.8 21.60 4.070 136.5 c.C
IT00.C0 0.016 %04.5 324.C 400.2 0.0 i063.8 1r2. 226.4 1. 3C3.¢ 21.61 “.125 136,86 c.c
TT10.00 0,011 S02.9 522.4 459.1 C.C 1Ces.5 21. 0.0 0. Wi 21.62 “.149 L3e6.9 c.C
120,00 U010 S02.9 %22.3 45h.17 C.0 1C7s.3 17, €.0 C. 3C3.0 21.63 4.149 136.9 6.0
730,00 0.CL0 SUZ2.9 522.2 458.3 0.0 1082 .8 7. 0.0 0. 3C3.8 21.63 4,146 136,54 0.0
17640.00 0Q.010 %02.8 522.C 457,.¢ c.C 1C652.3 17. 0.0 0. 303.8 21.64 4,145 13e.5 c.C
I1750.00 0,000 S02.7 221.9 437.4 0.0 LiCL.9 1. c.0 0. 303.9 21.64 44169 136.9 0.¢
1760.00 0.CLU 50L.6 521.7 456.9 0.0 Tiil.s 18, 0.0 0. 3.8 4.145 136.5 0.0
170,00 0,013 S02.4 521.7 457,% 0.0 1086.1 173, 230.8 i 3C4.0 4178 13141 C.C
780,60 0,014 S01.1 520.7 458.4 c.C 1651.2 164, 224.2 1. 304.0 4.23% 137.4 C.C
1790.00 0.011 500.0 %19.5% «56.9 0.0 1067.6 18, C.0 Ce 3041 “.236 1374 0.c
TEOC.00 0.CL0 499.5 19,4 4%.5 6.0 1o1r.2 17. 0.0 Oe 342 4 236 137,64 C.C
I810.00 0.010 499.9 Si9.? 455.0 c.C ICE6.8 18. 0.0 0. 304.2 4.23¢ 137.4 0.C
1820.00 0.CL10 499.8 »19.2 425,86 c.0 1CS6.4 i8. c.0 C. 3Cs.2 2L.65 4,236 137.4 0.0
1830.00 C.CLC 499.56 219.1 455.2 0.0 Lioe .l 18, 0.0 0. 3042 21.65 4.236 137.4 c.0
T840,00 0.C10 499.7 518,56 456,14 c.C 157 18. 236.6 i. 304 .2 21.70 436 1374 C.C
850,00 0.014 499.0 518.6 s56.0 0.0 10%0.7 173, 228.1 1. 3Cs.4 21.71 4.291 1317 0.¢
T860.00 0.Ci2 457,101 %16.7 455.¢ g.0 losi.7 2. .0 C. 3C4.58 21.712 4.323 131,58 0.0
70,00 0.010 437,01 S16.17 454,17 0.0 1072.1 19, 0.0 0. 304.5% 21.12 4.323 130, 0.C
1880.00 0.010 497.1 516.6 456,13 c.C 1CEL.8 18. c.0 0. 304.6 21.73 4.32) 137.8 c.c
789C. 00 C.Cl0 497.0 %16.% «53.8 0.0 1091.5 8. €.0 C. s, 2h.73 4.32) 137.9 0.0
190C.00 0.CIU 457.0 516,95 «53.4 6.0 11012 18, 0.0 0. 4.t 2i.74 4.323 131.8 c.C
T910.,06 0,010 «96.% 516.3 453.C C.C L11C.9 18. 0.0 0. 304.7 21.75 4.32% 131,58 c.C
1920.00 0.013 496.6 516.7 453,86 0.0 1C8s.9 175, 2317 1. 4.1 21.75 4.351 138.0 o.r
7930.00 C.Cl4 495.4 515.1% 454,2 0.0 1055.0 166, 225.1 1. IC4.E 21.7¢ 4.40% 138.3 (s
T940.00 0.C011 494.1 513,95 452.9 CeC 1Ce4.0 19. 0.0 0. 304.9 2177 4.415 138.4 ®. 3
950,00 0,010 493.9 513.6 452.4 .0 1C713.6 18. c.0 0. 304.9 21.77 4.415 138.4 w0
1960.C0 O.CLC &93.8 513.5 451.9 0.0 1083.2 18, c.c C. 3CS.C 21.78 4.415 138.4 0.c
1970,00 0.010 493.8 513.4 451.% 0.0 1u92.n 8. 0.0 0. 305.0 2178 4.415 138.4 c.c
7980.00 0,010 493.7 513.7% 451.1 c.C Lics.s 18. 0.0 0. 305.1 21.719 4,415 138.4 c.C
7990.00 0.010 493.7 513,72 550.7 0.0 1112.3 18, c.0 0. 3Cs.1 21.80 4415 1384 0.¢
8000.00 0.013 493.2 512.5 451.4 .0 1083.7 175, 230.7 1. 3CS.1 Z1.86¢C 4451 138.¢ c.cC
#010.00 0.014 492.0 512.C 451.% c.cC 1C51.0 159. 224.4 1. 305.2 21 .81 4.505 138.9 c.c
8020.00 0.011 490,88 510.7 4%0.5 0.0 1Ces .8 20. 0.0 G. 3C5.13 21.82 4.508 138.5 0.0
B030.00 0.CIC 49C.6 510.% 450.0 0.0 1075.3 18, 0.0 0. 3CS5.2 21.23 4.50F 138,59 0.0
8040.00 0.010 490.5 510.4 449.¢ c.c 1CEs.S 8. 0.0 0. 305.4 21.83 4.508 138.6 c.C
8050.00 0.010 490.% 510.3 449.1 0.0 1094.8 18. c.0 0. 3C5.4 4.508 138.5 0.0
8060.00 0.CIC 49C.4 510,27 48,7 0.0 1i06.2 8. .0 Ce 3C5.% 4.508 138.5 0.0
B070.00 0.C10 49C.4 510, 448, 0.0 11is.0 18, 0.0 0. 305.5 4.508 136.5 c.C
8080.00 0.016 490.0 509.9 449.4 c.C 1C79.3 Lrz. 23C.0 1. 305.6 4.552 139.1 c.cC
8090.00 0,014 488.8 S09.0 449,9 0.0 105¢.1 nr. c.o0 C. 3C5.8 4.603 139.4 0.¢
Bl00.00 U010 4B7.5 507.5 448.2 0.C 1065.6 19. .0 C. 3C5.7 4.603 139.4 Q.n
BL10.C0 C.CLC 487.3 S07.* «4l.¢ 0.0 1075.1 18. 0.0 0. 3¢S 4.€0) 139.4 0.cC
8120.00 U.GL0 487.2 507.2 447.2 c.C 1Cea. 7 8. 0.0 0. 305.8 4.6C3 139.4 0.C
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Time

