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

R. M. Harrington
L. C. Fuller

o

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.

a
1. INTRODUCTION

BWR-LTAS is a digital computer code written to calculate the,

ef fects of operator actions on the general thermohydraulic behavior of
the Browns Ferry Unit I boiling water reactor (BWR) following a hypo-
thetical station blackout event. The code consists of the differential
and algebraic 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 initial 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 Tern 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 is the intent 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:

0

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

2. Reactor vessel pressure,
D
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.j.

t:

2
;

E

q. 3. Average fuel temperature,
,4. L Reactor vessel injection flow, *

,

i :5. Safety-relief valve (SRV) flow,
-6. Containment pressures and ' temperatures, and

-

7. ' Suppression pool water level and temperature.
e

These variables may be calculated for -arbitrary time periods fol-
~1owing initiation of the accident sequence-typically several hours for

'

a sequence such as station blackout. Run specific input includes:
2

-1. Inj ection flow vs time or an algorithm to represent operator
j control of reactor vessel water level,-
1 2. SRV opening (s) vs time or an algorithm to represent operator
{ control of reactor vessel pressure with the SRVs, and
j 3. Initialization parameters: initial time elapsed since reactor
I trip, initial reactor vessel pressure and level, and initial'

containment pressures, temperatures, and suppression pool
level.,

!
j 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). In 1980, the

Severe Accident Sequence Analysis (SASA) program was formed under the
i sponsorship of the Containment Systems Research Branch of the Division
j of Accident Evaluation of the USNRC. Among the cooperating national
; laboratories, ORNL was assigned the task of performing realistic analy- E
q ses of BWR severe accidents, including core degradation and fission
j product transport. The objective of the studies centered on a limited
| number of postulated reactor accidents that could lead to severe fuel

6
j

1 damage.
I It was decided to concentrate the ORNL SASA Program analyses on a

.

q specific representative plant, Browns Ferry Unit 1, because the
1 Tennessee Valley Authority (TVA) had agreed ~ to cooperate fully with the
] ORNL SASA program and because the Browns Ferry plant is - typical of
j operating BWRs. Even now, 13 of the 29 operating BWRs in the United
| States are BWR 4 with Mark I containment (Ref.1.7), as is Browns Ferry,

and nine BWR 2 and BWR 3 plants also have the Mark I containment.i
i

The first accident 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

<

j calculations. This is especially ' true of BWR accidents, L such as the
j station 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
{ boil-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
}j of the accident prior to severe fuel damage.

*
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"No 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, :nost of its programming was based on the

e pressurized water reactor (PWR) designs and because it did not have suf-
ficient 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 study.

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 af ter 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 contafnment (Ref. 1.3). For this study,4

programming was added to BWR-LACP to simulate the leakage of saturated
or subcooled water from the reactor vessel. In addition, models for the

h 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 'email break LOCA outside primary containment study because, even
witt the small break size assumed, most of the decay heat was deposited
in the reactor building 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 af ter 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). In 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, 3

the river, is lost and containment pressure builds until the failure '

pressure is reached. For this study, programming to model the drywell
coolers, the pressure suppression pool coolers, the net positive suction

P

'

I;

|
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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- *

ized 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 investigated 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 af ter 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 solution in the lower plenum) after initiation of the SLC A

system, the flow injected into the reactor vessel by the LPC1 and Core
Spray systems, the effects of ranctor vessel pressure and drywell tem-
perature on the various reace.or vessel water level indication systems in d
the control room, and to provide a more complete simulation of automatic .

and manual SRV actuation. The resulting version of LACP was used to in-
vestigate the ef fect 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 containment.

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 is 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

.
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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 ' is designed solely for the . study of the initial phase of
severe accident sequences, while the vessel inj ection 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.

o

e

4
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2.- REACTOR VESSEL INJECTION SYSTEMS,

The functioning of the pumping systems that inj ect water into the !

reactor vessel is very important to ' any accident sequence. As long as
0 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 HPCI systems are capable of injecting adequate
makeup flows agaf not 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 driven 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 gpa nominal RHR system in-
jection capacity and 12,500 gpm nominal Core Spray system capacity) into
the depressurized reactor vessel af ter large break LOCA accidents. . Theye

can be utilized by the operatcrs to provide low pressure injection when
there is no line break, however, this would be inconvenient since the

t 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- I

water header inside the drywell; their inj ection is sprayed into the
reactor vessel downconer 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 region of the reactor vessel through the control rod
guide 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 gpa (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 detail in the BWR-LTAS simulation of each injection
s/ stem is a reflection of the requirements of each of the six completed
accident ' events studied by the ORNL SASA ' team. There has been no
attempt to model all possible operating modes or each and every valve4
and control. Separate subruutines have been provided for the different
inj ection systems so ' that the user may ' conveniently and selectively
modify the programming for each system as needed for ' future studies.

.

_ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ . _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _
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2.1. RCIC/HPCI Systems
.

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 e

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 f ractional demand:

Wrcic = (Reicmx) (Reicd)
Whpci = (Hpcimx) (Hpcid)

where

Wrcic = RCIC flow (lb/s) injected into reactor vessel,
Whpci = HPCI flow (ib/s) injected into reactor vessel,

Reicmx = maximum RCIC flow at rated conditions, *

Hpcimx = maximum HPCI flow at rated conditions,
Reicd = operator-demanded fractional RCIC flow,

.

Hpcid = operator-demanded f ractional HPCI flow. l
.

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

The inj ected 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 reduced turbine inlet pres-

The mechanical energy that can be extracted by isentropically ex-sure.

panding steam from some 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 steam is required to maintain constant
production of mechanical energy. The two competing ef fects of reactor
vessel pressure, when combined, yield an approximately linear rela-
tionship between vessel pressure and required steam flow

,

Wte = Wte100 (.1384 + 7.659E-4P)

? -

|
.
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where
O

Wte = turbine exhaust flow (1b/s),
Wte100 = turbine exhaust flow (lb/s) at rated injection flow with

reactor vessel at a reference pressure of 1125 psia,
o 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 flow is being injected into the
reactor vessel. If vessel pressure is maintained constant, but the rate
of injection is reduced, the turbine will require less steam. This ef-
feet 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 = Hpcid (Wte100,hpci)(.1384 + 7.659E-4P)
Wte,rcic = Reicd (Wte100,rcic)( .1384 + 7.659E-4P)

where

Wte,hpci = total HPCI turbine exhaust flow (1b/s),
Wte,rcic = total RCIC turbine exhaust flow (lb/s),

Hpcid and Reicd = as defined previously, fractional inj ection

demand,
Wte100, = turbine exhaust flow (lb/s) at rated 100% flow

o with reactor vessel at a reference pressure of
1125 psia.

The HPCI and RCIC turbine exhausts are piped to quenching spargersi

submerged in the suppression pool. These are vertical pipes, one for,

HPCI 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:

RSTE = 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 (af ter the vessel water icvel has increased by over
100 in). When water level again decreases to the initiation setpoint,
the HPCI 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 operators4 need not wait for automatic initiation. They may start either the RCIC
or HPCI system at almost any time, and throttle demand as necessary to
effect the desired control of vessel water level. T :e demanded frac-
tional HPCI flow is equal to the operator-set demand, as modified by the

.



10

automatic trips or isolations:
.

Hpcid = (D,hpci)(B,hpct)
Reicd = (D,rcic)(B,rcic)

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)
,

i 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 af ter 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 CRD3S 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:

h = 2.32 Prv + 35 + hp u

i where

h = head developed by the CRDHS pump (s) (ft),p
P2.53=reactorvesselpressure(psig),

=

144 in /gg22 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).u

| This equation is a simple statement that the CRDHS pump must develop "

| sufficient head to pump against reactor pressure while offsetting the
'

elevation dif ference 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, p u
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:*

*

Bi = (-b +/b2 - 4ac)/2a

where

By = flow injected into reactor vessel (gpm),
21 - h /N ),a = (K 2
P

b = -(h + 2h B,/N ,i 2

2c = 35 + 2.32 P - (h + h B, + h B ) ,1 2

B, = flow recirculated to pump suction (gpm per pump),
K$=numberofCRDHSpumpsrunning,
N =

2loss coefficient (ft/(gpm ),
h , hl, h2 = coefficients developed from least squares pump curveo

fit.

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

2" h =KB1u

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

h =h +hB + h g2
1 2

P O P P4

where

B = B /Np + B, .p t

The values for the coef ficients 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 + 1.5528 - 0.02517B2
P P P,

The calculation of loss coefficient, K1, is more involved because two
parallel flow paths were considered: (1) the normal post-scram _ flow

4

* Actual values of system parameters lead to only one positive root.,

1

-,
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path through - the charging header and :the open ~ scram inlet valves, and
I' -(2) the pump test. bypass flow: path-(which can~only be opened by operator

. *

action)1 into - the'. reactor - vessel ' via valves 85-551 and 85-50. (see Fig.
i 2.4). Thus, the loss . tern K1 is a composite of the two . parallel flow '

paths and - also ofL a third, series resistance - the 85-527. throttling ,
; -valve * through' which all inj ection must . flow before entering the

charging header ~ or the pump test bypass header:
4

k

-K1 = 1/(1/Kg + 1//Kptb) + K,
,

I
| where
:

; K1 = overall~ loss coefficient,
i Kch " loss coefficient for flow through the charging header,
i tb = 1 sa coefficient for. flow through the pump test bypass, and

= loss coefficient for the 85-527 throttling valve.y
.

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 re duces to K1 = Kch+Ktv. The input parameters in
i Table 2.2 of this report utilize a.value of (Keh + Ktv) that was derived
j from Fig. 3.4.-10 of the Browns Ferry FSAR: (Kch + Ktv) 0.0954=

i ft/(gpm ).
| There is no FSAR data on flow through the pump: test bypass, so a

. ,

j value was estimated by taking into account the known fittings and valves
j in each segment of piping of different diameter: K tb = 0.01 ft/(gpm ),2

pj_ The flow resistance of the 85-527 throttling valve was inferred ,

-
~

from Browns Ferry 01-85, " Control Rod Drive Hydraulic System," which *

states that the valve has been set to maintain a 1500 psig control rod
i drive pump discharge pressure (i.e., as measured directly upstream from
j the valve) under normal conditions (before scram, with 60 gpc injection
; flow and 80 gpm total _ pump flow, considering' the 20 gpm recirculation-i

flow). This information is sufficient to allow the pressure drop across
i the throtting valve to be estimated because the pump developed head is
! available from the head capacity curve, and because the relative eleva-

.

i tions of the CST and the pump discharge header are known. The calcu- !
j lated estimate of throtting valve flow coefficient is: '

2K = 0.0507 ft/(gpm ),ey,

,

i

For cases in which the .85-527 valve is fully opened as specified' by
.

Browns Ferry E01-41, it is assumed that K is reduced by factor of ten
,

2 tvto 0.00507..ft/(gpm ),
!
i

| .
!

,

*See Fig. 2.4.
,,

.

y(Yem-or*p++e--Mem-mu- g M't'rT 9'T--T'-f T'7 er -4 -7+m 9 .-.4-iy,p 9- ,----,y eirW-- d c-yg bre esq-+-W'-m-..-p-y-i%g.94m -.p r- 44y p 1- yy we,-- w- *es-iwp- m -.y-.ap,-: s -
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As part of the CRDHS modeling, an expression was developed to cal-,
- culate the pump 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:

e

P,=Pata elev ~ 1,a'p

where

AP,g,p, = pump suction pressure (psia),
P

= 21.2 + 0.431(CST level) (psi),y

APg,, = unrecoveralle pressure losses plus acceleration pressure
drop (psi).

The value of the loss term, AP was estimated from the calculated,

operating conditions provided in'' tabular form on Fig. 3.4-10 of the
Browns Ferry FSAR:

AP = 0.000516 B21,a p,.

where B = flow per pump (gpm).p
The 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 assu.:ption is-reasonable since the section of piping between
the CST and the CRD pumps that is common to both pumps is much larger,

s 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 booster pumps .
(CBPs) and main feedwater pumps (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 isolation. 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 into
the pressurized reactor vessel. The combined shutoff head of the C?s

..and'. CBPs is s only - about 40% of the normal' reactor vessel pressure.
4' Figure 2.7 shows'the head vs flow curves typical of Bro ms 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 depressurization of the reactor vessel occurs later in

- e.

5
e - rv + m rs v ar . .
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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) of 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
i losses, elevation change, and static head in the reactor vessel:

AH = AH1 + P (144/Rhoc) + AH,p y .

where
:

| AH = head developed by the pumps (ft).
AH$=unrecoverablelosses(ft),

!

A H, _ = elevation ' of the reactor vessel injection point above the |
hotwell'(=56 ft),

P = reactor vessel pressure (psig),y
3Rhoc = density of the condensate (1b/ft ).

; The AH ' term is calculated from the known performance curves (Fig.
2.7). pThe head loss term is proportional 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 paid for normal full power operation; the effective loss ,

:

term at' 100% . flow is then increased to 250 paid to allow for the flow
resistance of the idle MFPs. Fcr each vessel pressure, P , there is an-

yinjected flow. for which the above equation is satisfied. For-the Browns
j 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
dif ferent 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.
T.sble. 2.4 specifies input parameters required by the simulation. The CS
system and the Low Pressure - Coolant- Injection (LPCI) mode of Lthe 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. -

.

.

i
e

_ .

y a h,a p 4 q y e v 9 :--'
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'

Normal suction for both CS and RHR. sy stems 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
,

.into the reactor vessel via spray headers located directlyinjection
above the top of ' the core. The RHR system injects into ' the discharge
piping of the main recirculation pumps, and enters the teactor vessel,

via the jet ' pump inlets. The entry . point for low pressure inj ection
does not make much dif ference 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 j

steam if the reactor vessel water level is below 380 in* (the level of
:the CS spray headers).

The operators can influence the flow injected by the CS or RHR sys- !

tems af ter their automatic initiation by turning off one or more pumps
j .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-
coverable losses in piping. (Ref. 2.4) The throttling of the injection.

valves is not simulated. Figure 2.11 shows the head vs flow curves
; typical for Browns Ferry.

i

. Blpci = (10316)(1 - Dpeces/331)o.5
I

Bes'= (3879)(1 - Dpeces/342)0.5,
,

where
.

; , Blpci = bulk flow (gpm) pumped from PSP into reactor vessel per
RHR punp,

i Bcs = bulk flow pumped from PSP into reactor vessel per CS pump,
Dpeces = reactor vessel pressure minus PSP pressure,(psid).

t

The corresponding mass flow equals the number of running pumps times the,

| bulk flow per pump times the density of the PSP water-

i

2.5. Manual Control of RCIC and/or HPCI Injection
.

Operators pref er to use the RCIC system . to supply reactor . vessel .
injection - requiremnts ' during the recovery period 'following a reactor;

'
. scram _ ith MSIV elosure. The 600 gpa RCIC capacity is very close to the-w

: injection. required - to maintain constant water level immediately af ter a
|

scram from- full power. Of course, if there.is a coolant leak, another-

.

< a

;- * Normal reactor - water level is 561 - in. . above vessel - zero.1 The top
; of active fuel (TAF) is at.360 in.

"
.

-

- --- - 4 v- m gi rm.ym 9 4Jr.- c- g---em ( E*6 g-



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

i

16
!

i

|pumping system, such - as the HPCI system...would have to ~ be started.- i

About I- h . af ter a' scram from full power, the decay heat has decreased
~

4

!
*

: 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 vessel4

a,

water level and the abrupt stcrt 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 the RCIC system is simulated.'

'

Operator control of the larger but very similar HPCI system is simulated i|' 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 prograanning to simu-

; late . this behavior is straightforward. Table 2.5 summarizes required '

i input and also serves to outline the program logic. Very low flows are
i avoided due to the possible onset of controller instability (i.e. the
i controller tbst automatically adj usts RCIC or HPCI turbine speed to
i achieve the flow -demanded by the operator); therefore the demand frac-
; tion is not allowed to go below a minimum value, Dmin.

I
2.6. Net Positive Suction Head (NPSH) Requirements

,

i

| 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:

e

i

NPSH = (P, + Pd - P,)(144/ Rho) "g

{ where
1
2

P, = static pressure (psia),
. _

s

Pd = dynamic pressure (i.e. velocity head (ft) times density /144),
P = vapot pressure (psia) evaluated at the temperature of they

water as it enters the pump,
3

. Rho = density (Ib/f t ) of the water _ being pumped.
1

Most pumps. require a minimum NPSH 'in' order - to operate properly. If .~ a
, pump is run without sufficient NPSH, .a variety - of Econsequences can ' re-~

sult, from degradation ofL the pump developed head- to cavitation - and'

erosion of the pump impeller and possibly ~ to total' fatlure of the pump;

.

or peep 'notur. Pump: manufacturers typically publish a minimum recom-
_

mended G'SH for each of their pumps. - Operation at or above this minimum'

I .will assure smooth, cavitation-noise free operation -with no ' more than a -
; 3% degradation;of the' developed head.
{.

'

!

~

1.
.

: ;
,

..