81 30.00
sls0.20
8150.00
#149.C0
el 70.00
5180.00
#190.00
3200.00
#210.00
8220.00
230,00
4240.00
850,00
B260.C0
8270.00
8280.00
8290, 00
8300.00
#310.00
8320.00
8330.00
8340.00
8350.00
8360.00
8370,00
8380.00
#390.00
8400,00
ue 10,00
4620.00
A4 3C.00
4440.00
#650.00
4660, 00
#670.00
44 80.00
#490.00
8500.00
8510.00
4520, 00
#53C0.00
4540.00
8550.00
8560.00
4570.00
4580.00
#%590.C0
8600.00
#610.00C
8620.00
#4630.00
4640.00
86%0.00
de6l. 00
8670,00
#580.00
869C. 0C
8700.00

PREL

O.Clu
0.010
0.010
0.Cls

0.C1s

<210
c.Cic
Q.00
v.010
0.010
veClC
0,013
O.0is
G.CiL
v.01¢
0.010
O.CiL
v.010
0.¢C10
0.013
C.C1s
0010
O.0lu
g.C10
v.C10
0.010
U.CiI0
0.C12
0.014
0.010
0.C1C
0.010
0.010
G.CicC
0.C10
D.019
Ul
0.010
0.010
0.010
O.C10
O.000
0.c10
CaCly
0.014
0.C10
0.Cic
0.C10
U.010
0.Clu
0.Cle
Q.13
O.Cls
0.CLL
J.C10
001U
Uatit
deClC

LSHRL
446, €
Lab. 4
445.9
a4 7.0
“4T.s
445.8
445.3
GhhLE
Lan. 4
R
4el.t
LL LN
“e5.2
DU P
429
“nl .4
440 .0
44l
“wl.é
%2,
442, E
4410
“4n .5
“40.0
439.¢
439,.¢
434.8
439,80
G40 N
4r8.7
438,.1
“ir.e
4371.2
436,48
436.5
“iT.s
438.C
436.3
“«35.1
435.3
434,55
“346,.5
LEL Y
LR )
435.%
“33.9
43¥3.3
432.5
432.5
“s2.1
a3l
“32.3
433,.¢
44106
“il.C
430,
430.2
429, ¢
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L4
109% .3
11Cs.0
1H13.7
1019.1
1654.3
10€5%.7
1075.¢
1084.86
1€64.3
1104 .0
Lild.e
1C19.4
1052.6
1965.7
1C715.2
10847
1094 .3
1103.9
i113.6
10Bi.%
1050.1
1Cér.06
1€15.0
1084 .5
1CS4%.1
1iC3. e
113.2
16811
1C50.C
1065.3
10767
1C8s. L
083,86
LiCs.2
1liden
1Cel.8
1051.4
1064.9
1Crs
LGB .6
1093.1
H1ce. e
1112.2
1080 .5
1054.9
1Ces.C
10785
108249
1092.13
Li0L.%
e
icet.e
1C56.1
1063.3
1C%.6
ICEL.S
1091 .4
1100.8

Table B.5 (continued)

wi0sTY

8.
19.
18.
L.
r.
2C.
18,
18,
19,
9.
19.
7.
115,
21.
18.
19.
18,
19.
19.
170,
160,
0.
19.
18.
18,
19.
19.
170,
160,
20.
18,
19.
19.
19.
19.
i,
lol.
21,
20.
9.
17.
19.
15.
1o,
158,
23.
19.
19.
19.
19.
20,
169.
197.
22.
19.
19.
19.
19.
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306 .0
ice.1
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3Ce.)
3C6.2
CH.4
o.4
306,94
6.6
3Ce.6
3o.e
6.7
ICs.7
3Co.8
ICe .8
306 .9
3ci.c
3CP.C
307.0
7.1
7.1
3r.2
3CT.2
7.3
7.2
307 .4
i
7.5
307.5
107.¢
HT.e
307.7
307.7
3cr.8
3CT.€
307.9
3CT.9
ICe.C
308 .0
B0
e,
308 .2
3Ca.2
3E.D
3.2
308 .4
3C8.4
8.
308.5
108.6
3C8.¢
08.7

PTCWG
21.85
Z1.5¢C
21.5¢C
21.91
21.92
21.93
21,92
21.94
21.95
21.9%
21.59¢
21.96
2h.97
21.58
21.99
21.99
22.€0
22.00
22.01
24.02
22.C1
22.04
2¢.04
22.C5
22.05%
22.06
22.08
2z2.01
22.08
22.09
22.C5
22.10
22410
24411
22.12
22.12
22,13
22.14
2415
22.16
22405
2z.11
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22.1¢8
22.19
22.20
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24421
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22.23
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22.24
22.2%
22426
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22.21
2é¢.28

LuSPay

4.60%
4.6013
4.603
4oted
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161.2
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141.5
141.5
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142.C
182.¢
142.¢c
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142.7
163.C
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Table 8.5 (continued,

Timg PREL  LECVZ LyaR  LSwWRL wlvy v wlusy aSTC LOGREL Tolm PriwmG LuSPAY  TwsSPav wECC
BTIC. 00 U.CLIC 463.1 486,22 29,4 0.0 1110.% 9. c.0 C, e 7 22.2¢8 5,269 163, 0.C
8720,00 0.C13 4631.0 486, 0 429.8 0.0 1u9s.3 170, 232.6 ia 22.29 5.291 1 C.C
BT30.00 O.0014 4L2.95 4837 430, ¢ C.C 1Cec. 1 i85, 226.3 1. 22.% S.48 143,89 c.C
OT80. 0G0 Dalul S6L.5 #BL.6 429.3 0.0 loso. i 25. c.0 C. 24.31 5.367 1436 0.C
B150,0C CoCIC 46C. 1 481, 1 428,17 c.0 1069.5% 19. 0.0 0. 22.131 S.367 14l c.C
8760.00 0.010 459.9 edl.0 24,2 c.C 1CTe.8 19. 0.0 0. 22.%2 5.367 163.e c.t
BIT0.00 0000 459.8 481.0 427.8 C.C LCas.C Z0. c.C Ou 24.33 S.367 1sd.e 0.0
BIAU. 00 0.Ci0 39,7 480.9 27,4 0.0 1087.5 19. 0.0 0. 22.133 S.387 14d.e 0.C
B790.00 0.010 459.7 40,5 «27.1 C.C 11Cs.9 20. 0.0 0. 22,34 2.367 12, C.C
BAO00.00C 0.0I0 454,86 SA0.8 426,17 0.0 1ili.8 b8, 236.0 1. 3C9.1 22,34 S.370 143,80 0.C
BBIC.00 O.CLY 455.6 «80.5 «28.) 0.0 1071.8 166, 8.6 1. 5.2 22.35% 5.429 143.5 ©.C
d820.00 0.GL2 457.° 478,17 «21.3 0.0 1us7.8 “b. 0.0 0. 309.3 22.3% S.462 l4a. C.C
8830.00 0.210 45¢. 17.59 426.3 C.C 1Ces. 1 20. .0 0. 309.3 22.37 5.462 166,1 c.C
B840, 00 0.Cal 456.5 477,77 425.9 0.0 Lrz.e 19. 0.0 C. 3C9.4 22.37 S.482 1461 0.C
B85C.00 C.CIC 456.4 77,7 425,.5 .0 108e .7 19. 0.0 T 3C9.4 22.38 5.462 14401 t.c
8860.00 0.040 45%6.3 477.¢ 425.1 C.C 1C%0.1 19. 0.0 0. 309.4 22.%9 5 462 1441 c.C
B870.00 Q.CLO 456.2 4TT.6 424,17 0.0 LiCa.4 2C. c.C O 309.5 22.3% 54482 1441 0.c
BBAC.CO C.CUU 456.2 477,86 424,46 0.0 11169 20. 0.0 0. (9.8 22.4C S.482 1441 0.C
B890.00 0.013 45€.C 77,2 425.% c.C 1076.6 166, 229.5 1. 309.6 2¢.81 S.512 144.4 c.c
800,00 0.012 454.9 476,101 425.5 0.¢ 10561 b6, ¢.0 0. 109.6 22.81 5.558 les.s 0.0
B0, 00 C.CiC a53.4 74,7 ’4,C 0.0 Lutu .6 20. c.o C. 9.1 22.42 5.558 14s.e 0.C
B920.00 U.CHL 453,01 4T74.°% 423.5 0.0 1075.9 19. 0.0 0. W09.7 22.42 G958 las.e c.C
8930.00 .00 493.0 41405 42342 c.C 1065, 2 19. c.0 Ce 309 .8 22 .44 5.957 14s.e c.C
8940.00 0.010 452.9 474.4 422.8 0.0 1094 .4 19. 0.0 Ce 3Cs.8 22.44 5.957 ies.e o.C
H950.00 C.ClL 452.9 474,4 422.4 0.0 1105 .8 19, 0.0 0. 3C9.5 4448 5557 144.¢ C.C
B960.00 U.0L0 452.8 416,72 &20.C c.C 1iis.2 19. 0.0 0. 309.9 22.4% 5.957 144.¢ c.c
4970.00 G.013 452.6 «78.0 427.9 ¢.0 1CEL.S Les, 23C.4 1. 3iG.C Lushe 5.598 1449 C.c
8980, 00 Cal1é 451.6 473,06 423, 0.0 10%0.3 154, Q.0 0. 10.c 22.41 5.653 165,2 0.0
B8990.00 0.C10 45C.C 471.% 421.7 c.c 1C85,.0 21. 0.0 0. 310.1 22.48 5.653 145.2 CoC