-?--=*g>-1ev---e v + wy a y * - - :--- 1y,.- e w. +-mTJ*r t-' 7 F ++i+c8 ,.
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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
OENL 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 f ailure of
the RHR pumps , the following expression was developed to calculate the
NPSH of the RHR pumps:

Harhr = Hm + Dzrhr - (Hirht(Nrhr1 ) + H2rhr) (Brhr/10000)22

Hm = (Ptspg - Pv)(144/ Rho) + Dipsp

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 (f t) of the surface of the PSP above the
RHR pumps,

* Hirhr = head loss (ft) at 100% flow in the RHR suction piping
common to both pumps in the loop,

Nrhri = 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 nominal 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 NPSil is programmed. If

the PSP temperature were excessive (ssf, above 190*F) it would be auch
better to take suction on the condensate etorage tank where the water is
sufficiently cool so that inadequate NPSH is not of concern. - Terms in
the following expressions are defined similarly to those defined above

4

e
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for the RHR system:
.

2Hses = lha + Dzes - (Hles(Nes1 ) + H2cs)(Bes/3125)2
,

Hahpci = Hm + Dzhpci.- Hlhpci (Bhpci/5000)2
,

Hsrcic = Hm + Dzrcic - Hlreic (Breic/600)2 ,
,

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

i
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 1 CST normally 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, is 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 is connected to the CST by means of
a standpipe (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
i

additional term would have to be added to the CST mass balance:
| .

d/dt(Mest) = -Shwmu(Whot) - Shpsuc(Whpci)'- Srceuc(Wrcsuc) - Werhy
~

*

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

.,

o

$ pa r- bJe*- 4 -4- -- + --wH -- * W we t -
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where
,

Mest = 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 (lb/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,
Srcsue = logic to allow operator to switch RCIC suction,
Whpci = HPCI flow,
Wrcic = RCIC flow,
Werhy = CRDHS flow (injected into reactor vessel unless there is a

line break),
Mhw = mass of wa.er in the main condenser hotwell,r

Webp = condensate flow pumped from hotwell by condensate and con--
1 densate booster pumps.

The gravity driven hotwell makeup flow is given by

Whot = .073 + 1.74(10)-7(Vest),
;

where Vest is the coolant volume (cu. ft) in the CST. There is no
provision for modeling the effect of condenser vacuum because it is

* 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
,

Name Explanationy
.

-RCIC

Reicax 83.3 1b/s Rated reactor vessel injection with reactor
at full pressure (equivalent to 600 gpm)

Wterc0 7.97 lb/s Turbine steam flow when pumping full flow
into fully pressurized reactor vessel

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

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

Oreman 150 s'" Time to begin manual RCIC control
aOrct 7600 s Time for manual turbine trip

Orctr 10800 s# Time for resetting manual turbine trip

trct 582 in. Reactor vessel level for automatic turbine
trip

Lrcin 476.5 in. Vessel level for automatic initiation,

Peret 40 psia Turbine exhaust pressure (= suppression pool
pressure) for automatic turbine trip

Preis 65 psia Reactor vessel steam pressure for automatic
'

turbine steam supply isolation

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

f

Tref 190 F PSP temp for RCIC/HPCI failure (only if
suction has been shifted to suppression

'
pool)

HPCI

Upcimx 694.1 lb/s Rated reactor vessel injection with reactor
vessel at full pressure (equivalent to 5000
gpa)

Wtehp0 51.15 lb/s Turbine steam flow when pumping full flow
into fully pressurized reactor vessel

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

;

thpat 540 in. Reactor vessel water level for manual |,

turbine trip

o

i

I

i

|

, -
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Table 2.1. -(continued) .

Name Explanationy,
.

aOhpt 600 s Time for manual turbine trip
Ohptr 106 a Time for reset of manual tripg

Phpin 16.5 psia Primary containment pressure for automatic
HPCI initiation

thpin 476 in. Reactor vessel water level for automatic
HPCI initiation

Lhpt 582 in. Vessel water level for automatic turbine
trip

Phpia 115 psia Vessel pressure for automatic turbt'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

Lspas +7 in. Indicated PSP level for automatic shift of
,

HPCI suction from the CST to the PSP
Lcstas 0.0 in. CST level for automatic shif t of HPCI

suction from the CST to the PSP
Ohpman 150.0 s Time to begin manual HPCI control '

"Very large values (e.g.,10 ) may be used to prevent the indi-6

cated operator action.

I

e
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Table 2.2. Input parameters for the control rod,

drive hydraulic system

Parameter Value Definition
.

Dzy 35 ft Elevation of the reactor vessel above
the CST

Bm 20 gpm Pump discharge to pump suction recir-
culation flow per pump

H0 3816 f t Constant in the second order fit of
the pump head vs flow curve

H1 1.552 ft/gpm Coefficient of the first power of bulk
flow (gpm) per pump in the pump head
vs flow curve

2M2 -0.02517 ft/(gpm ) Coefficient of the second power of
bulk flow per pump in the pump head vs
flow curve

2Kcrdch 0.0447 ft/(gpm ) Loss coefficient for flow through the,

chstging header (between the 85-527
throttling valve and the interior of

the reactor vessel)
* 2Kcrdtv 0.0507 ft/(gpm ) Normal loss coefficient for flow

through the CRD pump discharge
throttle valve (85-527 valve at
Browns Ferry Unit 1)

' 2Kptb 0.01 ft/(gpm ) Loss coefficient for flow through the
pump test bypass line (from pump dis-
charge to interior of reactor vessel)

Dzs 21.2 ft Elevation of the bottom of the CST
above the CRD pump centerline

2Ksu .000516 ft/(gpm ) Loss coefficient (unrecoverable plus
acceleration) for bulk flow (per pump)
between CST and CRD pump suction

Osscrd 106 ,a Time for the operator to start the
second CRD pump

Lterd 582 in. Indicated reactor vessel water level
above which operator throttles the CRD
pump discharge valve (triples flow
resistance, Ktv)

Ootv 106 a'
s Time for operator to open the CRD ramp

discharge valve (flow resistance, Kty,.

reduced to 10% of normal value)
Ooptb 106 ,a Time for operator to open the pump

test bypass valve
.
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~ Table 2.2. (continued) ,

Parameter Value Definition

Otcrdp 106 a- *g Time for operator to trip all CRD
pumps (or for failure of CRD pumps)

Tsic 106 ,a. Time at which the operator initiates
injection of. (non-borated) demineral-
ized water by the SLC system to sup-
plement the CRD pump injection.

"Very large values (e.g., 10 ) may be used to prevent the indi-6
.

| cated operator action.

Table 2.3. Input parameters for cps /CBPs

*
Parameter Value Definitionr

Ocbpc 60 s Time interval between the periodic operator
checks of vessel water level and adjustment of
injected flow '

Oocbp 106 ,a Time when operator control of condensate booster
pump flow begins

Otebp 0.0 s Time when operator trips the condensate and
condensate booster pump

a 6very large values (e.g., 10 ) may be used to prevent the indi-,

cated operator action.

.

n
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*
Table 2.4. Input data for low pressure injection systems

Parameter Value Definition
e

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

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

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

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

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

Pylpiv 480 psia Low vessel pressure which permits injection
,

valves to open after the CS and/or RRR
automatically initiate

Ncs OfA$4a Number of operable core spray pumps

N1pci OfA{4a Number of operable RHR pumps
,

Oscs 106 b
a Time for operator to start core spray pumps

Osipci 106 bs Time for operator to start RHR pumps for LPCI

Odes 0.0 s Time for operator to disable the automatic,

operation of the CS system

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

Llpit 587.0 in. Reactor vessel water level at which the
operator would discontinue low pressure in- ,

jection in order to prevent overfilling the
reactor vessel

Tcfail 30 s Time that an RaR pump or core spray pump must
operate below the threshold net positive

suction head (Harhrf or Hacsf) in order to
#cause pump failure

# efers to arbitrary user input.R

b 6Very large values (e.g., 10 ) may be used to prevent the indicated
operator action.

*
i
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Table 2.5. _ Input parameters for simulation of
.

; ' manual control of HPCI and RCIC systems

Parameter Value Description
.

Opchre 60 s Time interval between operator checks of the
reactor vessel water level

Ldeset + 12 Water level (in.) above which the operator
would run- the system at minimum demand

Ldeset + 8 Water level (in.) above which the operator
would decrease the current flow demand,

setting by 10% of full scale

Ldeset + 5 Water level (in.) above which the operator
'

would decrease demand by 5% of full scale
Ldeset 560 in. Desired indicated reactor vessel water level

(setpoint for manual control)
Ldeset - 3 Water level (in.) below which the operator

would increase demand by 5% of full scale
Ldeset - 20 Water level (in.) below which the operator

would restore demand to 100% of full scale
Dmin 0.20 Hinimum demanded flow (fraction of full .

I flow) allowed for manual control (turbine
control might be unstable below this demand)

.

Table 2.6. Sources of water for reactor vessel injection

Injection Normsl Alternate Suction
j system suction suction shift
|
| HPCI CST PSP Manual or automatic
I

f

| 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 *

i

r



27 |

ORNL-DWG 8 4 -11818.

*
UPPER ,

EAD !

J
'

_ _

EIE I
DRYERS

-
| 3

- | STEAM|
'

..

UTS
''l-

SEPARATORS
.. Am STAf0 PIPES . . .

-: .5t.' s 333 3 3[
; c. g g,, c

FEEDWATER

CORE SPRAY

. OUTLET' / SPAR E~ "
, -,{ PLEMJW /'

RHi SYSTEM
(VIA RECIRCULATION

PIPING) ' f..
l,,|

'*

" CORE

.

' , ' . . 1
qi' u uu uu uuu u u uuu u t

,

\| CONTROL ROD
cu- z TueES ogyg

Il 1
-

'SLc
SYSTEM'

-
,,,,,

, , , , ,
.

,,
..e

uSiv
|

8

'I
'
!
'
!
'
l ',','I

'
|
'
I
'
l
'
! '! 'I

'
! 'I 'I

CRD HYDRAUUC SYSTEM
e (TYPICAL OF 25)

Fig. 2.1. Injection system connections to reactor vessel.

.

_ _ _ _ _



. _ . _

28-

.

ORNL-DWG 81-8592 ET O
*

A' CONDENSATE
j STORAGE

TANKj

ELEVATION 577 ft NORMAL WATER
LEVEL

QEVATION 625 ::

CONDENSATE < MAIN STEAM |'

() CONDENSATERETURN SUPPLY
' HEADER pggggg

THERMAL
SLEEVE

ELEVATION 574 ft

SUPPRESSION ,5 FEEDWATER
poot

.

g- WATER
LEVEL

E3 ELEVATION
536 ft .

:
.

.

O ==w .

SUPPRESSION
CHAMBER TURBINE
HEADER

,

ld'~~PUMP Q ELEVATIOU23 5
' :

! TOTALh
LEAKOFF
FROM
TURBINE

OIL
~~~

COOLE ~

MINIMUM FLOW LINE s )= VACUUMv PUMP
CONDENSER N

\*

CONDENSATE -VACUUM'l
_ SYSTEM TEST LINE. * Y PUMP TANK- _ -

| .D!

i

TO SUPPRESSION POOL < ~

Fig. 2.2. Reactor core isolation cooling (RCIC) system.

.

e

i



I

|
!

29 |

.

-e

ORNL-DWG 81-8591 ETD

CONDENSATE
STORAGE.
^

ELEVATION SM NORMAL WATER
LEVEL

- - - - - ELEVATION 625 ft

e- -

CONDENSATE (4.
MAIN STE AM ;CONDENSATE

)() HEADER
SUPPLYRETURN
HEADER

THER1AL
SLEEVE

ELEVATION 574 ft
FEEDWATER

SUPPRESSION .

POOL

.

_. . f WATERLEVEL
gg ELEVATION

536 ft ''

t'

i

Pw: -

SUPPRESSION TURBINE
CHAMBER TOTAL

LE AKOF Fe HEADER MAIN PUMP
'

TO STAND-BY GAS
-

PUMP Q ELEVATION 524 ft . .)
_ g INE

-

L_ j TREATMENT SYSTEM

BOOSTER ' ]
PUVP

!! GLAND SEAL
MINIMUM FLOW LINE _ CONDENSE R

. _

' LUBEOIL
SYSTEM TEST LINE , ,, COOLE R

Fig. 2.3. High pressure coolant injection (HPCI) system.

,

e

4



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

ORNL-DWG 83-12051

CnD n
PISTON FROM OTER

(10F B5) NCus

.. . . .g. .. .. ... .--,. ..,

/ |||:: e
TO SCRAMg

-

a

: DISCHARGC
0 R d"" /' ROM OTER

/: ,y Juf: ~

vt / ?~ / '8 pfTreR I RT /' ,

, /
e

FEsTRICTING ,,,_" " ! '
_

~~ '

t pep |
l

|
e .,,/ E .Aus,,

K ADER,

(1
!... ... ..'... ... U,

.... .. ... ...To tmti 1 REC RC _ E"
Pu r SEALS ~

M TO OTERHCue,

PLAP ulNildAf '

FLOW
CHARCING DRIVE COOLING

*"

85-510 | ,%'
gg4R KADER M ADER B5-50

85-527 4 6 % 00 p _PP _ __ _L _ TO REACTOR VESSEL VIA
-'

o c ... 6 a5-n 6 ~ ~w6 -' ' rEEDmTER UNE B,

ed'

, g -O roow CONTROL DRIVEintTER COOLING
o

'1A 8'^" " mssim eREssuRErRou r:LTERs gy e*Nfit gym
*ff, 5 < ,

y
L./
nae 4 stasiuzlNG

)! * ) a mLvEs
pu p TEST u g 85-551 wlTEwo

::rRou TO
tmli 2 Walt

CST 2

Fig. 2.4. Control rod drive hydraulic system (CRDHS).

|
- . . . . .



. - - - . - . - -- - -- __. .---

. . . . . .

!

ORNL-DWG 84-6508 ETD

4000
CR0 HYORRULIC SYSTEM Pt w

_

37s0 -

TOTm. OEvEL0 RED mRD

ss00 -

-

g 3250-
_

a
e
tI 3GM) -
I

)
C w

~
o 2750 -
s

-20
2s00 _

-15 3'

4
~

-102250 - REQUIRED NPSH r,v
-5 o_

z
2000 o, , , , ,

0 40 80 120 160 200 240

FLOW (gpm)

Fig. 2.5. Total developed head vs flow - CRDilS pump.

__ __



32

ORft-Ow0 82-18975
p__......_.._...., e

e LOCATl004 ORYWELL |

|tO |
1 |.

. , -

e REACTOR ,

a VESSEL 8
.

| | , . . _ _ _ . . . . _ _ _ _ _ . . _ _ _ _ _ _ ,, , , ,
8

s 8 LOCATION TURBlNE BUILDING a

,. . . . . . _ _ _ . . . _ _ _ _ _ , , ,

, ,
e s

FEEDWATER., KATERS MAIN ,
FEEDWATER

| Pt w S (3) |
s e
I B

B I'
FEEDWATER 8

8 KATERS I
I I
e s

| A |,.___ _____.__,
, ,

,' LOCATIOpt OUTDOORS |
| ,'

3 a CO$OENSATE, , *a CO@ENSATE I BOOSTER,
i STORAGE I M (3) k ,

,
e M I ,

i e e
e iI '
I $

| ,a| Yp1371 ms s

'8 (362,000 go0 I DEMIERAU 2ER, I *
I 8 e a ETC Bs 8 5fA80 PIPE o : ae 8 RESERVES LAST U"j HOTWELL
e STI m3 <d ke e (135,000 g00 Md | |s I # Yf37I *3o e' ' ''

8 (98,030 90 0 '
AUT0aAATIC e e

A k_"'
s 7 e

p_. ._.................. _. .__..., e e
e LOCAT10$4 REACTOR BLOO. BASERENT I ' '

C ~ ~'

d A
y g 8 |

| |
' '
e 8teCl PLW (ELEV. SS) COPOENSATE' ,8 ,

, PuhPS (3)(
e' I

.!
,

d r e
; , . .

8 'RCIC 8'LW (ELEY. 59)' ,
k TO CRD,

a

f !a

,8 CRO HYORALLIC PUMP (ELEV. 54f) | .
. ______... _____ ..____.......

Fig. 2.6. Reactor vessel injection paths.

.



,

mw

,

0
0
0D 5

. T 1

E

9
0
5
6 0

-

0 d
4 5 n8 3 a1G
W rD e
- tL 0 sN 0 o0R 2 oO 1 b

F eF
U t
P 0 a

0 sR 5 nE 0T e1S e dO
O u nr

B r o
cE c

T T 0
-A R 0

G s 0

-
9D wD ) oN

0 0 m l
c c p f

g0
0( s
5 v7 W. O d

L a
F e

h0
0
0 d
G e

p
. o

l
e

0 v
.0 e
5 d4

l
a

.- t
_ o

0 T0 .

_ 0 s
3 .p.

m.

7. pu
2

.

0 e
0 .t
5 ga
1 is

- Fn
e
d
n
o

0 c- - - - - -
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
7 8 5 4 3 2 1

Ub @M augd>wQ
.

.

.

- .

_

.
.

_

.

;|l|
'.



-- . .. .. .. . .- - . .

-34

*

,

i

.

ORNL-DWG 84-12655

', 500 -

.

| 450 -

m

E ,oo
_ CONDENSATE BOOSTER, .

AND CONDENSATE PUMPS
>

* 350 -

w
@ 300 -

a u)
; m 250 -

i

ct 200 -
,

, d M -

! m
$" -

;

>
i w -

| *i i i i i i io
! O 5000 10000 15000 20000 25000 30000 .35000
! INJECTION FLOW (gpm)
!

Fig. 2.8. Condensate system injected flow .

three condensate-

booster and three condensate pumps running (main feedwater pumps idle).t

8

|

,

,

f
,

.

d>

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



. - - .

35

e ORNL-DwG 83-137t9

e

75-25 75-23
,

h CO X
~

w na'oS

N __
=

10
CLEAN

RE ACTOR RADWAST(
VESSEL -~

10"

x>

1 TEST~

UNE

RECIRCUL ATION 75-22w n

I e

%

_ _ _ _ _ _ ~~
j * ~1
:|

-

_-

$# PRES $10N POOL
a

RING F(ADER
CS PUWP C 75-2 g

7 5 - 11 [ N Xg.

]-c>< --.

-

75-t2

( FROW CONDENSATE STORAGE 1Am
75-3 7 5 -10 g

(- N X
<>< - --.

75-2
CS Ptae A,

Fig. 2.9. One loop of the core spray system.

.

I

I e

_



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

36

*
ORML-owc 0 2 -19310

IEEACTOR
YESSEL O' 12" 74-75 74-74 *

O
450 PSIG"~M \ 24" B" 24 RE,L EF

-

CLEAN
e-- RADuuASTE

-

d'74-66

" "-''
x ,

s
74-43, [

RECIRCLE ATION :'74 73-
A

i 6-
74-661|'f -'

,74-48 74- 72,

'

74-662|'f

_

j"~-" "'
_

- v.u _-
"74-47: _

_
_

._

,
-

-

*
su - EssiON e001-

"'" '""
-R,. ,u. . R,. ,, Ar

74-24 p. ( W EXCHAP.CER -

] -- e-o<
W 1r 1r

74-25 74 -34

me h #
16" 'FROM Coh0ENSATE STORACC TANK 5

A 0 ,'74-36)[74-45 g gy

( W EXCHANGER -

o 74 131c< - - .

n-a : : ,
== pu o i t._.4_-, -,,,7.17

s 23-57 74-100 2
3,g ,

8 's - e+ .i- -o+ r + EECWS,

. , ,
1 i- . , ,

| o2@oi@03haJ*RHR SYSTEM . . .
i PUMPS 8 AND D ,,'tn RikRv
;

Fig. 2.10. One loop of the residual heat reinoval (RHR) system.i

1 *

.



- _ _ _ _- - . . .

. . . ., ,

a

4

ORNL-DWG 84-6510 ETD
1000

800 -

3
b RHR

a
5 s00 -
r

.o.. -

$ 100 -
w
~d

s
a
H

200 -
c0RE SPRRY

.

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

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000
FLOW (gpm)

Fig. 2.11. Total developed head vs flow RHR and core spray-

pumps.

4

|

|

. - . _ _ _



. . . . - -. , . ~ . .- _. . - _ -_- - _ . . __ ~ -

'38

L3. PRIMARY COOLANT SYSTEM THERM 0 HYDRAULICS
,

This chapter f describes .. the modeling of thermohydraulic processes
within the _ reactor . ve'ssel 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-4

. _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 leaat 500 ft3 volume (about 2% of

i 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-
i 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 progranusing, but has
j not prevented the use of 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.g. -< 10 min) fol-
lowedi 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. > 2200*F) and the fuel temperature must there-
fore be calculated. In their investigation of the - effect of small *

f_ 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 approximately 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-
j 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 downconer _ 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 regions, and Fig. 3.2 provides a three dimensional view of the
j reactor vessel internals.

Mass and/or energy conservation relations .are solved for each re-
I gion. The energy conservation relations yield the enthalpy and water

level for the liquid .in the downcomer and lower plenum, the subcooled
i 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 - the3

j 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
1 the boiling rate.

, ,

i

3.1.1 Core decay heat production
t

1 TLe 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 af ter 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 and
then transferred - f rom 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 fros'the surface of the fuel rods, the following dif-
ferential equation is solved:

. d/dt) Tg = (Pd- t} fp! f}(

,

4

_ _

- , _ ,, m, ._ ._. .- ,, _. . . . - _ _ -. _ _ _ _ - _ _ _ _-
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where =

Tg = whole core, volume averaged fuel temperature (*F),
Pd = decay heat power (fraction of full power),
P = heat transfer (thermal power) from the surface of the fuel
t ,

rods (fraction of full power),
Qg = full power heat generation rate (Btu /s),p
MCg = mass times specific heat of the fuel and clad (Btu /*F).

- 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, T , and on the saturation temperature of the coref
coolant (T ) as follows:s

Pt"(f- s}!( f ~ s}fp
:

where (Tg -- T,)g is the difference between volume averaged fuel tem-
peratureandcoo[ ant 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
I 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 in all
future ORNL SASA studies of accident sequences at the Browns Ferry Unit
I 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 " O se!sc fp t t

Qb" b fp t(b!b }O
t

where

Qsc = rate of heat transfer to coolant in the subcooled region
,

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

F = n rmalized axial power,. averaged between the core entrancese
(bottom) and the end of the subcooled region,

.-
,

t

i

|

. -
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Fb = normalized axial power, averaged between the end of the
; subcooled region (beginning of the boiling region) and thee

end of the boiling region,.

Qfp, t-= defined previously,
L = subcooled and boiling region lengths (ft),oc' -

1. - - ' t = total active fuel length (ft)..

3.1.2 Downconer and lower plenum

~

The downconer region extends from the surface of the water, wher-
ever it may be in the downconer annulus, to the bottom of the jet pump
diffusers. (see Figs. 3.1 and 3.2). The liquid portion of the lower
plenum and downconer regions is 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/dt (Mde) ~ inj + "inj as +* *
; rss expc ece

* cond * ~ delp - fiderpn

where
.

W = fl w of water returning from the steam separators back torss
'the downconer (Ib/s),

*

total high pressure injection plus flow from the mainW
inj = feedwater system (i.e. pumped by condensate booster pumps)

* (lb/s)
,

W ,3,, = high pressure' injectionflow of ' steam condensed from- the steam-only ' region by theg

which enters via. the main feed--,

water sparger nozzles (Ib/s),
i. W = fl w of moisture condensing out of the. steam-only regionexpc

in the event of expansion (i.e. during a period of
decreasing-downcomer water' level) (1b/s), .

W = total low pressure ECCS flow, includes both core spray andece
RHR system LPCI mode injection (lb/s),

Wdelp = flow from the downcomer region to .the lower plenum region
(Ib/s),'

rpn.= net flow .
.

W from the recirculation piping to the downconer
-region (lb/s),

Wfide = rate of flashing of the water' in the downcomer (lb/s),~

.

Weond = rate of condensation . of steam onto . the surface ' of the
: downconer-water (1b/s).

.

The flow Winias is non-zero only when the downcomer. water. level is-

* - below the . level oT the feedwater sparger nozzles (below 500 inches' for
Browns Ferry). When the downconer water level is below'the'sparger noz-
zies, the injected: flow, W. inj, is . heated .as it' falls through the steam
atmosphere by the :very rapid -condensation of steam onto the surface of

; .-

.

!

_, . . --- -
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;

the falling droplets or jets. - The final' enthalp'f of the injected flow *

is

i h ,)g = h , 1 +-(h -- h ,) g ) F ,g g f g
.

4'

. where

hinji = enthalpy of injected flow as it enters the reactor vessel
(Btu /lb),

hinjf = enthalpy of inj ected flow as it hits the surface of the
downconer region water (Btu /lb),

hg = enthalpy of saturated fluid (Btu /lb),
F, = fractional approach to saturation, limited between 0 and 1,

= (Lspa Lde)/Lsat,
L
bp, = elevation of the feedwater sparger nozzles (f t),
dc = elevation of the surface of the downcomer water (i.e. water

level) (ft), '

, L,,e = distance of fall through steam required for injected spray 1

' to become saturated (user input) (ft).

The flow (lb/s)-induced in the recirculation piping Wr , is propor-
tional to the flow from the downconer to the core (via th lower.plen-
um), Weg, times an input constant (FFREC, Table A.2); the residence time'

4

of coolant in the recirculation piping is: *

rp/Wrp,T =V p
i rp rp

.

Heat transfer from the recirculation piping is assumed to be negligible,
so, on the average, coolant in the recirculation piping has H the same
properties as the downcomer coolant delayed by a first order-lag' equal
to T For example, the average density prp, is determined by - the.

solu [fon of
.

'd(prp)/dt = (p rp)!*rp'-Pdc

where

p = density-of coolant in the downcomer (lb/ft3).
~

dc

The net mass flow (Ib/s) of coolant from'the downcomer is then

W d(prp)/dt = Vrp (Prpm " -- Yrp dc)/ *rp'-- E
rp

where
'

:

i V = V lume of piping associated with the recirculation pumps.rp

.

<

. - e , . -e - o - e.
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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:

,

"delp " ( ci + filp dc # p)1

where

Weg = core inlet flow (flow from lower plenum into bottom of
core) (lb/s),
rate of flashing of lower plenum water (e.g. during vesselW

f typ = depressurization) (lb/s),
3p = density of downcomer region water (lb/ft ),

dp = density of lower plenum water (lb/ft3).yp

If the enthalpy of the downcomer region water, hde, 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 W Since super-fide.
saturated water is very unstable, the flashing will continue until hde
is reduced to below h , the saturated fluid enthalpy. Therefore, if hdef
>h:f

.

flde " "dc (hde f fhsh-h)F

where
.

Mdc = mass of water in the downcomer region,
Fflash = fraction of water flashing per second per Btu /lb of super-

saturation. (This is a user input constant; a small value
of 0.001 lb/ Btu s is typically used because of the sub-
stantial mass (~150,000 lb) normally-in the downcomer.)

An expression of the same form is used to calculate the rate of flashing
from the lower plenum, W

fito.
The lower plenum mass balance is:

d/dt(My)=Wdelp - ci - flip 'p

where each of the flows has been defined previously.

The energy balance for the downcomer is:

.

(d/dt) (M h +
dc de f rss inj inj + f inj as"

+h W +h +h w - de delp - fldef ,,pe ece ece rp rpn g
.
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where-
.

hde = downconer water enthalpy (approximately equal to internal
energy for water) (Btu /lb),

h = enthalpy of low pressure ECCS injection (systems that injectecc
from PSP) (Btu /lb), ,

h
inj = CRDHS; systems that inject from CST) (Btu /lb),enthalpy of high pressure system injection (HPCI, RCIC, CBP,
h = enthalpy of the induced circulation from the recirculationrp

piping as it reenters the downcomer region (Btu /lb),
h = enthalpy of dry saturated steam (Btu /lb).g

The enthalpy of water returning from the recirculation piping (Fig.
3.3) .h is calculated by solving the equation of a first order delay
thatrepEe,sentstheresidencetimeoffluidinthepiping:

r

(d/d*) h = (1/ryp) (h -h yp) .yp de

The energy balance for the lower plenum is:

(d/dt) (M hy)=hyp p de dcip - hyp cg g fyyp,
W -h W

where all terms have been defined previously. The lower plenum and
downcomer enthalples are found as follows: *

hde = (Mh)de/Mdc
h p = (Mh)1p/Mtp.i

.

3.1.3 In-shroud region

This 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 wholeregion is solved:

(d/dt).Mtot " ci ~ - tost + flip *rss

where terms not previously defined include:

Wtost = total flow of steam to the reactor vessel steam space (in-
cludes Wfilp) (1b/s),

Mtot.= total water / steam mass between core inlet and steam separa-
tor outlet (1b/s).

The flow of saturated water, Wrss, 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. If the interface occurs
below the elevation of the bottom of the steam separators, then phase

,

.. . .. . .. . . _. .
_ _ _ _ _
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i 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 .
4

~ hisThe lower mecaming rates associated ' with decay heat power make t;
-

phase separation possible. If- the interface between the steam /nter and
steam-only regions occurs at or above a certain . point within the steam

.
j 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 downconer. This behavior is simulated by the following

; relationship: !

i

Wrss " (wei ~ bo int - bot}! bot)
~

mp

where
<

Weg = flow into the core (lb/s),
I Wbo = core boiling rate (lb/s),

Lint = elevation of the interface between 'the water / steam andsteam-only regions (ft),2

bot = elevation of the' botton of- the steam separators (ft),! L
L,p = reference elevation (halfway up the length of the steam,

! separators) (ft).

-bbot)/(b -Lhot)' is constrainedThe value of the ratio (Lint rp;

; between 0.0 and 1.0.
,

; The key to determining the core boiling rate and the distribution
of the water / steam region mass inventory, M between the subcooledtot,,

and saturated subregions it the core subcooled region. Solution of the
4

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-*
1

havior of all core channels:

-hd)]/; (d/dt) Lac " - O - ei (hgsc fsc cor

| ,

[ lo ~ cici cor f
,

where

L,e = length of average channel subcooled region (ft),
'

2f t )^ averaged over 1 the subcooled regionQg,e = heat flux (Btu /s
(see also Section 3.1.1),

P = heat transfer perimeter (heat transfer area divided by'

eor 2length) (ft ),
~