PWON.00 0,010 449.8 al1.2 421.2 0.0 104,27 19. c.0 0. 3o. 22.49 5.8653 145.2 0.0
PL0.00 C.CIC 449.7 &T71.2 420.8 G.0 1083 .4 19, c.0 c. 2c.2 22.45 S.653 145, 0.0
W20.00 0,010 449.¢6 4l1.1 420,55 C.0 109¢.7 9. 0.0 0. 310.2 22.50 5.€5%3 148, c.C
9030.00 0.U10 449.9% &71.1 420.1 c.C 1iC2.0 159, c.c 0. 310.3 22.50 5.0%2 185, C.C
040,00 QuClO 4469.4 4711 4l9.7 0.0 Lill.e 20. c.o0 C. 31C.2 22.%1 S.052 145,10 0.0
F0SC.00 (L1013 449.2 470.% 420.3% 0.0 1085 .0 167, 231.6 ie 310.2 22452 S.eE 145.2 c.C
060,00 0.0146 %68, 7 470.1 421.¢ c.t 10%¢0.3 155, 225.4 1. 30.4 24.52 5.737 145.¢ c.C
V070,00 U.CLO 4%6.8 468,73 419,.5 Ot 1ces.2 224 0.0 C. 3c.s 22.53 S.748 1aS.7 0.c
VOB0.00 C.LIC 446.6 40T.9 4189 0.0 wre.z 20, 0.0 0. 36,9 22.54 S. 048 145,17 0.C
#0000 0.C10 466, 467.9 4185 C.C 1cer.s 19. 0.0 0. 3i0.e 22.55 S.768 1450 c.C
V100,00 04010 486.2 «67.9 418,11 0.C 1L50.8 9. c.0 C. 310.6 24455 S.T748 145.7 0.0
VU0, 00 0.CLC a46.1 467,93 4L 7.5 0.0 11000 19, c.c C. JiC.¢ 24.5%¢6 S.T48 145,70 0.0
9120.00 0.010 646.C 467, 2 417.4 0.0 LiCv.3 20. 0.0 0. 310.7 22.56 5. 748 145,17 c.C
V130,00 0.012 445.8 s6l.¢ &L7.¢ c.c 196.9 165, 233.3 1. 310.?7 22.51 S.764 145.¢ Cc.C
140,00 0.CLS 445.6 467.2 418,06 0.2 1063.5 166. 1.0 Ie Jlo.e 24.58 5.819 146.0 0.0
FL50.0C C.C1L &443.5 465,22 417, g.0 1060.9 27. 0.0 0. 2iC.E 22.59 S.843 lee.i c.c
F160.00 0,010 4463.0 «b4. 1 4l6.¢ c.C 1cro. 20. 0.0 0. 310.9 22.00 S.843 166, C.C
FUT0.00 0.CL0 442.9 464 L 416.2 e.c 1079.% 20. c.0 C. Jic.s 22466 5843 146.2 0.0
VB0.00 0.CL0 462,82 464.6 415.8 0.0 1086 .6 19, 0.0 0. L. 22.61 5.843 146.2 0.0
190,00 0.CI0 442.7 4046 415.° c.C 10§7.8 19. e.0 0. 311.0 22.8) S.843 1406.2 c.c
WRO00.00 0.010 442.6 4866.6 415.1 c.c Lict.a1 19. €.0 0. 3. 22.82 5.843 148.2 c.0
WL0.00 0.CLC 442.5 464.5 4ls.8 0.0 Lidia? 66. 236.1 t. 31k 22.63 5,646 1462 0.0
220,00 0,013 462.4 64,2 416,01 0.0 1072.0 los. 228.0 1. 3.2 22.63 5.5C1 14e.f c.C
M230.00 G.012 440.6 452.7 415.3 C.C 1C5e.C “8. c.o0 0. 3.2 22.64 5.938 1467 C.C
V240,00 0,010 439.7 461.5 414.3 0.0 1uel.9 20. c.o C. LIRS ) 22.65 5.938 1487 0.c
925C.00 0.CIC 439,95 461.4 413.5 0.0 10770 20. 0.0 d. M1.3 22.66 S.938 14cea C.C
WH0.00 #0100 439.4 461.4 410,58 c.C 1Cec.i 20, 0.0 0. .4 22.006 5.938 146,17 c.C
92T0.00 0.0L0 39,3 46l.4 413.2 0.¢ 1C95.6 9. c.0 C. Yl.s 22481 5.938 140,07 0.C
980,00 0.CIC €39.2 s6l1.Y 612,88 0.0 1104 .6 19, 0.0 0. 3.4 22.68 5.538 146,17 0.0
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Table B.5 (continued)