hei = core inlet'enthalpy (also equals hip _as presented in 3.1.2).
i (Btu /lb),

3et - density of water entering the. core (Ib/ft ),i p=

2
| 'A = flow area of~ core (ft ),

cor
!

This equation was derived by combining the mass and - energy conservation
,

. . relations for the subcooled region.

:

,

L
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!

. . .

The . boiling region ~ length, L , is equal - to the total core activeb ,

fuel length minus the subcooled length. - The core boiling rate is:1
-

Wg = (Q g Peorg)/(h -h)g g f

; a

where L Qfb is the heat flux averaged over the' boiling length of the
. core. The 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:,

t-

a-jg/[c,(j g+J}*Ygj Ig

where

a = void fraction,i

j - steam mass velocity (volumetric flow per unit area),.
g

Jg = water mass velocity (volumetric flow per unit area),:

j C = distribution coefficient = 1.1,o
Vgj = drift velocity = 1.15 ft/s.-

4

{ The coef ficient values for C and Vgj were taken from Lahey and Kamath,o
; (Ref. 3.2) and were selected to give void fractions in agreement with

experimental data _ for water / steam . at low (decay heat) steaming rates. *
,

i The density of the water / steam mixture is:
!
i

p=ap + (1 - a) p
g ,

t

where
,

I

i p = density of saturated dry steam (1b/ft3),
E = density of saturated water (1b/ft3),p

,

The density for each of the in-shroud two-phase regions -(core boil-
irg 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 -- at 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
j 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 -inventory 'of saturated

water. During - periods of. changing reactor vessel ' pressure, this inven-, .

; - tory of saturated water would have a transient influence . on the net
i. steaniing rate that would be dependent on the mass of saturated water
l-
'

.

, . . .. - - ,, _ . - . _ -. , , . , , . , , . . . - - . , . - . . ..
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present:
.-

-h)poo (dh /dt)/(h8 gAWar " M g

where
8

AW = change to boiling rate,
ar

M = total in-shroud inventory of saturated water,
h(oo = saturation properties.hg g

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 E -

~ b b ~
- Edc dc se se op op sp sp

where
.

AP = density difference driving head (psi),
L = height of water in downcomer, referenced to the bottom ofd

active fuel,
L = core subcooled length,, ge
Lb = c re boiling length,

L = length of core outlet plenum,op
L = length of standpipes.sp

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

AP =Kg (p /p } ir b

where

AP = unrecoverable pressure drop throughout the circulation path,
Er = loss coefficient (determined from reference conditions),g
b " average boiling region water / steam density,p

p = average boiling region water / steam density for reference
r

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 / . b) is included inr
, _ this ' expression because most - of the unrecoverable pressure ' losses will *
!

. -occur in the ~ water / steam regions, especially the core; and the two-phase
~

'

losses are, very ' roughly, inversely proportional to the density. The
~

flow is ' found ' by equating AP and AP , and solving for.W
'

r eg.
a

r

3.2 Steam-only Region (Reactor Vessel Pressure),

t

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

1 (MSIVs) . - (In ' all SASA studies to date, the MSlVs 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
j specific volume and enthalpy of the steam. These two properties uni-

quely determine the pressure via a steam-table look-up routine.,

i The mass balance for the steam space is
a

'

d/dt (M )-Wto,L + Wfide ~ ~ cond - injas ~ ~

expc srv ste

where *

*

| M,g = total steam mass (lb),
! Wtost = net steam flow from in-shroud region (lb/s),

Wfide = rate of flashing of downconer water (1b/s), *

W = condensation due to expansion of steam space (1b/s),,

expc
Wcond = rate of condensation from steam space onto surface - of

downcomer water (lb/s), f
i W

injas = (rate of condensation from steam space onto injected spray} 1b/s),
! W = total SRV flow (lb/s),arv
; W,g, = total flow to HPCI, RCIC steam turbines.
>

| The volume of the steam space is
i

Yst " free ~ water - V,j.

| where

Vfree = total vessel + main steam lines free volume (ft3),-

Vwater = free v lume ccupied by water in downconer and lower
3plenum' regions (ft ),

..
3V, = volume within core shroud . (f t ),

The specific volume of the steam space steam is v,y = V /Mat st'
,

--,- - , , - - ., , -, - . , - , ,, . - . . - . , ~ - - - - ,. , , , ~.-
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1-

,4 The energy balance for the steam space is
* *i.

d/dt (u Ms at) = h W +h W -h W
g tost g fide . f expc

.

-hs (Wcond + Winj as + W ste) - P (dVst/dt) (144/778)
'

+W
, srv

where
<

u, = average specific internal energy of ' steam throughout the-
steam space (Stu/lb),

h, = average specific enthalpy of steam throughout steam space
.(Btu /lb),

hhf = saturation properties,
g 'P =-steam space pressure (psia).;

-

i

The enthalpy is:

i h, = (u,Mst)/N Pv,y (144/778)+
at

4
and total pressure is uniquely determined:;

.

P = f(v,y,h,) . ,y

e

e

4

i
i

;

,

4

t

|

I.
'

! O 5
f

i

Ie
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, , . Table 3.1. Decay heat after shutdown
(% of pre-scram' operating power)

Time after shutdown . Decay heat
*

t
- (h) (%)

| 8.33(10)-3 (30s) 4.36

1 1.38

2 1.13,

3 1.01

5 0.88

8 0.78

1 24 0.59

36 0.53
;

i

Table 3.2. Axial power shape
j (average channel),

Distance from core inlet-
fraction of active Relative power

,
fuel length

0.0000 0.61
,

0.0833- 1.04
f

0.1666 1.16

0.2500 1.19

0.3333 1.16

0.4166 1.11-

O.5000 1.09'

; 0.5833 1.07

0.6666 1.05

O.7500 1.03'

'

| 0.8333 'O.92
- ,

! 0.9166 0.72

1.0000 0.33i

.

1

f
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4. SAFETY RELIEF VALVES (SRVs)i ,

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 either dif ferential 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 chan-
ber of the main valve (second " stage"), creating a pressure dif ferencet
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 d,1f ferential between reactor vessel
pressure and containment pressure exceeds the set differential pressure

*
of 1105 pei 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 wheg; reactor vessel pressure is reduced to within 20 psi ofwetwell 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 air must act across the valve air actuator in opposition to the

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

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

i

e

*SRV exhaust is 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 is 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 *

1 east 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 [pP/(pr r}}P
,

where

! W flow through the SRV if reactor vessel pressure is P and=erv
reactor. vessel steam density is p, and,

| Wrated = fl w through the SRV under rated conditions, when vessel
pressure is P and vessel steam density is p *r r

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:4

Wary " Warva [2.22 (1 -- Pap /P)] * =

<

where

W = flow through the SRV,arv
W = fl w through the SRV for sonic flow,a rys

i

P,F
suppression pool pressure, and=

reactor vesset pressure.

f 4.1 Automatic Actuation

The purpose 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 197% of its
full flow) at a pressure within 1% of its pre-set opening pressure, and e

(3) each SRV must, unless specifically exempted, reclose after the1

i pressure has been reduced by no more than 5%.

e

-
- _- ,
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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 setpoint, they do not open or close

o in concert. The setpoint for automatic SRV opening is set individually
at each 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 opeu .1ywhere within +1% 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 nim-
ulated in BWR-LTAS by properly staggering the user-provided input for
the SRV automatic opening pressure setpoints.

Experience with the SRVs at Brorns Ferry has shown that, after
opening automatically, an SRV will remain open until pressure has been
reduced by between about 6% and 11%. The realistic closing pressures
can be simulated by staggering the user provided input 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 t; 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 in.), and (4) the expiration of the ADS two-minute timer.
These features are built into 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 "of f" position. When
the reactor vessel is isolated, 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 p essure between about

*
,

1

|
|
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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.

;

i

:
.

!

.
I

'.
i

4

|

,

i

i

,

! *The code is programmed with a setpoint of 950 psia; this is con-
sistent with typical Browns Ferry emergency operating instructions and'

with operator performance observed at the Browns Ferry training simula-
tor. s

[
<

I

I
1
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5. PRIMARY CONTAINMENT THERM 0 HYDRAULICS ,

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 study of loss of decay
heat removal accidents and Ancicipated Transient Without Scram (ATWS)
accident sequences in which there wo'21d be a relatively slow pressuriza-
tion of the primary containment to 132 psia, the analytically predicted
overpressure failure pressure of the Mark I 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 lbs 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 f rom 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 and maintain drywell temperature in the neighbor-
hood of 135 F.

The wetwell (Fig. 5.3) is a 31 f t minor diameter by 111.5 f t 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 is 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 f t off the bottom of the ,

15 ft deep pool. The 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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Th'e drywell and wetwell atmospheres communicate through the 96 dry -,
'

well-to-wetwell vent. downconers : 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 ;,

, downconers and the drywell atmosphere bubbles up through the PSP into
1 the wetwell - atmosphere (most of the water vapor will be condensed). - . If*

the pressure in the wetwell atmosphere exceeds the drywell pressure by:
j 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
j is ' equalized. These vacuum breakers are check valves, which can be -
1 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.
. .

'

2 .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 i

j temperature and the component masses. [

5.1.1 Primary containment atmosphere mass balances ;;

a

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

I (d/dt) Mnspg = Wndwsp - Wnsp1 - Wnspdw,

(d/dt) Mndwg = -Wndwsp - Wndv1 + Waspdw4

(d/dt) Msspg - Wssvnq + Wsdwsp (Fnq) + Weteng + Wtespw - Waspdw -'

i Wesp1 - Wespg
i (d/dt) Medwg = Wadwr - Wedwsp - Wedwe + Waspdw - Wedwl - Wedwg

where

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

I Maspg = mass of steam in wetwe11~ atmosphere (1b),
! Mrdwg = mass of N2 in drywell atmosphere (1b),
i Msdwg = mass of steam in drywell atmosphere (1b), t

j . Wndwsp = flow of N2 from drywell to wetwell atmosphere ~(1b/s),
; Wedwsp = flow of steam from drywell to wetwell (1b/s),
j Fng = fraction of steam flowing to the downconers that'does not r

; condense before reaching the surface of the PSP,
Wnspdw = flow of N2 from wetwell to drywell atmosphere (1b/s),*

Wespdw = flow of steam from wetwell to-drywell atmosphere (1b/s),' .I
>

: Wnsp1 = leakage flow of N2 from wetwell atmosphere (lb/s), '

*
! Wasp 1 = leakage flow of steam from wetwell atmosphere (Ib/s), i

Wndwl = leakage flow of ~ N2 from drywell. atmosphere (Ib/s)', !

Wedwl = leakage flow of steam from drywell atmosphere (1b/s),

|.
|

|

. i
i

|

i

]
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Wasvnq = flow of steam from SRVs discharged into PSP but not
quenched (lb/s), '

,

Wsteng = 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 (Ib/s), *

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

Wedwg = flow of steam condensed from the drywell atmosphere
(lb/s),

Wsdwr = flow of steam released directly to drywell atmosphere
(lb/s),

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 by4

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

i 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 a
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 only in a days-long accident sequence. The equations forleakage flow are, *

Bspl = (Vgsp) (Flspg)
Waspl - (Bspl) (Maspg/Vgsp)
Wnsp1 = (Bspl) (Mnspg/Vgsp),

; Bdwl = (Vgdw) (Fidwg) + Bdwv1
Wndwl = (Bdwl) (Mndwg/Vgdw)
Wsdwl = (Bdwl) (Madwg/Vgdw)

!

where

I. Vgsp = volume of wetwell atmosphere (ft ),. 3

Vgdw = volume of drywell atmosphere (f t ),3

Bspl = bulk flow (volume / time) leaking from the wetwell atmosphere
to the surrounding reactor building (f t /s), 33

Bdwl = bulk flow leaking from drywell atmosphere (f t /s),
Fidwg = drywell leakage f raction per unit time (1/s), (user input),
Fispg = wetwell leakage fraction per unit time (1/s), (user input),
Bdwvl = bulk flow from the drywell through the drywell' vent linei *

! (discharges to the plant stack via the Standby Gas Treat-
ment System) (defined below) (f t /s).3

.

m -.
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Venting of the drywell (bulk flow = Bdwvi), ,1f 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:

O

Bdwvi = FFdvc /Tgdwr/Mwgdw

where

3Bdwv1 = bulk flow (f t /s) through drywell vent,

3Ffdyc = flow factor [(ft /s) (1b/ mole R) *] for choked flow
through drywell vent line,

Tgdwr = average temperature of drywell atmosphere (R),
Mwgdw = average molecular weight.(1b/ mole) of drywell atmosphere.

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

Bdwv1 = Ffdvue /(Ptdwg - Pa) (Tgdwr)/[Mwgdw (Ptdwg + Pa)]

where

Ffdvue = flow factor [(ft /s) (1b/ mole R)0.5] for unchoked flow
*

3

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 = Bdwsp0 (Ptdwg - Ptspg - Pdevp)

where

Bdwsp0 = user-input bulk flow from drywell to wetwell per unit
3pressure difference (ft /s/ psi),

Ptspg = total pressure of wetwell atmosphere (psia),
Pdevp = user input pressure difference necessary to clear the

downcomer vent 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: *

Bvspdw = Bspdw0 (Ptspg - Ptdwg - Pdovb)
.

where,

Bvspdw abulk flow from wetwell to drywell through the vacuum
3breakers (ft /s),

Bspdw0 = user-input total vacuum breaker bulk flow per unit pres-
3sure drop (f t /s/ psia),

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

If the suppression pool-to-drywell delta P compressor is running, the
bulk flow is a user-input constant, Brdpe. If the drywell atmosphere
pressure exceeds wetwell pressure by more than a user-input differential
pressure Pmxdpc, the compressor is cut off; it may 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 floss

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

c " 9 /(h -h)c g f

where

Qc = condensation heat transfer (Btu /s),
hg = saturated steam enthalpy (Btu /lb),
hg = 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 Watenq) are calculated by the PSP
model. The flow of steam released directly to the drywell, Wsdwr, is
the flash fraction of liquid coolant leakage from the primary coolant a

system. The input constant Wdicak 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
e

5.2.1 Drywell and wetwell atmosphere energy balances

The drywell and wetwell atmosphere energy balance equations are:
O

d/dt(Udwg) = EPadw + EPndw + Qrvhl - Qldwg
d/dt(Uspg) = EPasp + EPnsp + Qsspg - Qlspg + Hwork

-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).

EPasp = same as above but for the wetwell atmosphere (Btu /s),
EPodw = product of enthalpy and mass flow for all N2 flows to or

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

f rom the wetwell atmosphere (Btu /s),
Qrvh1 = 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
wall) (Btu /s),

Qlspg = same as above for the wetwell atmosphere (Btu /s),
Qsspg = heat transfer f rom 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' 1evel (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, = 0.4 5 T -- 4.89

h, = 0.2475 T

where

h, = specific enthalpy of water vapor (3tu/lb),
T = temperature of water vapor (degrees Rankine),

' h = specific enthalpy.of nitrogen gas (Btu /lb).n

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

.

t

<
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t

ASME steam table enthalpy before forming the product 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 *

4

The drywell heat source term, Qrvhl, consists primarily of heat
i- 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, transient, i
term is included in Qrvh1 to simulate the heat load (mainly associated
with the recirculation pumps): that lingers after reactor scram:

Qrvh1 ='UAory (Tsat - Tgdw) + Qophi
f

!

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),

j Tsat = temperature of reactor coolant, equal to saturation ten-
! perature at reactor vessel pressure (*F),
j Tgdw = temperature of drywell atmosphere ('F), ,

Qophi = transient heat load af ter reactor scram (Btu /s).,

4 The product of heat transfer coefficient and area, UAory, in the above
! expression is -determined primarily by the relatively small effective *
i conductance through the reactor vessel and piping insulation. Other
} conductances such as the exterior surface to air film coefficient, are
; relatively so great that they have practically no effect on the overall

conductance. UAory 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)/TAUophi

where TAUophi is the 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.
I

| 5.2.3 Convective and condensation heat transfer
! from atmosphere-to heat sinks

,

! The 1 1/8 in. average thickness steel drywell liner 'is the major
| heat sink in the drywell. The' heat loss term, Qldwg, includes all heat
L loss from the atmosphere to the drywell liner by natural convection heat
i

! *

i

3
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transfer.and by condensation:
e-

Qldwg = Qdedry + Qdawet-

where-,,

Qdadry = convective heat transfer rate,
,Qdawet = condensation heat transfer rate.

The convective heat transfer rate depends on the temperature difference
- between . the liner temperature, ' Tdnet, and . the atmosphere temperature
Tgdw:

Qdadry - Admet 5.3(10)~ (Tgdw -- Tdmet)U '33 (Tgdw -- Tdmet)

where Admet is the heat transfer area of the drywell metal (liner), and
the units of Qdadry are Btu /s. _ This equation is based on the following
natural circulation heat transfer correlation:5.1

'Nu = 0.13 (Gr Pr)0.333g

where

e
Nu = Nusselt number = hL/k

2 3 2Grg = Grashoff number = p gS(T -- T,) L fp
Pr = Prandtl number = VC /k.p

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 ten-
perature, Tdset, is below the dewpoint. When condensation does occur,
the rate is dependent on the relative amount of nitrogen present:5.2

Qdowet = Admet 0.0185 (Medwg/Mndwg)0.707 (Tdewdw - Tdnet)
.

where-

Medwg = mass of' steam in drywell atmosphere (ib),
Modwg = mass of N2 in drywell atmosphere (1b),

Tdewdw = despoint of drywell atmosphere (*F).

During normal 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 frome

the steam tchles: it is the saturation temperature evaluated at the
specific volume of the drywel1~ atmosphere steam (Vgdw/Madwg)..

.
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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 and 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 - Qrpge)/Cpmet

where

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

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

Qpgair = natural circulation convective heat transfer from the out-

side sutface 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 /*F).

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 auch 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. In an unmitigated loss of DHR accident 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 using an assumed emissivity of 0.9 for both torus and concrete *

surfaces:5.1

Q = SA (T4 -- T{)/[l/e + (A /A )(1/e -- 1 ) ]t

|
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{, where
e

h = Stefan-Boltzman constant' (Btu /f t s *R{s),= total radiant heat transfer rate (BtuQ
2 ),

2
g = surface area of torus (ft ),2),

A

= surface area of concrete (ftc'~ Ac
Tt = surface terperature of the torus (*R),,

T = surface temperature of the concrete (*R),c,

t = surface emissivity of the torus,i e
e = surface' emissivity of the concrete.c 3

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

4

i Q = A h (T - T,)e t g

i

j h = 5.3(10)-5 (T - T,)0.33g

,

| where the units of h are Btu /(ft s*F). A similar expression is empicyed ;
3

'

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 row air, and torus room concrete.,
,

The 3 ft thick concrete -walls are di'.L d into five parallel, slab-
geometry, regions to insure accurate comput.ation of the temperature dis-

,

j tribution' within the concrete. The surface slab is 1 in. thick, the
adj acent slab 2 in. thick, and so on, with slab thickness increasing

.

i
* with penetration into the concrete.' A. typical concrete differential

1 energy-balance is:

dT /dt = [2 K !( - i !( i-1 + ig c i pc i-1

,

- (Tg - T ,1M(Mi + K +lHg i

|3 -where

Tg = temperature of the.1-th concrete slab (*F),
K = concrete thermal. conductivity (Btu /s ft *F),e

. DX = thickness of 1-th concrete' slab (f t),g
C = product of specific heat.and density of concrete (Btu /lb 'F).-pc

The expression for natural circulation of air from the ' reactor
*~ building . basement corner. roosa into 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 e.dapting - the circulation rate
a ,

'1

1

j'
.

- |
,

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

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) and, 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.
1

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-4

'

i ers. The atmosphere above the hotter pool is heated in two ways: by
natural circulation 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

j used for heat transfer from the atmosphere to heat sinks,

Nu = 0.13 (Grg, Pr)0. 333 i
.

i|

1

Evaporation of water vapor from the surface of the suppression pool<

!. to the wetwell atmosphere can be the dominating mechinism for pressuri-'

zation of the rimary containment during accidents such as the loss of
DHRsequences.g.3 If the pool is slowly heated, evaporation can cause

i the containment. pressurt. to rise fast enough such that the suppression *

j pool remains subcooled and there is no direct bubble-through of.SRV dis-
! charge from the T-quenchers to the wetwell atmosphere even at elevated
! pool temperatures.
'

The wetwell atmosphere is 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 because 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.t the heat transfer / mass transfer analog discussed in
Chap. 13 of Ref. 5.1:

W = (12.3 A R )(P -Pva)h/Ppa vs n !

where
| .
!

W = evaporation rate (lb/s).-
12.3 = constant of proportionality [lb2 oR /(Btu psia ft )]2 3

'
.

|

. .. . - . . - -- --
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A = surface area of pool (ft2),
R,p = suppression pool bulk atmosphere mole-fraction-weightede

(i.e. between nitrogen and water vapor)' perfect gas constant
3[ psia ft /lb *R)]

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

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

P = average nitrop,en pressure in the convective boundary layern
(psia),

h = coefficient of natural circulation heat transfer between the
2surface of the pool and the pool atmosphere [ Btu /(s *F ft )]

= 5.85 x 10-5 (T -TN*'*p a
T = pool surface temperature (*F),
T ,p = wetwell atmosphere temperature (*F).

5.2.6 Drywell coolers

The drywell coolers transfer heat from the drywell atmosphere to
the reactor building closed cooling 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 copp' er sheets attached to the outside;

| of the tubes.

The calculation of heat transfer within the drywell coolers 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 (af ter 8 h, or more, into the'
loss of DHR accident sequence, for example).

The equation for counterflow heat exchanger cooling effectiveness *
is:5.1

E = (1 - e"*)/(1 - C e *)
-

where

C =Cain/C,,x,r

Cmin = 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 effectiveness 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.

e
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C = larger of the air-side and RBCCW-side mass flow timesaax ,
specific heat products (Btu /s 'F),

x = (1 - C )UA/C
UA = product of o,e(3,r

v rall air-to-water heat transfer coefficient

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

The iteration proceeds as follows:

I 1. 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 side exit temperature
determines' the maximum concentration of water that can exit as
vapor'sud 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 C,,

C;=jhg,iscalculated.
i

5. If C ~C the iteration is terminated. If not, then steps.1a a,
,

; through 4 are repeated until convergence is achieved. *

| Major. assumptions of the drywell cooler model include:
!

1. 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
I automatic trip of the blowers that occurs upon coincident high drywell
i pressure and low reactor vessel pressure if a loss of off-site power has

occurred. This trip is a part of the automatic load shedding that fol--

I lows a core spray initiation when - the emergency diesels are providing
i power. The operator may restart - the blowers unless of f-site power is

not available.
i

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: I

|
:

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).

o

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 = u,(T) M,/M + u,(T) M /M

where

u = the known specific internal energy of the atmosphere mix-
ture (Btu /lb),

u,(T) = internal energy of steam as a function of temperature
(Btu /lb),

u (T$ = mass of steam in the atmosphere (Ib),
M =

internal energy of N2 as a function of the temperaturen
(Btu /lb),

1(3 = mass of N2 in the atmosphere (lb).

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

P = (M /V)R T
.

P, = (M,/V)R Ts

P =P +P
t n s

where

Pn " partial pressure of N2,
M = mass of nitrogen,n
V = total free volume of the compartment,
R = ideal gas constant for N2,n
P, = partial pressure of steam,
M, = mass of steam,
R, = ideal gas constant for steam,
Pt = t tal pressure of the atmosphere.

*

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 Energy Balances

Mass and energy 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 circus;ferential temperature distributions
in the PSP, . it is possible to replace this single-region model with a-
much more detailed one developed at ORNL.5.4 The single-region model is
described below. The mass balance equation for the PSP is:,

| (d/dt) M = F (Wasy + Wste) + Wc - Ws - We + Wsdwsp (1 - Fng)

i

where

M = total mass of PSP water (lb),

fraction of the SRV or steam turbine exhaust that isF =

condensed in the PSP (the non-condensed part would
; bubble up into the wetwell atmosphere),
j Wasy SRV discharge flow to PSP (lb/s),=

Wste = HPCI or RCIC steam turbine discharge to PSP (lb/s),
We = rate of steam conduensatica in the wetwell atmosphere

'

(lb/s),

Wa = 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 (lb/s),

' Wadwsp,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. F = 1.0) if the
saturation temperature evaluated at the quenching depth (i.e. Tsat at
wetwell atmosphere pressure plus hydrostatic pressure equivalent to the

i 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-

j densatint (F = 0.0) if the bulk pool temperature exceeds saturation
temperature.q F,etween these - limits, P is ' linearly ramped from 1.0 to-

0.0 as subcooling decreases from 10.0 Eo 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 constructed 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.,

t- - physics of condensation is provided in Ref. 5.4. ,

>

|

.
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The PSP energy balance is:
,

d/dt(MH) = F [Wasy (hst) + Wate (hste)] + Wc(h )
q f

s

- hpsp (Ws) - We (hg) + hadw (Wsdwsp) (1 -- Fng)

where

MH = product of total mass and enthalpy for PSP water (for water
hau, so this is also total internal energy) (Btu),

hat = enchalpy of steam discharged by the SRVs (Btu /lb),
hate = enthalpy of steam diocharged by the steam turbines (Btu /lb),

hg = saturated fluid enthalpy evaluated at PSP atmosphere temper-
ature (Btu /lb),

hpsp = enthalpy of PSP water (Btu /lb),
h = saturated dry steam enthalpy evaluated at PSP temperatureg

(Btu /lb),

hadw = 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 ,p, from the specific enthalpyp,

T ,p = (MH/M) + 32 .p

.

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

L,p = f IM/p(T)]
where

f[ ] = water level as function of volume
M = PSP water mass

p(T) = PSP water density as a function of water temperature.

i

4

9

l

|

|
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6. CONTROL ROOM INSTRUMENTATION
*

.

*
I

!

!
_

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 two2

! 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 Faergency Systems range indicator and the Post-Accident
i Flooding range indicator. Their ranges in relation to the Browns Ferry

reactor vessel 'and internals are shown on Fig. 6.1. Zero on the . Faer-
| 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 Faergency 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
a hot and at full pressure. The Yarway system of reference 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.,

I is clamped physically and thermally to the 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 -reference leg temperature *i

i about 50% of the way between the drywell air temperature and the reactor
coolant temperature.

The Post-Accident Flooding range indicator covers the range fron
; 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 downconer 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
i 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 downconer.

..

*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- 1

ence leg or in the variable leg changes; the measured pressure differ-e
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:

i

i

- ('~ *)( i)!( 'b ~ *}
*

| Lind " max t t

'

where,

i indicated height of water in the downcomer annulus (ft),L
ind = height of the upper end of the indication range (ft),L* =
eax
AP = measured pressure difference (psi),
*

AP = Pressure difference that would be measured at calibration*

t conditions if the vessel water level were at the top end of

the indication range (psi),
,

e AL = length of the indication range (f t), and;
' d

b " Pressure difference that would be measured at calibrationAP

conditions if the reactor vessel water level were at - the
bottom end of the indication range (ft).

i .

The measured AP is a function of the actual vessel water level and*

the reference leg and variable leg water densities:
;

:

AP = (AL)p -- (AL )pg -- ( AL - AL )pg g

:i

where

AL = distance between the upper and lower AP taps,
o = water density of the reference leg,
r

AL = reactor vessel downconer liquid level above the lower APg
tap,

pg = density of variable leg water (i.e., reactor coolant in the
downconer annulus),"

p = density of-the reactor vessel steam.

The calculation makes the assumption that p is equal-to the density ofg ,

j saturated fluid evaluated at reactor vessel pressure. The steam density F
.

is set equal to the density of dry _ saturated vapor at vessel pressure.
The reference leg density is evaluated at reference leg - temperature T

_ r

.

A

1

- , n u v y ., y n---- .,en. , , - , - , - - , - - - , - - - , - - - - , - - - . - - - -- w - - - - - -



82

and vessel pressure:
.

pr " P (T ' v)r r

- where
.

T = 0.4 Tsat + 0.6 Tdw f r the Emergency System range,, r
'

T =T f r.the Post-Accident Monitoring range,r dw
P = reactor vessel pressure,y

Tsat = saturation temperature at P , andy
T w = drywell atmosphere temperature.d

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

AP*t " Abi (P -P)i

AP* " Abi (P -E)b r g

j 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 Emerge,ncy Systems level indication, tge refegence leg cali-
bration density, p is evaluated at 290'F and pg and p are evaluatedr, gat a 1000 psia saturation condition.

For the Post-Accident, Monitoring level indication, th
leg calibration density, p is evaluated at 135'F, and p,e refegencer, g and p aregevaluated at a 14.7 psia saturation condition.

j *
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7. CALCULATION OF REACTOR POWER FOR
MSIV-CLOSURE-INITIATED ATWS SEQUENCES

*

I This chapter provides details of modifications to the BWR-LTAS code
made specifically for the ATWS study. The models used in BWR-LTAS to e

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 is 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 a: ore 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

j 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 suberitical,
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;

I 5.1-1979 standard decay heat curve (with actinides). 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.

Pdk = f(t, P) Io

( where
L

Pdk = 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).o
.

The prompt-jump approximation to 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

.

, ,,m.. . . , , _ , , , , . , . _ , . . , _ . . - _ . - . . . .
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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 data4

s tatements - ' 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.

i
;

-7.1.1 Fuel temperature and reactivity feedback

.

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

dTg

= 108 Pt .1624 (Tg - Tsat)

where

I Tg = volumetric average fuel temperature (*F),
Pt = fission plus decay heat power (fraction of full power),

Tsat = saturation temperature (*F), of the coolant in the core.;

!
'

'

The numerical coefficients in the above equation take into account thej

fuel heat capacity and the average fuel-to-coolant heat transfer coeffi-