Tine PREL LLCVZ LYAR LSWRL wiNJ 1 wI0SY w510 LOGRTL TeLw PTCwG LWSPAY  TwSPav wECC
290,00 0.0L0 €39.2 46l.5 412.5 0.0 1i13.9 20. c.0 C. 3il.% 22.68 5.938 186.7 0.0
9300.00 Q.C13 4359.C 400.5 413, % 0.0 1080.0 164, 230.1 1. 3N.E 22.65% 5.582 14e.S c.C
9310.00 0.013 «38.0 459.% 413,17 c.C 1€53.1 1. 0.0 0. 3.8 22.710 6.03% 147,28 c.C
#320.00 0.010 436.4 458,13 412.1 c.0 1Ce5.5 21. .0 0. Jil.7 2e.71 6.033 1812 0.C
9330.00 C.CiC #36.1 458,11 4ll.6 0.0 1074.5 0. C.9 0. 3.7 22.12 6.C33 1aT.2 0.C
340,00 0.CI0 «36.0 458,11 411.2 c.c 1CR3. 8 20. 0.n 0. 3.7 22.12 6,033 i80.2 c.C
9350.00 0.010 435.9 458.1 410.9 e.c 1092.8 19. c.e C. Il.s 22.73 6.033 167,20 0.C
9360.00 0.CIC €35.9 58,1 410.5 0.0 110 .0 19. c.0 Ca 111.8 24.12 6,033 147.2 0.0
370,00 O.CIC 435.8 458, 1 «1n.2 c.0 it 20. 0.0 0. 319 2474 €.032 40,2 c.C
180,00 Q.083 &35.5 457.7 410.¢ c.C ICec.C 165, i32.0 1. L9 22.715% 6061 1474 C.C
V390,00 U013 435.2 457,11 &l .4 0.0 1058.0 155, 225.8 ie 3e.C 22.75% 6115 187,08 o.c
P%00.00 C.000 &33.1 455.2 609.6 G.0 106U .6 26. 0.0 O« 312.C 22.76 G.131 18040 c.C
V10.00 0.010 432.7 456,28 409.1 C.C e 7 20. 0.0 e. 3. 22.11 .13 1877 e.c
W20.00 0.010 &32.6 %36.7 089 0.C 10188 19. .0 Ce 2. 2<.78 6,131 Q67,7 0.0
%3 00 0.CIC 432.5 456.8 408,08 G.0 1080.0 19, 0.0 0. 312.2 2i.08 6031 18T 0.0
W4u.00 0.010 432.4 454,85 404,13 c.C 1cSia1 20. 0.0 0. 3.2 22.719 6121 162 c.C
50,00 0,010 432.3 w5 .7 &07.5 0.0 11Ce. % 20. c.0 Cc. 3i2.2 24.8C 6131 a7, 0.0
960,00 C.CLO 432.2 45%6. % 401,86 0.0 SR 20. 238.9 1. 3112.2 22.8C 6.131 147,17 0.¢
70,00 0.0013 432,101 456.2 400, & 0.0 1673.3 162. 228.8 1. 312.3 24,81 6. 186 148.C c.C
B0.00 0.012 430.% 452.6 402 C.C 1056, 7 55. c.0 G. 3l 22.82 6.227 1482 C.C
990,00 0.C10 429.4 451.7 07,1 0.0 L0668 22. c.0 C. 312.% 24.8) b.d26 148.2 0.0
Y50C.C0 0,010 &79.2 4%1.5 406, ¢ 0.0 1075.9 20. 1.0 0. 2.4 22.02 6.22¢ 148.2 c.C
9510.00 G010 429.1 &51.% 406.1 c.c LCE».C 20. 0.0 0. 2.5 22.84 6.226 148.2 c.c
9520.00 0.CL0 429.1 451.5% 406.0 0.0 1094.2 20. 0.0 c. 2.8 22.8% 6.226 1482 0.0
9530, 00 0.CIC 428.9 #51.5 405.6 0.0 1103 .2 20, 0.0 0. 312.¢ 22.8% 6.22¢ 0.0
9540.00 0.CL0 428.9 451.5 405.) c.c 1112.5% 20. 0.0 0. 2.7 22.86 6.22¢ c.C
9950.00 0.CL3 428.7 451.1 406.0 o.C 10e4. 9 164, 231.1 1. 2.1 22.87 6.262 0.0
9560.00 0.C13 428.0 450.2 406.5 0.0 1653.6 151, 226.8 1. 2.8 2.8 e 0.0
570,00 0.C10 426.2 44H,5 404.5 0.0¢ 1065.9 23. 0.0 0. 312.8 2¢.88 €.322 C.C
VWHDL00 0,010 «25.7 448.1 &04,.2 2.0 1012.9 2c¢. c.0 0. N2.9 22.89 6.322 0.C
V590,00 0,010 425.5 web.C 4Us. 8 0.0 108c.C 20, ¢.0 C. 2.8 22.90 6.322 0.0
V00,00 0,010 425.3 447,65 4034 0.¢C 1091 .1 20. 0.0 0. 3s.C 22.9C 6.321 c.C
10,00 0,010 425.1 4471.7 403, 1 C.C 1iC0.2 20. 0.0 0. 313.0 22.91 6.321 c.C
#620,00 0.010 426.8 447,58 402.17 0.0 Liv9.3 21. 0.0 C. 313.C 22.92 6.321 0.0
9630.00 C.CLZ 424.3 44T7.0 «02.5 0.0 1097.0 161. 233.3 1. 313.1 22.92 6.338 0.C
640,00 0,003 423.7 44b6.7 4035 C.C 1C€3.5 164, 226.9 | 313.1 22.93 6.393 C.C
9650.00 0.00L1 419v.4 442,13 400.5 0.0 1054, 9 3. C.0 0. M2 24494 6.420 0.0
60,00 0.CL0 QLE.2 940.0 399.0 0.0 1068 .2 20. .0 0. 3132 22.55% 6.42¢C .0
70.00 0,010 417,9 440.6 398.5 0.0 1077.3 20. 0.0 0. 33.3 22.95% 6.42C c.c
680,00 0.010 417.8 440.% 398.1 0.0 10864 20. c.0 C. 333 22.96 6.419 1492 c.C
9%90.00 0,010 617,86 «40.% ¥u7.8 0.0 109%.5 20. c.0 C. J3.e 22497 6419 145.3 c.0
100,00 0.010 417.3 440.4 397.3 c.0 1104 .6 20, 0.0 0. i 22.97 6.419 146.2 C.C
Y710.00 0,010 417.2 440.3 ¥90.C c.C 1113.8 20. 0.0 0. 313.5 22.98 6.419 149.2 c.C
H120.0C 0.0 4166 439.4 397.% C.0 1€19.8 162. 23¢C. 1 1. 3.8 22.99 6,466 149.5 0.C
I730.00 O0.CL3 4l146.06 437.0 396.% 0.0 1049.1 149. 0.0 0. 313.¢ 23.CC 6.518 145.8 c.C
40,00 1,010 #llal «33.9 394.C c.C 1C6s.5 22. 0.0 0. 3.6 23.CC E510T 149.8 Cc.C
M50.00 0,014y 41G.8 533.6 393.5 0.0 10027 20, c.0 C. 313 £3.C1 6.517 149.8 0.0
9760.00 0,010 41C.6 «33.5 393.1 0.0 1081 .8 20, c.0 0. 137 23.C02 6,517 1458 0.0
170,00 0,010 41C.3 4336 ¥92.17 0.0 1090. 8 20. 0.0 0. 313.4 23.02 6.517 14S.¢€ C.C
180,00 0.0i0 410.1 433,73 392.3 0.0 1ice.C 2C. c.0 0. 313.8 23.03 6.517 1458 0.C
9790.00 C.010 4095.9 433.) ¥91.9 0.0 1109.2 20. 0.0 C. 313.8 23.04 6.517 149,.8 0.C
9800.00 0.012 «0%.7 432,35 392.0 0.0 1Ci.0 158. 233.3 i. 313.5 23.04 6.534 145,68 g.C
810,00 0.013 409.0 431.% 392,4 c.C 1€7 3.3 160, 226.9 [ 313.9 23.05% 6.9589 150.2 C.C
820,00 0.011 406.8 429.4 390.9 0.0 Car.? 22. c.0 C. 3160 23.08 6.613 150.3 0.0
9830.00 0.CL1C 406.8 #29.7 390.10 0.0 10ii.2 20. 0.0 0. 341 23.¢C1 6.€13 15C.2 0.C
9840.00 0.C09 406.8 429.9 390.4 c.C 1C8C. > 0. 0.0 0. el 23.08 6.613 150.2 c.C
48%0.00 0,009 406.d 430.0 ¥90,.¢ 0.C 1CEY. 8 20. c.0 €. s 23.08 6.612 150.3 0.0
IB60.C0 G CCY 4CB.5 429.9 389.8 0.0 sy .v 21. c.0 0. 3147 23.C5 6.612 15C.3 6.0

€51



Table B.5 (continued)

Vime PRel  LDCVE LYyaR L S5Hup L v wiosy wuTl LCu*eL Tulw PIiwG LwSFAY  TeSPAY nECC
T, 00 0009 4083 429,79 Jgd.e G.C 118, ¢ 21. c.c 0. Ma.2 23.C9 s.6102 150.3 0.C
880, L0 CoCis 405.8 429.85 300,38 .0 1101 .2 164, 234.1 1. 4.2 23.1¢C Cotev 15C.n 0.C
90,00 D.C14 eua,H 427,4 3849, J.0 1065 .8 199. 227.% i 363 23.11 6.8 15C.7 c.C
900,00 G.ULL 405,86 426,46 48,7 €.C 1Ceu.2 2%, c.c 0. TN 23.12 6.708 150.8 c.C
INN0.00 0.0L0 4035 Scb.b 3484 0. 1070.1 20, c.0 Ce 4.4 23.13 6.708 15C.¢ 0.c
Y920.00 0.C0% «U3.5 «26.7 1e8.) 0.C 1079.4 20. 0.0 0. b 23.13 €.7CE 15C.¢ c.C
930,00 0.0U% 403,95 426.% 187.5 L.C ICEv.8 206. 0.0 0. 3145 23.14 6.708 150.¢ 0.C
940,00 0,000 404.2 26,1 331.5 0.0 ILSa.1 P .0 o, ETES ) 23.15% 4708 150.8 0.C
F950.C0 Q.CO0% «03.C 426, 7 387, 2.0 1107 .4 21 0.0 0. Jia.t 23.1% €.107 15C.¢ c.C
1900.00 0D.CL0 &.2.d 626.5 Yde. 8 c.C 1cr.y 96. 235.3 1o I8 23.16 €713 15C.8 c.C
PIT10.00 ODuuld 401U 26,4 Yib.4 C.C loeu.? 186G, 221.9 1. LR 231 6.768 15141 0.0
VIB0.CO0 Oaill 4002 423.2 3lu.e 0.0 L1058 .2 e, c.0 Ce LN ) 23.1¢ 6.ECY 15).) 0.C
V990,00 0.CIC 4CG.2 «23.7 386.1 g.0 1068.7 2l. 0.0 0. ER L) 23.18 &.002 151.2 €.¢

L0000,00 0.009 4CU2 423.5 ¥d5.¢ c.0C 1078, ¢ 2C. c.0 O. ‘.8 2.9 6.803 151.2 C.C

1O010.00 0.C0Y% &00.J 423.5 385.8 6.0 1087, 2l c.0 C. 23.20 b.uud 151.3 e.C

L0020,00 G.0Gs 299.9 423.% 385.2 0.¢ 1097.0 21. 0.0 0. e 23.20 6.E03 151.2 c.C

1OUN0.00 0,009 399,.7 423,95 Jde.t c.C 11Co.% 21. 0.0 0. 5.0 23.21 5.803 151.2? c.C

10040.00 0.CU9 399.6 43,4 Ina.s 0.C 5.9 1. 236.9 [ 315.C 23442 6.803 151.3 0.0

LO0SC.00 0.003 398.C 421.1 4. 0.0 1071 .7 158, 228.% 1. 315.C 23.22 C.ESE |S).6 0.0

LU0A0.00 O.01L 397.1 420.2 We.2 c.C 1Co8.4 i9. 0.0 0. 319.1 23.23 6.896 151.8 0.C

LOCT0.00 0010 397.1 420.% 383.9 0.C ICew. s 21. 0.0 U 35.2 43.24 L] 151.8 ¢.C

10080.00 ©.CO0% 397,101 %20.5 383.8 0.0 1019,0 21. c.0 0. 3182 23.2% 15" .8 0.C

10090,00 0.C09 29€.5 420.95 383,43 0.C 108n.4 21, 0.0 0. 315.3 23.2¢6 151.¢8 €.C

L0L00.00 C.009 396.6 420.4 ¥A2.¢ 0.C csr.9 21, C.0 0. 315.3 23.26 151.¢ Cc.C

LOLL0.06 C.Cu9 Ive. 3 «20.46 3I82.5 0.0 L107.3 22. C.0 Cc. 315.2 23.21 151.8 0.C

L0L20.0C 0.01C 29¢.2 «20.2 ¥%2.2 ¢.0 1108 0 93. 235.1 i 35.4 23.21 151.¢ c.C

10130.00 0.013% 394.6 S18.1 382.) C.C 6.y 156. 227.8 1. 3iS.4 23.010 152.1 Co.C

L0L40.00 O.0ll 393.9 417.1 ¥ol.8 0.C 1C59.5 30. c.0 C. 315%.5 é3.¢9 152.)3 0.C

LULS0.00 OC.CIC 393.8 17,2 3ul.¢ 0.0 1064.9 21. 0.0 0. 315.% 23.3C 152.13 0.C

19160.00 0.C09 393.8 617.4 AL, 2 C.C 1C19.5 21. 0.0 0. 315.6 23.11 152.: 0.C

LOL70.00 0.00% 393.6 417.4 380.9 0.0 1C89.1 21. c.0 C. 315.¢ 23.31 1%2.1% 0.0

A0180,.C0 C.CuUS 393.46 417,35 340,55 0.0 109s .6 21. 0.0 2. 315.7 23y "2 152.) 0.cC