cient.* The coefficient of P is the thermal equivalent of full power,

~

t
divided by the fuel heat capacity. The coefficient of (Tg _- Tsat) is, ,

the effective heat transfer coefficient between the volumetric average'

fuel temperature and the coolant average temperature, divided by the
fuel heat capacity,

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:

4

j Ap = (Tg - 1210) a (D,+ D V)I

!

where
:

Ap = the change in total doppler reactivity (Ak/k),
T = average fuel temperature (*F),

| *See Sectios 3 of Browns Ferry FSAR for fuel weights, steady state
1 volumetric average temperatures, and average heat flux. A value of
i 0.04 Btu /lb _ F was used for UO2 specific heat (Nuclear Engineering
1 Handbook, H. Etherington, Editor).,

i

>

'
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5 11210. = average fuel temperature (*F) at full power,
, a = doppler coefficient

'

a
' = -1.58(10)-5 (Ak/k/*F),
; D = doppler correction factor with 0% core average voido

= .83,
..,

Di = rate of change of doppler coefficient with core average
~

,

=-4.4(10)-{%)
void (Aa

,

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 recommended by NFD0-20964. This 1.33 fac-,

i 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 he added to compensate for the increased reactivity of the' cool-
'

er fuel.
>

~

7.1.2 Void reactivity

*
i The calculation of void reactivity is based on the average void
| fraction in the average channel. As explained .in Sect. 7.2, the void
j fraction is calculated at i ft axial intervals up the average channel.
| The calculation of average void fraction weights the void in each I ft
i 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
! void reactivity coefficient with void fraction (void coefficient becomes-

more negative as void increases):

= C (V - V oo) + C (V2_y$00)/2Ap
l l

where

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

V = average void fraction (%),
V100 = average void fraction at 100% power (%)

= 38% ,
C = void coefficient with no voids present (Ak/k/%)o = -5.3(10)-4, *

C1 = derivative of void coefficient. with respect to-void
' (Ak/k/(%)2)

= .1138(10)-4
.

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

As the reactor is brought from full power to hot shutdown, the core
,

average void changes from 38% to 0%. 'By the above formula, a 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 ' af ter accident initiation, help to shut
.

down the reactor. In a period of only one'or two hours, the 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
4 horation must supply a negative reactivity. of at least 0.0369 Ak/k to
i 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

i 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-
i tain continuous control rod insertion during an ATWS would depend

heavily on characteristics of the individual operator. Since constante
,

; attention is required to maintain continuous control rod insertion, 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.

i

ti = 144 in./1.5 in./s = 96 s
.

j where
i

tt = 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 ' 10-3 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~<

i-
-5

i) = -10~ (Ak/k)/ti -10 Ak/k/s~

(

| a

|

,

. - . , . , - , -
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-where P is 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 lb 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 gpa. Therefore, the rate of inj ection of boron into the
reactor vessel is:

y , 990 lb B 50 gal 1 min
= 0.181 lb B/sbinj 4550 gal min 60 s .

If the boron mixes perfectly within the reactor vessel, the boron con-'

centration af ter SLC initiation is
e

Cb = t (0.181 lb B/s)/Vt t

where'

.

Cb = boron concentration (lb B/f t3),
tg = elapsed time since SLCS initiation (s),
Vt = total volume of water within the reactor vessel (ft ),3

According to TVA operations analysis engineers, a boron fraction in
; the coolant of 320 ppm would bring the reactor from full power to hot
j shutdown. Using a coolant volume of 14785 f t3 at the normal reactor

water level of 561 in., the mass of boron within the reactor vesselwould be:

45.4 lb H O 320 lb B2
3My=14785ft = 215 lb B.

ft3 106 lb H O2

Therefore, with perfect mixing, hot shutdown could be reached af ter only
19.8 min of SLC injection at 50 gym. ,_

When the Browns Ferry specific EPGs are written, they will probably
reflect a slightly more conservative hot shutdown mass of 265 lbs B,
based on a boron fraction of 395 ppa boron in reactor coolant required

a

. . _ . , -._
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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.

i
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
ppa 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

i in NEDC-22166, if the core inlet flow is less than 5% of its full power
; value, 100% of the injected boron solution sinks into the bottom of the

j lower plenum (i.e., the initial mixing efficiency is 0%). At 25% flow,
the initial mixing efficiency climbs to 75% and it is 100% 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-

I culated using the following set of equations

!

d( )/dt = (1 - Eh) wW - k /T

d( )/dt = E W + /Tg,

'

where-

Mblp = mass of boron stratified in the bottom of the lower plenum
(lb), "

! Mbg = mass of boron in general circulation, in the balance of the
coolant (lb),

E , = initial mixing efficiency (lh B mix /lb B injected),t
T = residence time (s) of stratified boron in the bottom of the'

ra
; lower plenum.

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

Cbg " Mbg/Vt
I

where
. '

. Cbg'= boron concentration (lb/ft3) in reactor coolant,
! V = total coolant volume (ft ) in the vessel.3

t

*
,
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,

The net boron. reactivity is then
.

bg!b" had bhsd

, where
f

p = total boron reactivity,bAk = total reactivity that must be supplied to reach hot shut-had.

down
I = -0.0369 Ak/k (per ' Sect. 7.1.2),

Cbhsd = boron concentration corresponding to the TVA estimate of
320 ppe B required to reach hot shutdown

; = 0.0145 lb B/ft3

!.
| 7.2. Calculation of Core Void Fraction

The ATWS routine in BWR-LTAS calculates the void fraction profile4

; at i 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 downconer 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 flow 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 (one 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 I ft axial seg-,

| ment to calculate the steam generation rate. If the bulk coolant ten-'

perature is below saturatirn, a void fraction of zero - is assigned.
, After the coolant reaches saturation, the void fraction is calculated '
| from the steam and water fluws by the drift flux equations:
'l

) V = J /(C J + Vgj )g o
I
.

i

Jg = XG/pg
;

J = G[X/p + ( 1 -- X) /pf]

I where
.

,

; G = mass flux,

V = void-fraction.
.

, , , , - - , ,, . , , - . , , - - . , . + - - - - - -, . - , - -. . , - - - -- - - , ,
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J = steam mass velocity,. E
C, = concentration parameter = 1.0,
J = total mass velocity,

gi = drift velocity = 1.0 ft/s,V

I = flow quality (steam flow / total flow),
4 ,

p = saturated vapor density,
pg = saturated fluid density.

The values used for the C and V Parameters were taken from the reporto ai
"BWR Low Flow ' Bundle Uncovery Tdst and Analysis," NUREG/CR-2232, EPRI
NP-1781, GEAP-24964, by D. S. Seeley and R. Muralidharan (April 1962).

Af ter the core void 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 portions, 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.
Abdo11ahian, S. Levi, Inc. (February 1983).

The only major difference between the natural circulation calcula-
tions in NATBWR and BWR-LTAS is that the natural circulation 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% 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:

.

/APte! tuirew " old

..



- -

94
3

|

. where
.

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

Wold = current iteration value of flow,
AP = net elevation pressure. gain around the loop in the direc-te .

tion of natural circulation,

APtui = 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 itert. tion is unnecessary and control is returned to the main
program.

!

!
. .

,
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Table 7.1 Neutron kinetics data"
e

Delayed Decay
Neutron Fraction Constant
Group (s~l)

e

1 0.207( 10)~3 0.0127

2 0.1163(10)-2 o,o3g7

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)-3 3.87
.

1

"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
of active

Relative

(Fraction power

of active
e fuel length)

0.0000 0.61

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
1

0.8333 0.92

0.9166 0.72

1.0000 0.33
e

a
Applicable to end-

of-cycle, equilibrium
xenon full power opera-
tion.,

i =

- - - - - -
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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 depends .

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:

t+0.5 " t + (0.5 s) * (dX/dt)g

Since the computer time used by the program is not 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-
I ' based progenitor, . BWR-LACP. Throughout the task of converting from

simulation language to FORTRAN, there were no changes to the mathemati-o

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-
' ~

andtion activities conducted. over the four-year period of development
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,'

j 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
i LOCA Outside Primary Containment (Ref. 9.2), and ATWS (Ref 9.3). The
: comparison cases were . run with either identical or similar input as-*

I sumptions. The closeness of comparison has ranged from surprisingly
good to only approximate. In all cas_es, both codes predicted the same:

j- basic sequence of events. It must be kept in mind that the BWR-LACP
4 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 is discussed in detail in Chapter 4 of Ref. 9.1. The RELAP-

4/ MOD 7 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 required to con-,

! trol vessel pressure, but af ter about 40 seconds, one SRV was suffic-

[ ient. Injection flow was zero throughout. The BWR-LACP calculation was
initialized:at 30 seconds because it wac, at that time, programmed only

|- for decay heat operation. The steam / water level above the core was cal-
I 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-
; suits 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 accident 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,Jinclude a gradual downward trend in f

*
,

i

-
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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/MODl-
(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
I done for an MSIV-closure-initiated ATWS accident. Operator actions to

reduce the power level by reducing the reactor vessel water level and to4

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 comparison2

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 spontaneous 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 af ter 24 min. The difference f.u timing is due to the lower powera

] levels calculated by RELAP af ter 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 consio=.rable

,'

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
4 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.,

,

e
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i

'
Appendix A

.

. REACTOR VESSEL AND PRIMARY CONTAINMENTr -

INPUT PARAMETERS'

i

.

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
i scrammed.
* Tables A.1 through A.6 list input- data requirements for the simula-
! -tion of reactor vessel and primary containment. Tables A.1 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 changed less frequently.
Table A.5 lists input parameters for the calculation of drywell cooler

i operation. Table A.6 lists parameters necessary for the simulation of
| reactor vessel pressure control via the' SRVs. - Tables 2.1 through 2.5

list input parameters ' for the reactor vessel injection systems.1 *

! The numbers given in Tables A.1 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
1 the input data.

Overall control parameters for - the optional ATWS calculation have'

been included among the other input variables listed in Tables A.1 and,

A.2. Physical input parameters such as the doppler or void coefficients
;

; for the A'IWS routines are, in general, specified .by data statements in
; each routine; these parameters may be altered by recompiling the appli-

cable subroutine.

!
!
1

.|

,

t

:
t-
?
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Table A.I . Run Specific Parameters -- Reactor Vessel
.

-

"#8
Value Units DefinitionNa

ALEAKO A" ft2 .

Initial liquid break size (=0.007i,

ft2 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" ft2 Amount by which area of liquid line
break outside primary containment
increases, beginning at Tblein and
ending at Tslein (=.016 f t2 for SDV
break)

FINTIM A" s End time for the BWR-LTAS run
FTSIAB 1(10)6 s Failure time of station batteries

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

HCIO 539.0 Btu /lb Initial core inlet enthalpy

HCST 58 .0 Btu /lb Enthalpy of condensate storage tank +

water

LDC0 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 0, 1, or 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 s In an ATWS event, the time elapsed
before the operators initiate

manual insertion of control rods.
OSDLEV 250.0 s In an ATWS event, the time elapsed

before the operators begin the ves-
sel water level reduction maneuver. .,

P0 1025.0_ psia Initial reactor vessel pressure

.

,

|
|
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!

Table A.l. (continued)
.

*#8"* ,"# Value Units Definition,

..

SBOFLG 0.0 or 1.0 Set to 1.0 to signify a station
blackout condition.,

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

T8LEIN AG s Elapsed time prior to beginning of
the increase in liquid line break'

area (initial area = ALEAKO)
TSLEIN AG s Elapsed time prior to the ending of

i the increase in liquid line break
area

TDIESL AG s Emergency diesel start time af ter
station blackout

TO 30.00 s Initial time after reactor scram

WGUESS 3578.0 lb/s Guess for initial core inlet flow

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

; b This flag to be used in conjunction with parameters DALEAK,
TBLET.N, and TSLEIN.

011) = 50.0 s used for ATWS accident sequence. Time.zero is defined
l as the time of recirculation pump trip for ATWS sequences.

*

|

4

j

%

a
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; .

Table A.2. Plant Specific Parameters -- Reactor Vessel
"

.

*#8 Value' Units DefinitionN me
.

ACOP 234.0- ft2 Cross-sectional free area of,

!' core outlet plenum

ACOR- 137.0 ft2. Cross-sectional free area of
I core in active fuel region

ART 42.3 ft2 Total cross-sectional free
area of standpipes

CP0 3293.0 MW 100% reactor power'

CPREF. '3293.0 MW Core full power for reference *

conditions '

CPST 0.1 Btu /lb*F Specific heat of steel'(in
i reactor vessel internals)

DKDTCR. -1.0 (10)-5 (AK/K)/s Reactivity insertion rate for
1 manual control rod insertion

] (must be negative)
; DTRVHL 404.0 *F Overall temperature difference
;- associated with initial reactor *

j vessel external heat losses '

input parameter QRVHLO.

{ FFLASH 0.001 (Ib/ Btu s) Fraction of-supersaturated water
I (i.e. in downconer or lower *

; plenum) flashed per second per
Btu /lb-of-enthalpy in excess of

j saturated fluid enthalpy at the
applicable pressure

1

; FFREC 0.02 NA Fraction of total natural circu-
i lation flow that flows into the
! recirculation piping

HREF 522.0 Btu /lb Core inlet enthalpy for ref-
"

erence* condition

J ETPMP - 0.0 lb/s Extra core flow added by recir-
culation" pumps running 20% speed

LBOT 24.85 ft Elevation (above the BOAF) of
the bottom of the steam sepa-
rators

LDCR 27. 58 ft Downcomer water level (above >
*BOAF) for reference * condition

LHEDER 23.4 ft- Elevation of the (upper) feed-
water sparger ring _above the'

BOAF. ,.,

|
!

I r
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.

Table A.2. (continued),

##8 # Value Units Definition
Name

.

LOP 5.58 ft Effective length of the core
outlet plenum (= volume + cross-

sectional area)
LRT 10.0 ft Average length of the standpipes

(from the core outlet plenum to
the mid-height of the steam sep-
arators)

LTRJP 490.0 in. Indicated vessel water level
below which the recirculation
pumps are automatically tripped.

MINT 4.77(10)5 lbs Mass of steel in the reactor

vessel internals (includes
everything inside reactor vessel
except the core)

MRVST 1.5(10)6 lbs Mass of the reactor vessel

PCOR 5518.0 ft Total core heat transfer peri-

meter (total heat transfer area /.

length of active fuel)

PRATED 1120.0 psia Steam pressure at which the
rated safety relief valve flow
(WRATED) is specified.

PRELR 0.32 Relative fractional power for
reference * condition

PRR 1020.0 pria Reactor vessel steam pressure
for reference * condition

QRVHLO 948.0 Btu /s Initial heat transfer rate be-
tween surface of reactor vessel
(and associated piping) and the
drywell (atmosphere and or walls