10190.00 (.00 393, 417.3 380,2 0.0 110d.2 21. 0.0 0. 5.0 43.3) 152.2 C.C

10200.00 O.01L ¥392.6 417.0 380.1 Y.C TiCi.3 13e. 234.1 1. 3is.? 2%.3) 152.4 c.C

10210.00 040613 391.2 &16.0 379,88 0.0 1063.9 155. 2i%.0 1. 3iS.e 23.34 152.7 o.C

10220.00 0.011 39C.5 &1V F 379,.4 0.0 1060.0 26, 0.0 0. I15.8 23.35 1%2.¢ c.C
0230,00 0.010 390.5% 414.,C 379.1 c.C 1C1.2 21. c.0 0. 5.9 23.36 152.¢ C.C

L1U240.00 0,009 390.4 414, 378.9 0.2 1919.9 2l. 0.¢ C. 3le.C 3.3 152.8 0.0

L025€.00 © .CO% 39C. 4 alb,. ! V18,7 0.0 10897 21. 0.0 0. 316.C 2.0 152.¢ c.C

10260.00 0,009 390.1 414.5 378,32 c.C 1054, 3 22. 0.0 C. 316.0 21,38 152.¢8 0.C

10270.00 0.009 389.9 414.1 77,8 Q.0 Lic9.0 2. c.C O 316.1 23.3% 152.8 c.0

1028C.00 0.C12 I8S.1 &138.5 3111 0.0 1096 .2 151, 233.1 1. e 23.38 152.% 0.¢C

19290,00 0.013 287.5 411.2 3175 0.C 1059.7 153. 226.4 1. 3le.2 23.40 153.2 C.C

1U300.00 0,010 387.4 410.9 3717.¢ 0.C 106z, 7 23, c.0 0. 6.2 23.61 153.3 0.0

10310.00 0.CO09 387.4 4Gll.t 376.9 0.0 17247 22. c.0 Ce 3l6.) 2%.42 T.00C 153,23 0.0

10320.00 0.Cu9 17,4 4ll.? 376,707 0.6 1082.6 21. 0.0 C. 6.3 23.43 T.07C 153,13 C.C

1033%0.00 0.009 38, 2 411.3 376.2 C.C 1€52. 3 22. c.0 0. 364 25.43% T«h70 15,2 c.C

10340.00 0.009 386. &11.2 375.9 0.0 110<.0 22. .0 0. Ji6.4 23.44 T.078 153.) c.cC

LU3S0.00 C.CO0% 386.7 «ll.1 375.5 0.9 1iil.8 22. 0.0 U. Jl6.4 23.44 T.070 1523 c.C

10360.00 0.013 265.5 409.% 315.4 c.C 10843 156. 230.9 1. 316.5 23.45 T.203 153.5% C.C

L0370.00 0.013 384.5 07,9 315.3 0.0 1C5%0.8 138, 2264.2 1. 3ie.° 23.486 1.257 153.8 0.C

10380.00 O0.CIC 384.2 40T.9 374,99 0.0 106».1 22. 0.0 0. Jle.e 23.417 T.260 153,80 0.0

LU390,00 0.Cu9 384,2 4CH. L 374,¢ C.0 1. 22. 0.0 0. 3l6.6 23.48 T.26C 153.¢ c.C

10400.60 0,009 384.2 408.% 376.4 0.0 1ces.c 22. c.0 . 316.7 23.48 T.260 153.¢ 0.c

10410.00 0.CC9 384,0 408.Y 374,414 0.0 1094 .9 s c.0 c. 6.7 23.49 1.260 153.¢ 0.0

10420.00 0,009 2E3.7 08,1 373.¢ 0.0 110e.7 23. 0.0 0. 8 23.50 T.20C 153.¢ c.c

10430.00 0.009 383.4 408.1 373,¢ c.cC Lil4.5 23. C.0 0. 23.5%0 T.260 153.¢ c.C

10680.00 0,013 382.1 06,1 373,14 0.0 1072 .8 1524 228,17 ie 23.51 7.309 154.0 0.0

%Sl



Table B.5 (continued)