or other equipment) when the
temperature difference is DTRVHL

UAIRV 33.0 Btu /*F/s Product of heat transfer coef-,

ficient and area for heat trans-
fer from reactor coolant to
reactor vessel

VANN 1044.0 ft3 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)

*
VDIFF 192.0 ft3 Total free volume of jet-pumps

and diffusers Selow the BOAF

.
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Table A.2. (continued) .

. . .

'#8 Value Units DefinitionNa e
.

,

VFREE 13000.0 ft3 Free volume of reactor vessel,
not including: in-shroud free
volume or lower plenum free
volume

VJET 58.4 ft3 Total free volume of jetpumps
between the jet pump suction and
the BOAF (i.e. between XL1 and
XL2, defined below)

VOLP 2325.0 ft3 Volume of the reactor vesse1~
lower plenum outside the CRD
guide and stub tubes

VREC 1150.0 ft3 Free volume of reactor vessel
recirculation piping

VSL 1811.0 ft3 Free volume of reactor vessel
between the top and bottom of

. the main steam line penetration
I (between XL5 and XL6) plus the

,

volume of the main steam lines
out to the inner main steam iso-
lation valve

VSSOP 4435.0 ft3 Free volume of downcomer annulus ,

between top of the core outlet
plenum and the top of the steam
separators (between KL3 and XL4)

VUV1 1063.0 ft3 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)
VUV2 2031.0 ft3 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)
WRATED 240.0 lb/s Steam flow through fully open

safety relief valve when pres-
sure is PRATED (value given
above) .

WREF 9111.0 lb/s Core inlet flow for reference *
condition

.

I

k
|

. _- ..
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Table A.2. (continued),

Para Value Units Definition
N me

.

WBSLC '0.18 3 lb/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 17.5 ft Height of top of core outlet

plenum
XL4 32.63 ft Height of the top of the steam

separators
XL5 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 Feight 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.

s

~

s
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!

Table ' A.3. Run Specific' Parameters - Primary Containment
,

'" '#
f' 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)-8 -1s Fractional leakage rate of dry-
i

well (volume fraction per unit
time of the drywell atmosphere
leaking to the reactor building
atmosphere)

, FLSPG 1(10)-8 -1s Fractional leakage of suppres-
~

I sion pool atmosphere
'
,

HUMDWO 20.0 % Initial ~ humidity of drywell
-

atmosphere

j HUMSP0 100.0 % Initial humidity of suppression

| pool atmosphere
j 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

| OSDPC 610 a s Time at which the operator starts
i the wetwell-to-drywell differential *

{ pressure compressor
PIDWV 106a psia Drywell pressure at which oper-

| ators would initiate venting~

. through the 2.5 in. lines leading
i to the SGT system -

| PTDWG0 15.7 psia Initial drywell atmosphere pres-
,

| sure
'

PTSPG0 14.5 psia Initial suppression pool atmo-
sphere pressure

i TBASE 90.0 *F Initial suppression pool tempera-
. ture

! TBGRHR 14400.0 s Elapsed time at which the opera-
tocs begin pool cooling i

| TDMETO 145.0 *F Initial drywell metallic heat sink
temperature-(primarily the ~1 in. *

thick drywell liner)

.-
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Table A.3. (continued)e.

Para Value Units DefinitionN me
.

TPMETO 90.0 *F Initial suppression pool metallic
heat sink temperature (primarily*

the ~0.75 in. thick suppression
pool shell).,

TGDWO 1 45.0 *F Initial drywell atmosphere temper-
ature

TGSP0 90.0 *F Initial suppression pool atmosphere
temperature

WDLEAK 0.68 lb/s Leakage flow of saturated water
|; from the reactor vessel to the dry-
!, well

1

"Very large values (e.g. , 610 ) may be used to prevent the indicated
operator action.

1

I
'

.

l
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Table A.4. Plant Specific Parameters -- Primary Containment .

Parameter Value Units Definition,

ADMET 18700.0 ft2 Area for heat transfer between dry-1

well atmosphere and metallic heat

sinka (i.e. the ~1 in. thick steel
drywell liner)

APMET 17000.0 ft2 Area for heat transfer between sup-
pression pool atmosphere and metal-

lic heat sinks (i.e. the ~0.75 in.
thick steel pool shell).

ASSPW 10860.0 ft2 Surface area of suppression pool
water

3BDWSP0 2500.0 (ft /s/pai) Coefficient for flow between dry-
well and suppression pool atmo-
sphere after the vent pipe is
cleared

3ft /s Bulk flow from suppression poolBRDPC 2.5
atmosphere to drywell atmosphere
when the suppression-pool-to-dry-
well differential compressor is
operating,

3BRHRP 22.2 f t /s Lulk flow per RHR pump in the pool
,

cooling mode
3BSPDWO 2000.0 (ft /s/ psi) Flow coefficient for flow between

| the suppression pool atmosphere
4 and the drywell atmosphere when

the vacuum breakers are open .

BSUMP 50.0 gpa Reactor building basement drain
sump pump flow (relevant only to
accident with liquid line break
outside primary containment).

CDMET 97100.0 Btu /*F Product of mass and specific heat of

metallic heat sink in contact with
the drywell atmosphere (primarily
the 1 in, thick steel drywell liner)

'
CPMET 55300.0 Btu /*F Product of mass and specific heat of

metallic heat sink in contact with
the suppression pool atmosphere

DTRVHL 404.0 *F Temperature dif ference corresponding
to reactor vesset-to-drywell heat

loss QRVHLO
,

e

j =

1
!

- _. --
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A.4. (continued)
o

*#*** *# Value Units Definition
,

* ERHRR 0.433 Effectiveness of RER heat exchang-

ers for reference conditions (see
parameters WSWR, WRHRR): reference
heat transfer rate divided by the
product of minimum mass flow,
specific heat, and temperature

difference (between cold and hot
side inlet temperatures)

3(ft /s)(Ib/ mole R)0.5 Flow factor for choked drywellFFDVC 1.252
venting

(f t /s)(Ib/ mole R)0.5 Flow factor for unchoked drywell3FFDVUC 3.01
venting

HUDWC1 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 atmospheret

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<

e PMNDPC 1.1 paid Pressure differential below which
j

the wetwell to drywell differen-
tial compressor will start if
operating in automatic

PKXDPC 1.35 paid Pressure dif ferential 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

j QRVHLO 948.0 Btu /s Reference reactor vessel-to-drywell
heat loss corresponding to

i
temperature difference DTRVHL

TAUOHL 600.0 s Time constant for decay of operating

! heat load QOPHLO af ter reactor scram

o

e

I

>

t
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A.4 (continued)
*

2

Parameter Value Units DefinitionName

TSQUEN 10.0 *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 *F 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 .hrough the RHR
coolers:

VGDW l.59(10)5 gt3 volume of dryvell atmosphere
VTSP 2.67(10)5 gg3 Total free volume (water plus at-)

mosphere) of the wetwell torus

WSWR 625.0 lb/s Reference service water flow per
i RHR cooler (see.also parameters

ERHRR, WRHRR)

WRHRR 1389.0 lb/s Reference RHR pumped flow per RHR
,

cooler (see also parameters EER2R
and WSWR)

,

WRHRSW 625.0 lb/s i RHR service wacht flow per RHR
cooler.,

.

!

{

i

!,

e

.
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.

Table A.S. Input parameters for drywell coolers

e Name BFNP value Explaination

3Bdwc0 2800 f t /s Total drywell cooler air flow

Ltrdwc 99.0 in. 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
(SB0FLG = 1.0 in Table A.1, but
time > TDIESL)

Otdwe 600.0 s Time of operator trip (if any) of'

drywell coolers

Ordwc 14400.0 s Time of operator' restart (if any) of
drywell coolers

Ptrdwe 16.95 psia 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 (SB0FLG*

,

= 1.0 in Table A.1, but time >

TDIESL)

Pvtdwc 465 psia Low reactor vessel pressure for trip

of drywell coolers ao explained*

above

Qdwcr 1389 Btu /s Heat removal by drywell coolers
under rated conditions: Tadwei,
Twdwei, Wwdwc, and Bldwc0

Tadwei 145 F Drywell cooler air temperature under
rated conditions

Twdwei 100 F Temperature of cooling water circu-
lating through the drywell coolers

Tfdwe 200 F Dryvell atmosphere temperature suf-
ficiently high to cause failure of
the drywell cooler blowers

Wwdwe 143.4 lb/s Flow of cooling water circulated
through the drywell coolers by the
RBCCW system

e

e

- .-,
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Table A.6. Input parameters for SRVs

.

#8
value Units De finitionna

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
' 8NSORV 0.0 NA Number of SRVs that stick open at

time TSORV
bOBRVD A s Time at which operator begins

manual depressurization of the
reactor vessel (accident sequence
dependent)

bOERVD A s Time at which operator ends manual
depressurization of the reactor
vessel-

OPCllSV 60.0 s Elapsed time between operator
checks of reactor vessel pressure

8OSVMAN 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) 10 42 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) 10 42 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

i

| *

. . _ _

- -



. _ . __ _- _ ..

115

Table A.6. (continued)
. - -

* Value- Units Definitionna

-e- ,

-PC(11) 1060 psia Closing pressure for automatic
i 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

PF0DP 100.0 psia Final target pressure for the manual

; depressurization initiated at time
OBRVD

;

i P0(1) 1115 psia Opening pressure for automatic

actuation 'of SRV No.1

P0(2) 1118 psia Opening pressure for automatic
actuation of SRV No. 2

P0(3) 1120 psia Opening pressure for automatic
actuation of SRV No. 3

; P0( 4) 1125 psia Opening pressure for automatic
,

actuation of SRV No. 4;

P0(5) 1126~ psia Opening pressure for automatic

actuation of SRV No. 5
P0(6) 1130 psia Opening pressure for automatic} .

actuation of SRV No. 6
,

P0(7) 1131 psia Opening pressure for automatic

actuation of SRV No. 7
P0(8) 1135 psia Opening pressure for automatic :

actuation of SRV No. 8 1

P0(9) 1138 psia Opening pressure .for automatic
'

,

actuation of SRV No. 9
P0(10) 1140 psia Opening- pressure for automatic

j actuation of SRV No.10
: P0(11) 1141 psia Opening pressure for automatic

actuation of SRV No. 11~
j P0(12) 1145 psia Opening pressure for automatic

actuation of SRV No. 12
P0(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 actuation1

4

r
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Table A.6. (continued)
.

8#*"***# .Value Units Definition9,

PDOCSV 50.0 psi Pressure difference, (reactor vessel
. pressure -- drywell pressure), re-'

quired for a closed SRV to open in
response to a manual or ADS SRV
actuation

i PDWADS 16.95 psia Righ drywell pressure for automatic
;

ADS actuation (logic seals in and
'

will not automatically reset)

PFMOSV 110. psia 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,

TSORV 1(10)6 s Time at which one or more SRVs stick
open

a
NA = not applicable.

b
A = arbitrary user input.

*

# xpected value specified for operator action.E '

,

e

1

:

4

9

! .

!

,

I
f
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Table A.7. Alphabetical listing
* of all input parameters

,

Parameter Default Table where
Udts

Name value defined.

ACOP 234.0 ft2 A.2

ACOR 137.0 ft2 A.2

ADMET 18700.0 ft2 A.4

ADSOVR 1.0 NA A.6

ALEAKO 0.0 ft2 A.1

APMET 17000.0 ft2 A.4

ART 42.3 ft2 A.2

| ASSPW 10860.0 ft2 A.4

ATWSF 0.0 NA A.1
3

ft /s A.5BDWC0 2800.0
3BDWSPO 2500.0 ft /s/ psi A.4

; BM 20.0 gpm 2.2
3ft /s A.4* BRDPC 2.5'

3ft /s A.4BRHRP 22.2
3ft /s/ psi A.4BSPDWO 2000.0

* BSUMP 50.0 gpm A.4

CDMET 97100.0 Btu /F A.4

CPMET 55300.0 Btu /F A.4

CPREF 3293.0 MW A.2
#

CPST 0.1 Btu /lb*F A.2

CPO 3293.0 MW A.2

DALEAK 0.0 ft2 .A.1

DM 29000.0 lbs A.3

DMIN 0.2 NA 2.5,

DKDTCR -1.0 (10)-5 (AK/K)/s A.2 '

DTRVHL 404.0 F A.24

DZS 21.2 ft 2.2
,

e DZV 35.0 ft 2.2
ERHRR 0.433 NA A.4

(f t /s)(ib/ mole R)1/2 A.43FFDVC 1.252
)

(f t /s)(ib/ mole R)1/2 A.43* FFDVUC 3.01

i

i

e

-. ._. . , . . ._
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Table A.7. (continued)
.

Parameter Default - Table where" **Name value defined
<

.

FFLASH .0.001 lb/ Btu a A.2
FFREC 0.02 NA A.2
FINTIM 18000.0 s A.1

'
FLDWG 3.12 x 10-8 -I-s A.3
FLSPG 1.0 x 10-8 -1s A.3

| FTSTAB 1.0 x 106 s A.1
!

| HCIO- 539.0 Btu /lb A.1

| HCST 58.0 Btu /lb A.1

j HPCIMX 694.1 lb/s 2.1

( HREF 522.0 Btu /lb A.2
HSCSF 16.2 ft 2.4

j HSRHRF 15.6 ft 2.4 -

| HUDWCI 20.0 % A.4
'

.
HUMDWO 20.0 % A.3
HUMSP0 100.0 % A.3
H0 3816.0 ft 2.2,

'
' .

H1 1.552 ft/gpm 2.2
H2 -0.02517 ft/gpm2 2.2i

JETPMP 0.0 lb/s A.2
KCRDCH 0.0447 ft/gpm2 2.2
KCRDTV 0.0507 ft/gpm2 2.21

'

KPTB 0.01 ft/gpm2 2.2i

{ KSU 0.000510 ft/gpm2 2.2
j LBASE -4.00 in. A.3
; LBOT 24.85 ft A.2
i LCSTSS 0.0 in. '2.1
'

LDCR 27.58 ft A.2
! LDCSET 560.0 in. 2.5
i LDC0 23.67 ft A.1

.

LHEDER 23.4 ft A.2-
+

! .
!

!

'
!

.

.- C'-'* = 7- - ' ' - - - - ' *w = - - - -~ *-- e v- -* ' *- - - -- - = * - - - - + - - - = * ~ - - *
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Table A.7. (continued).

Parameter Default Table where
ni s

Name value defined
,

~LHPIN 476.0 in. 2.1

LHPMIN 476.0 in. 2.1

LHPMT 540.0 in. 2.1

LHPT 58 2.0 in. 2.1

LLPI 413.5 in. 2.4 :

LLPIT 58 7.0 in. 2.4

LOP 5.58 ft A.2

LRCIN 476.5 in. 2.1

LRCMIN 476.5 in. 2.1

LRCMT 58 2.0 in. 2.1

LRCT 58 2.0 in. 2.1

LRT 10.0 ft A.2

LRVADS 413.5 in. A.6,

LSPSS 7.0 in. 2.1

LTCRD 58 2.0 in. 2.2

LTRDWC 99.0 in. A.5,

LTRJP 490.0 in. A.2

MINT 477000.0 lbs A.2

MRVST 1.5 (10)6 lbs 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 s A.6

OCBPC 60.0 s 2.3
ODCS 0.0 s 2.4

ODLPCI 0.0 s 2.4

OERVD 2400.0 s A.6,

,

8

?

. . , . - _ - , .
,. , -. - - - . -
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Table A.7. (continued) ,

Parameter Default- Table wheren s
Name value defined

.

ORPMAN 150.0 s 2.1-

OHPT 600.0 s 2.1,

OHPTR 1 (10)6 s 2.1-

00CBP 1 (10)6 s 2.3 (
) 00PTB 1 (10)6 s 2.2

00TV 1 (10)6 s 2.2
OPCHRC 60.0 s 2.5

OPCHSV 60.0 s A.6

ORCMAN 150.0 s 2.1

ORCT 7600.0 s 2.1

ORCTR 10800.0 s 2.1

ORDWC 14400.0 s A.5

OSBOR 250.0 s A.1,
-

.

OSCRI 250.0 s A.1

OSCS 1 (10)6 s 2.4
'

OSDLEV 250.0 s A.1

OSDPC 1 (10)6 s A.3;

) OSLPCI 1 (10)6 s 2.4

: OSSCRD 1 (10)6 s 2.2

OSVMAN 100.0 s A.6

OTCBP 0.0 s 2.3,

!

OTCRDP 1 (10)6 s 2.2
,

OTDWC 600.0 s A.5;

PC Various psia A.6,-

! PCOR 5518.0 ft A.2
| PDCVP 1.75 psi A.4

PDHOSV 20.0 psi A.6

PDOCSV 50.0 psi. A.6
.

PDLPI 16.95 psia 2.4

PDWADS 16.95 psia A.6

.

r--- .., - .-- , ,v e - 4 , , -
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Table A.7. (continued).,

i

Parameter Default Table where
Units

Name value defined1

e

PEHPIS 165.0 psia 2.1

PERCT 40.0 psia 2.1
.

4

PFMOSV 110.0 psia A.6
'

PHPIN 16.5 psia 2.1

PHPIS 115.0 psia 2.1 j
'

PIDWV 1 (10)6 psia A.3

PMNDPC 1.1 psi A.4'

PMXDPC 1.35 psi A.4

P0 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
'

PTDWG0 15.7 psia A.3
PTRDWC 16.95 psia A.5
PTSPCO 14.5 psia A.3

.

PVLPI 480.0 psia 2.4
PVLPIV 430.0 psia 2.4
PVTDWC 465.0 psia A.5
P0 1025.0 psi A.1

| QDWCR 1389.0 Btu /s A.5

QOPHLO 452.0 Btu /s A.4

QRVHLO 948.0 Btu /s A.2
RCICMX 83.3 lb/s 2.1
SB0FLG 0.0 NA A.1
SDVFLG 0.0 NA A.1
TADWCI 145.0 *P A.5
TAUOHL 600.0 s A.4

*
TBASE 90.0 'P A.3
TBGRHR 14400.0 s A.3
T8LEIN 0.0 s A.1

*

TCFAIL 30.0 s 2.4

1

1
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Table A.7. (continued)
,

Parameter Default Table wheren s
Name value defined,

.

TDIESL 1 (10)6 s A.1

TDMET0 145.0 *F A.3
TFDWC 200.0 *F A.5

TGDWO 145.0 *F A.3

TGSP0 90.0 *F A.3

THPIS 200.0 *F 2.1
TPMETO 90.0 *F A.3

.

TRCF 190.0 *F 2.1
'

TRCIS 200.0 *F 2.1
TSLC 1 (10)6 s 2.2

| TSLEIN 1 (10)6 s A.1
i TSQUEN 10.0 *F A.4
i TSORY 1 (10)6 s A.6

.

j TSTRAT 0.0 *F A.4
'

TSW 95.0 *F A.4
TWDWCI 100.0 *F A.5

~

t 10 30.0 s A.1
UAIRV 33.0 Btu /*F/s A.2j

j VANN 1044.0 ft3 A.2
VDIFF 192.0 ft3 A.2

j VFREE 13000.0 ft3 A.2
VGDW 1.50 (10)5 ft3 A.4,

! VJET 58.4 ft3 A.2

; VOLP 2325.0 ft3 _A.2

j VREC 1150.0 ft3 A.2
'

VSL 1811.0 ft3 A.2
VSSOP 4435.0 ft3 A.2
VTSP 2.67 (10)5 gg3 A.4
VUV1 1063.0 ft3 ~

A.2
VUV2 2031.0- ft3 A.2

.

_ . , . . _ _ _ - -
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Table A.7. (continued),

Parametec Default Table where.

n a! Name value defined
e

WBSLC 0.183 lb/s A.2
WDLEAK 0.68 lb/s A.3
WGUESS 3578.0 lb/s A.1

'

WRATED 240.0 lb/s A.2
WREF 9111.0 lb/s A.2

|

; WRRRR 1389.0 lb/s A.4
,

WRHRSW 625.0 lb/s A.5
WSWR 625.0 lb/s A.4
WTEHP0 51.15 lb/s 2.1
WTERC0 7.97 lb/s 2.1
WWDWC 143.4 lb/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 A.2

.

XL6 37.88 ft A.2
!

XL7 44.09 ft A.2
XREF 0.133 NA A.2

1

!

,

I

6

.

.
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!

Appendix B
..,

a
'

SAMPLE INPUT AND OUTPUT

i * 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 BLOCK DATA in particular.4

In order to malfy input parameters for a BWR-LTAS run, it is nec-

{ essary to recompile at least the INOUT subroutine. All the input param-
| eters are initialized with default values in a single alphabetically
i arranged BLOCK DATA subprogram; INOUT obtains access to these parameters

via labeled commons. Any or all of the input parameters may be changed
j by adding assignment statements . to INOUT. In addition, - by setting the
i flaa, variable, IFLAG, to 0,1, or 2 the user may initialize a subset of -

the input data for, respectively, no operator action, expected operator