TINE PHREL  LLCVZ LYAR LSHRp wikJ # WYCST wsic LOGREL TGOm PICNG LWSPAY  TuSPay nECC
10650.00 0.011 381.3 4u4.9 372.9 c.C 1056.1 “2. 0.0 0. 316.9 23.52 To347 1542 o.C
1U860.,00 0.010 381.2 05.1 312.¢6 c.C 1ces.1 22. c.c C. 3r.c 23.5% To347 154.2 0.0
104T70G.00 O0.C09 381.2 «05.3 312.4 0.0 1079.8 22. 0.0 0. 3t.c 23.54 To347 15402 0.¢C
10480,.00 0.009 321.1 405.4 372.1 c.C 1ces.r 22. .0 0. 3r.0 23.54 To367 154.2 C.C
19490.00 0.009 380.8 «05.% 371.7 2.0 1C99.6 22. c.0 0. 3it.1 23.55 T.347 1562 0.0
10500.00 C.CCY I80.5 405.2 371.3 0.0 1109.0 23, 0.0 0. 3. 23.5¢ T.3417 1542 0.0
10510,00 0,042 279.6 404.3 31,2 0.0 1C91.3 152. 232.2 1« nr.2 «3.5%8 T.365 154.2 C.C
10520.00 C.CL3 378.5 402.2 31'.0 0.0 1055.1% 141. 245.2 1. 3r.2 23.57 74423 1540 0.c
L0530.00 C.CIC 378.3 402.2 310,17 0.0 1064.0 23, e.0 C. . 23.58 T.434 1547 e.C
10540.00 0,009 378.3 «02.4 370.5% 0.C 1074.3 22. 0.0 0. 37.3 23.59 T 434 15407 c.C
10550.00 0.009 374.1 4V2.¢ 310.4 C.C 1083 3. c.0 0. T 23.60 T.4346 1547 c.c
10560.00 0.009 3¥78.0 402.% 369.8 n.c 1094 .4 23. c.c c. 3T 23.6C T 434 154,07 0.0
LOST0.C0 0.CO9 277.7 402.4 369.4 e.0 1104 .6 23. 0.0 0. MT.e 23.¢1 T.434 1560 c.c
10580.00 0.009 377.3 02,3 39.C TG Ll1s.4 23. 0.0 c. 3.5 23.81 T.434 15407 c.C
10590.00 0.013 376.2 400.4 368.9 o.C 1€04.2 150, 228.9 1. 317.5 23.82 T.481 154.9 ¢.0
10600.00 0.C12 375%.2 #99.0 388,68 c.0 1056.2 S51. 0.0 0. 317.¢ 23.6)3 T.521 195.1 0.c
10610.00 0.C09 2719.2 399.2 Jeb.4 0.0 1Ce8.4 23. 0.0 0. 378 23.¢4 T.521 1%%.1 c.cC
10620.00 0.009 375.1 399.4 3e8.1 0.0 1078, 22. c.c c. nr.y 41,65 T.521 155.1 0.0
L0u 2400 0.C0% 375,101 399.6 367.9 2.0 LO8K .8 23. .0 c. it 231,85 1.521 155.1 0.C
L064A0.00 0.C09 274.7 399.% 367.4 0.C 1098.9 23. 0.0 0. Jit.8 23.68 7.521 155.1 c.c
10650.00 0,009 374.4 399.% 367.1 c.C 1icy .0 24, c.o 0. 7.8 23.67 T.521 15%.1) 0.cC
10660.00 0,012 373.8 398.5 366.8 g.C 10933 145. 232.6 1. It.e éi.el T.540 155.2 0.0
10670.00 C.C1Y 272.7 396.¢ 36,8 0.0 1055.8 140. 225.3 1. 1.9 23.¢8 7.99% 19%5.% c.C
10680.00 0.010 372.3 396.4 166.4 c.c 1084, 7 24, 6.0 0. 7.9 23.69 T.605 15%5.¢ c.c
10690.00 0.009 372.3 196.6 366.2 0.0 1075.1 23, c.0 c. 218.C 23.10 T7.605 155.6 0.0
10700.00 0.C08 372.2 396.8 366.0 0.0 Luss .4 23. 0.0 0. Je.c 23. 71 1.60% 155.¢6 0.0
10710.00 0.009 271.9 3196.7 365.5 c.C 19%.6 23. 0.0 0. RN 23.1 T.60% 155.¢ c.c
10720.00 0.00% 371.6 396.7 365.1 c.0 1:0%.8 23. c.0 0. 8.l 23.12 T7.605 155.6 0.0
LUTIC.00 Cav iy ATL.4 396.7 Y047 0.0 Lill.6 S4. 23%6.1 1. 3is8.1 23,13 T.608 155.¢ c.0
10740.00 0.C13 27C.0 394.2 364,17 2.0 1085 .6 146. 221.3 1. 8.2 23.13 T.663 155.9 c.c
10750.00 0.010 369.3 393.4 Y64.4 L.C 1Ce0.4 29. c.¢ C. 38D 23.74 T.690 156.C 0.c o
10760.00 0,069 369.3 393.6 3184.2 0.0 1071.4 3. C.u 0. 8.3 23.7% 7.690 156.0 0.c w
LOT70.00 C.CO9 369.3 393.9 3s3.5 ¢.0 1081.8 23, 0.0 0. 8.4 23.7¢ T.69C 156.C c.C w
10780.00 0,909 %69.1 ¥94.¢ J6d.¢ c.C 1€52.2 23. 0.0 0. 318.4 23.n T7.690 156.C CoC
10790.00 0.009 8.8 39).9 363.2 0.0 Licz.4 24, 0.0 0. 8.4 23.m 7.689 156.0 0.0
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APPENDIX C. GLOSSAEY OF ACRONYMS

Alternating current

Automatic depressurization system

American Society of Mechanical Engineers

Anticipated transient without scram

Boiling water reactor

Condensate booster pump

Condensate pump

Control rod drive

Control rod drive hydraulic system

Core spray

Condensate storage tank

Decay heat removal (froam the pressure suppression pool)
Emergency core cooling systems (typically refers to the HPCI,
LPCI, and CS systems)

Emergency operating instruction

Emergency Procedure Cuidelines (published by the GE RWR Owmers
Group)

Final Safety Analysis Report

General Electric Company

High pressure coolant injection

Loss of coolant accident

Low pressure coolant injection (emergency coolant injection
operating mode of the RHR system)

Low pressure emergency core cooling systems (includes LPCI and
CS systems)

Main feedwater pump

Main steam isolation valve

Net positive suction head

Oak Ridge National Laboratory

Operating instruction

Primary coolant system

Pressure suppression pool

Reactor building closed cooling water (provides cooling water
to the dryw: i1 atmosphere coolers)

Reactor core isolation cooling (steam-driven high pressure
injection system)

Residual Heat Removal (multi-purpose heat removal and/or
injection system with various operating modes — for example
the LPCI mode or the PSP cooling made)

Severe accident sequence analysis

Small break (typically used to describe loss of coolant acci-
dents)

Standby liquid control (system provided to pump sodium
pentaborate solution into the reactor vessel, if necessary)
Safety relief valve

Top of active fuel (i.e. the elevation thereof)

Tennessee Valley Authority
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