j| action, or operator action for the demonstration transient that was used

for code checkout. INOUT prints a namelist of all the input parameters;

i both before (default) and af ter the input data changes. In addition, it
j prints a subset of the input data in a- system summary of parameters

j (listed on Table B-2) that control the injection systems, the SRVs, and

j the containment cooling systems.
'

Table B-1 outlines the major steps in the operation of the MAIN
program and IN0UT. Besides the selection of preselected subsets of in-,

,

put data by IFLAG, the user may set flags ATWSF, SB0FLG, and SDVFLG to t

j 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--
3

| 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 IN0UT.r

| During execution, the program updates the value of all program var-
i iables after each 0.5 s time step. After PINTVL seconds have elapsed, a
| preselected list of key variables is written to Unir ' 6, for hard copy,

{ and, if desired, to Unit 20, which may be designated by site-specific
j job control language to be either punch cards or magnetic disc storage.
1 Table B-4 defines the output variables that are typically written to

i 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

j at s' 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 af ter statement number 600

i in MAIN. For example, the statement "IF (TIME.EQ.1000.) DEBUG = 1.0"
i will produce a DEBUG printout after 1000 s..

|' A hypothetical Station Blackout case was chosen for the sample
transient. The output is included as Table B.5; . it ' includes both thet

i normal column-output printed every 10 s, 'as well as a -DEBUG print at
3600 s. To rtm this case it was necessary to add the following -assi n-h,

ment statenects to the-IN0UT subroutine:;

:

.i

f is

. ~.

, 1
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, IFl_sG = 1.0 (Select best-estimate operator-actions) e
} SBOFIS = 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)
,

s.

; 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
i Station Blackout calculations are listed in the " Modified ' Input Data"

section of-the output (Table B.5). 'The DEBUG variable list was selectedi

for printing by inserting the following statement three lines after
; Statement 600 in MAIN: "IF (TIME.EQ.3600.) DEBUG = 1.0".
1 This case is not-intended to represent a realistic station blackout

accident sequence. The ; battery failure time of 1.5 h (5400 s) 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 finalI

for the depressurization, 100 psia, was determined by choosingpressure

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
j 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 is within inches of the level of the top of
the active fuel., *

I

,

e
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'

.

Table B.1. Outline of BWR-LTAS execution sequence

, e-

MAIN Program,

M.1 Call subroutine IN0UT

Subroutine INOUT

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

I.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

setpoints
IFLAG = 2: Values used for demonstration transient

I.3 Select Accident Flags (Def ault = 0.0) (see Table B-3)
ATW5F = 1.0: MSIV-closure-initiated ATWS
SB0FLG = 1.0: Station blackout
SDVFLG = 1.0: Scram discharge volume break

I.4 Modify other parameters, if desircd
* FINTIM, PINTVL, any other block data parameter

I.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 input parameters.

I.6 Return to MAIN

M.2 Initialize all transient variables

M,3 (Begin transiene calculation)

M.4 Set parameter DEBU' to 1.0 at selected - time (s) (=0 otherwise) to

cause subroutines NURV, POOL, and CONT to print detailed namelists

M.5 Calculate value of all system variables at the end of the 0.5 s
time step by calling suhroutines REALG2, XLIND, XSRV, RIKSEY,
HIPSEY, LPECCS, NURV, CRODKY, CB003T, WELL, POOL, and CONT

M.6 Write out'aut variables (Table B-4) to UNITS 6 and 20
if PINTVL seconds have elapsed

M.7 Return to step M.3 unless elapsed time exceeds FINTIM

|
. l

,

9

_ _ _ _ _ _ _ _ _ _ _
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Table B.2. Summary of parameters that control automatic and-
manual control actions, and system failures for injection *

systems, SRVs, and containment cooling systems

Standard Parameter ValuesParameter .
System Units"***

IFLAG=0 IFLAG=1 IFLAG=2

HPCI LHPMIN 0* 490 476 in.
HPCI LilPMT -1.E6* 540 540 in.
HPCI OHPT 1.E6 1.E6 600 s
HPCI OHPR 1. E6 1. E6 1.E6 s
llPCI OHPMAN 1.E6 150 150 s
llPCI PHPIN 16.5 16.5 16.5 psia
HPCI LHPIN 476 476 476 in.
HPCI LilPT 582 582 582 in.
HPCI PHPIS 115 115 115 psia
llPCI PEHPIS 165 165 165 psia
HPCI THPIS 200 200 200 *F
HPCI LSPSS 7 7 7 in.
IIPCI 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 s
RCIC ORCTR 1.E6 1.E6 10800 s

,

RCIC ORCMAN 1. E6 150 150 s
RCIC LDCSET 560 560 560 in.
RCIC OPCRRC 60 60 60 s
RCIC DMIN 0.2 0.2 0.2 -

RCIC LRCT 58 2 582 582. in.
RCIC LRCIN 476.5 476.5 476.5 in.
RCIC PERCT 40 40 40 psia
RCIC PRCIS 65 65 65 psia
RCIC TRCIS 200 200 200 *F
RCIC TRCF 190 190 190 *F
CRDHS OSSCRD 1. E6 1. E6 1. E6 s
CRDHS LTCRD 1.E6 58 2 58 2 in.
CRDHS 00TV 1. E6 1. E6 1. E6 - s
CRDHS 00PTB 1.E6 1.E6 1.E6 s

| CRDHS OTCRDP 1. E6 1. E6 1. E6 s

CP/CBP OCBPC 60 1.E6 60 s
! CP/CBP 00CBP 1. E6 1. E6 1. E6 s

CP/CBP OTCBP 1.E6 120 1.E6 s

LPECCS OSCS 1. E6 1. E6 1. E6 s
LPECCS OSLPCI 1.E6 1.E6 1.E6 s
LPECCS ODCS 1. E6 1.E6 0 s *

LPECCS ODLPCI 1.E6 1.E6 0 s
| LPECCS LLPIT 1. E6 587 587 in.

LPECCS LLPI 413.5 413.5 413.5 in.
.
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Table B.2. (continued)
=

Standard Parameter Values
Parameter

System Units
"*** IFLAC=0 IFLAC=1 IFLAG=2

.

LPECCS PVLPI 48 0 48 0 480 psia
LPECCS PDLPI 16.95 16.95 16.95 psia"

LPECCS PVLPIV 48 0 480 48 0 psia

LPECCS HSRHRF 15.6 15.6 15.6 ft

LPECCS HSCSF 16.2 16.2 16.2 ft

LPF.CCS NCS 4 4 4

LPECCS NLPCI 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 s
SRV OPCHSV 60 60 60 e

SRV OSVMAN 1.E6 100 100 s

SRV LRVADS 414 414 414 in.

SRV PDWADS 17 17 17 psia

SRV NSORV 0 0 0
SRV PDROSV 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 TBGRER 1.E6 1800 14400 s
OTDWC 1.E6 1.E6 600 s-

ORDWC 1. E6 1.E6 14400 s

Note: These parameters are defined in the body of the
report in Tables 2.1-2.5, and Tables A.1-A.6, and also in

,

the " system summary" part of a typical code output (Table B.5,
'

this appendix).

* Values of 1.E6 or 0.0, as appropriate, may be used to

prevent a potential operator action.

1

4

9
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Table B.3. Outline of accident flags and
their associated system effects

Flag Definition Effects

ATWSF ATWS (1) Initialize reactor at 28% power
(2) Calculate prompt power, add to decay

heat power
(3) Select X = 1.0 in subroutine XSRV (de-

creased operator sensitivity to RV
pressure fluctuations)

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

(5) Begin control rod insertion at time >.

1
OSCRI

| (6) Begin boration at time > OSBOR
i .

SB0FLG Station blackout (1) Fail all pumps and blowers that depend
on AC power, until time TDIESL

i SDVFLG Scram discharge (1) Begin leak from reactor vessel to
volume break reactor building at time 0.0 *

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

(3) CRD hydraulic system injection zeroed.

i

!

..

.
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Table B.4. Definition of typical output variables

:

^ *
Variable ' Definition

!

; TIME. ~ Time elapsed _(s) since TD (T0 =.the ~ initial time af ter
; reactor scram that calculations begin)
1

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

1
.

4 LDCVZ Actual collapsed reactor vessel water level (in. > vessel

zero)
!- LYAR" Reactor vessel water level, as measured via the ' Emergency-

Systems instrument (in > vessel zero)
aLSHRD Reactor vessel 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 / condensate booster pumps (1b/s)

P Reactor vessel pressure (psia)

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

* .

! WSTC Total steam flow' (SRV + KPCI, RCIC turbine exhaust) from
reactor vessel to suppression pool (1b/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 bulk. temperature (*F)
WECC Total reactor vessel injection from the Core Spray' and LPCI

: systems

a
. LDCVZ is used for internal code 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).
,
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Tabte 8.5. Listin8 of BWR-LTAS ootpet for e sample case

CEFALLT Input CAfA

CMAML
ACDP= ' 234.0C0000 .ACoa* 137 000000 eaCati= la#CC.CCCG ,AD50Va= 1.CCCCCCCC .ALEAaC= 0.C00000000E*C0eAPPET=

170CC.CCOC .AaT* 42.30000lt eA55Pue 10840.0000 .4f wSF= 0.000000CCOE *00.BDwCC= 2eCC.CCC00 .80h5PC= 25CO.CCCC0 e
SM= 20.0000CCO e8KJPC* 2.5CCCC000 .8RHRP= 22.1999969 e B5P0 w0 * 2C00.00000 etSUMP= 50.00CCCCC eCCME le -

97100.0000 eCPPET= S5100.0000 ,C8aLF= 329).CCCC0 ,CPST= 0.LC0CCCO24 .CPO= 3296.00000 ,CALEAR= 0.000CCCCCCC+00.
UMa 290CO.CCCG ,CNIke C.1191699e8 .ClavPL= 404.000000 eC25= 21.1599949 .02v= 35.CCC0000 ,ERM8P= 0.433CCCO28 e
FFLASMs 0. 99599993tE-0 3eFF Rf C= 0.1999999 96 E-01.F 8 h t t M= 18000.0000 eFLCwGo 0.3ttw99990E-OF.FL5PGs 0.!C0CCCCCtE-Cf F I51 AS=

1000000.00 ePCIC= 539.Coc*C0 - eMC5t* 58.CCCC000 . ,H PC I P E. 694.146992 ematFe 522.000000 e>5CSF= 14.1999949 ,
MSRMRf= 15.6000004 ,HUCwCl* 20.00C0000 eMum0wo= 20.C00CC00 .HLM5PCa ACC.CCCC00 ,M0= 3816.00000 ette

1.5520C005 .H2*-C.25tev998+E-01.JEIPPP. 0.C00000000E*00.KCaCCM= 0.44FeCCC04E-01.RCROTwo 0.5C7CCC0tet-01euP18= C.tCCCCCC16E-CI,
Rios 0.SLST00085E-03.LbASE= -4.CCCCCCCC ,L80l* 24.8SC0064 eLDCa* 27.580001a eLOCSE!* 560.00C000 ,LOCC=

23.6699982 - LPELEa= 25.3499939 .LPPIma 416.CCCCCO . .LMPMihe tie.CCCCCC . ,LMPMie $40.000C00 eLPPfe
582.0CC0CC .LLPIs 483.509000 .LLPlfa 50F.00uo00 eLOP* 5.57999992 .Lacthe 476.SCCCCO .LRCPIh* 476.5CCCCC '.

LRCMT= Sei.00CCCO eLRC T* 582.C900C0 .Lat= 10.00C0000. etavA05= 413.5C0000 .L5P55= 7 000CCCCC eLTCaos
582.000000 .LTPCwC= 99.0000000 . MINT * 477CCC.0C0 , mrv 5t= 15CCCCO.0C .hC5= 4.00000000 ehLPCI* 4.0000CCCC e

NTRMme 4.CCCCCCCO eu8avDe 1800.00000 eCC9PC= 60.00CC000 euDCS* C.CCCCCCCCCE*00,00iPCt = 0.0CCCCCCCCE+CC.CERvCe
2400.00000 .DHPMA4* 150.00C0C0 .CHPla 600.C00000 eChPtR= 10G0000.00 eCDC9Pe - 100C000.CC .00Pf8* LCCCCCC.C0 e

001 v = 1000000.00 .0PCHuce - 60.CCCCCCC .0PCM5v= 60 0CC0CCC .CRCPAN= ISC.0CC000 eCRCT= 7600.CC000 eCaCina
10800.0000 etaCWC= 14400.0000 058Ca* 2bc.000000 .05Cals 25C.CCCCCC .U 5C 5 = ACCC000.00 .CSCLEve 250.CCCCC0 e

ObOPC= 10CCCCO.C0 .05L PCI = 10CC000.00 ,C55 CRC = 1000000.00 .05vnAn* 100.CCCCCO .0TC8P= 0.CCCCCCCCCE*CCeCIC#CP*
1000000.00 ,0 I D wC = 6Co.00CCCC e PC * IC12.CC000 e 1030.00000 e 1042.00000 , 5014.00000 e IC23.CCCCC e
1062.0C000. , 1042.00000 e 1051 0CCCC e 1072.CCC0C e 1032.CCCCC e 1 Cec.00CC0 , 1053.000C0. .

'1015.CCCCC ,PCuas $518.00000 ,PCCVP= 1,75000000 , PCH05V= ' 20.00000CC ,PChAb5= 16.9499949 ePEPPl5*
165.000000 e* LACT = *C.0000C00 , PF PC 5v e llc.000C00 ,PHP!be 16.5000000 ,PPP15= !!5.00CCCC ,PICbv= +
1000000.00 ePC= 1185.00000 e !!!8.CCCC0 , !!20.0Ctro e It25.C0C00 e 1126.00000 . It30.C0C00 e
It31 0CCCC e !!3S.00000 e !!38.00000 e !!40.00000 , It41.CCCCO '

.PTLhCO* 15.6999998 .PinchC= 16.9499969 .

, I!45.00CCC , Lt47.CCCCC - ,POSIEC=
1821.00000 .PRL85= 65.0000 COO ,PRELR= 0.31999999) .PRa= 1020.0C000

ODwC a = 13e9.00000 .Pr5PCo* 14.SCCCCCC ,Pvtela 4 80.'C C0 CC C ,PvtPiv. 480.CCCC00 .PviCwC= 465.0COCCC ePC=- 1025.00000 e0LPHLO* 4S2.000000 eCav>LO* 948.000000 .aCICMs= 83 3CCC051 .5boFLCe C.000000000E+00.5CvFLC=
0.CCCCCC00CE+00eTADhCl= I45.00C000 eff#5ta 90.0000000 ,18GaMN= 14400.0CC0 etSLEINe C.CC000CCCCE+CC TCFAIL* M.
30.0000000 .TOIESL= IC0000C.0C .YDrif0= 145.000000 e f F 0 kC e 200.0COC00 .TCCwC* 145.000000 .TG5PC= Cd90.0000000 .TPPt5= 200.000C00 ,1PM(fc= 90.00C0CCO 1RCF= 190.CCCCCC etaCt5= JCC.C00000 .TSLC* 1000CCC.C0 e hJ

T5LEIN= ACCCCCO.CC .TSCUEg= 10.0000000 .Tsunva 1000000.00 .I5faAT= 0.CCCCCCCC0t+00.15mm 95.C0CCCCC ethchCI=
100.000000 .10= 30.0C00000 .0Atava St.CCCCC00 ewAhha 1044.00000 evCIFF= 192.CC0000 evFaEE* 13CCC.CCCC e'

veDu= 15*000.000 evJEfa 58.3999959 evCLPs 232).CCCCC e va EC * ItSc.CCC00 ev5t= 1811.00000 ev55CP= 4434.49522 eVI5P= 2676CC.CCC etuvis 1063.00000 evtv2= 2011.000C0 e wDL E as e 0.6ECCCCC07 .bGUE55= 3578.CCCC0 eb85LC=
0.ts2600021 - ewaATED= 240.00C000 .hacF= 9811 00000 emanada 1389.00000 ewa>R5w= 625.0000CC ewShn=

.mL3. 25.CCCCCC
4 e

ufEMPO* St.1499939 ewTtaC0= 7.97CC0027 ebeUhC= 143.399994 estle O.CCCC00000E+00 aL2= 0.00000000
t7.5000000 esL4= 32.630004v , RL S* 35.8800049 esL6= 37.880CC49 eDLF= 44.0899963 exaEF* 0.133CCCC16 .CECICB=

=0.9999999 F5E-0)eLC SI 55= n.C0000C000E +00.L T A JP e 490.000000 sh5 Cave 0.0000C00 COL +CO,PDOC5v= 50.00CCCCO .FCLPIs
16 9499969 ,PFCDP= 100 000CCO eFF0bC= 1.25199986 eFFDVUC= 3.010CC023 ,PPALPC* 1.35000038 ePMhCPC=
1.10000018 .TauCHLa 600.000000
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Table 5.5 (continued)

MUOlFIED BAPUI CATA

SIATIDM BLACRUUT &N EFFECT UNill ICC0000. ELAP5ED 5tCCh05. 84TIERIES F AIL AFliR 5400. tL AP5ED SECON0 5.
inIS 15 A TYPICAL CPERATOR ACil0N RUN.

uCIC Sv5ftM SUMPARY
UPERATOR AClloNS:

L*CMT S ic. CC Rv mAILR LEVEL !!N. 18CVE WE5SEL lEROS FCR P A NU AL TUR8thE TRIP
LRCMIN 52U.10 RW WATER LEWEL fur MAhlAt INtil4IICh CF RCIC FLCh
CRCT 1000000. itPE FCA P ANUAL TuR8 thE T R IP
DMCIA 1000CCO. 11PE FCR RESEfilhG Pah4AL IUR8thE TRIP
CRCMAN 30. TIME IU BEGIN MANUAL IhCREMENTAL RCIC CChTRCL
LCCSET 560. SEIPCthi FCR INCREMENTAL MANUAL CONTROL OF RCIC FLCW
OPCHEC =0 IIPE IhfERWAL BifwEEN CPER. CHECRS OF i>E RV WATER LEVEL FOR INCREMENTAL FLCh CCNTACL
CPIN 0.2 MIN. CEPAhotD FLUW FRACitCh ALLCutC FCA PAhLAL CChTRoL

AUTOMATIC CChTROL
LkCI 582. Rd L8tEL IINCHESS FCR AUIC. TUR8INE TRIP
LNCIN 416 2 RW LEWEL FOR ALTO. INiilATICh
PEPCT 40. TUA5|NE EXPAUST PRE 55LRt la PSP PRE 55LREB FCR Abit. TUR8thE TRIP
PRC15 65. RW PRES 5URE FCR AUTO. TuR61MF STEAN SUPPLY ISOLATION
TRCIS 200. TURBiht STEAM SUPPLY LINE SPACE TEPP. FCA AU T O. TURSINE STEAM SbPPLv I5CLATION

Sv5Tip FAILU*Eks
TRCF 490. Psp TE PP FCu RCIC/>PCI F AILURE

HPC I $v5ftP SUPPARY
OPERATOR ACTICh$s

LMPMIN 690.00 RW w ATER L EvtL FOR MA%uAL INITIAtlCN OF HPCI FLOh
LHPPI 54C.00 RV haftR LEWtL FCR MahUAL TURBINE TRIP
CPPT 4CC. IlME FOR PANLAL ILRBlhE TRIP
LFPTR 1000C00. TIME F0u RESET OF MAhLAL IRIP
CHPMAN 450 TIPE 10 8ECl4 MANUAL FPCI CONTRUL

AUT OM AT IC CCNiuUL s p.

P&Pim 16.5 PRIMARY CONT AINMENT PRE SS. FOR AUTC. HPCI th!TIAllCN CJ
LMPih 476. RJ weita LEVEL Fun AUTO. HPCI $TARI VJ
LHPT 582. My haler LEWEL FCR AUTC. TunstNE TRIP
PPPl1 !!5. uW PRC 55LRE FOR Auto. TUReihE STE AD $LPPLY R$CLAllCh
PLMPIS 16%. IURBI%E E AHAUST PRESSURE l* PSP PRE S$LRE I FOR ALTD. Sh0LAllCh
THPI 5 200. IUR8tht STEAP LINE SPACE TEMP. FOR AUTO. 15CLA110N
LSP55 T. INDICAftD PhP LE VEL FCR Auic. $HIF T CF PPCI SUCTICh FROM T>E C5T TO THE PSP
LCST55 O. CST LEWEL fur A U iJ . SH IF T OF HPL { SLCilch FRCM i>E C5I TC THE PSP

SYS TEM FAILLRES:
TRCF 190. PSP TEPP. FCR RCAC/HPCI FalLURE

CRD ev0NAULIC Sv5fiM SUMMARY
UPER ATOR ACTICNS:

055CRD 1000C00. T A PE F CR CPtRATCR TC $i&RT SECChD CR0 PuPP
LTCRC 581. INDICAILD RW meikR LEVEL ABCVE kHICH CPERATCR$ TFRCTTLE THE CRO PUPP CISCF. WALWE
CCiv 1000000. TIME FUR OPER ATUR TO OPE N CAD PUMP DI SCH. WALVE
CGPTb 100CCCO. IlPE FOR CPt R ATCR TC CPth THE PUMP IEST 8vPA55 VALVE
CTCRDP 1000C00. TIPE FOR OPIRATON TO IRIP ALL CnD PLPP5

CP/LtP $UMMARY
OPERATOR ACT!uess

CCSPL 60. TIPC INitRWAL BElmEEN THE PERICulC CPERATCR CHECRS OF RW MATER LEVEL FOR FLCW CCNTRCL
CCCCP 1000000. IBME h>EN CPERAfbR CONTROL OF CSP Flom SEGih5
CTLnP 120. TIPE hMEN LPtRAiuuS TRIP TPE CP5 AND CSPS

LP thJELitCN $v$ lt P SUPMARY
OPE R AT C A ACTich5

C$CS 1000000. TIPE FCA CptRATUR TO STAmi CORE SPRAv PLMPS
05LPCI 1000C00. IIPE FCR C PER A TOR TO START RHR PUMPS FCA LPCI
CCC5 IC00CCC. TIME FOR CPERATOR TO 085ABLE AUTC. CPEP. CF C$ Sv5fEP ]
CULPCI 1000000. TIME FOR OPtRATOR TO D15ASLE THE Alio. OPERATICh CF THE LPCI PODE CF RHR
LCGli 447.0 RW waf f t tEttt*KtCVE*k>tCF TPE-CPEAATOR WCutt ~CISCONTIRUECPI-TO-PREfERT 'CTE AF f LLikC PT
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Table 3.5 (contianeil)

Automatic CCNTR0ts
LLP8 413.5 AV WATER LEWEL FOR AUTO. START OF C5 AhD RHR PL*PS
PVLPl 480. LLu FV PRESS. ImITF HI Du PRES $8 FOR AUTO START CF CS ANC RHR PUNPS
POLPI 14.95 hl ORYmELL PaE$b. ImITH LC PV PRESS.) FCR C$ AhD RPR START
PvtP!V 480. LOW PV PRE $$. PEmmlis IgJ. VALVES to CPEN AFTER C$ Ah0/Cp RHR SUto. START

$TS TEM F AILL AE 5s
H5dHRF 45.6 THutSMCLD hPLM FCA F AILURE CF RPR PUMP
HSC4F . 16.2 That$ FOLD hP5H F0a F AILURE OF Ctaf $ Pray PLPP
hC5 4 NUM8ER LF GPEAA6LE CORE $PRAV PunP5'

'htPCI 4 AURSEP CF CPERA8LE RPR PUPPS ''

ICFAIL 30. TIME AM RHR PUNP OR C$ PLPP PUST CPERATE SELou THE T>Af$>CLD NPSH TO CAust Pump FAILUAE

5RV $UMMARY
UPER ATOR ACilLN$ t

A050vm 1. FLAG $f f ECb4L TO 1.0 ev USER TO CVERalCE AUTC. ACS
CendC 3600. T E RE CPER. 8EGIN5 MANL AL OtPRE SS. CF RW
CtRfC 9000. TIPE CPEA. tNCS MANUAL CEPRESS. OF RV
OPLH5V 60. ELAP5ED flPL SElufEh CPEA. CH4CAS CF RV PRES 5URE .

7 C5VMAN ICC. (IME at kHILH OPER. BEGINS MANUAL CChfRCL CF $RV5
,

, . PCCDP 100. TARGET RV PRESS AFTER UtPRESS. lAT Ilpf CERwCI
AUTOMATIC CCNidott,

PCWACS 46.9) blCP Cu PRE 55 FOR AUTO. A05 AcibailLh th0 AUTC. mE5 Ell
_ . PC I 18 1052. CLCSIh6 PRE 55uRE FOR AufC. ACTUAflCN OF-5AV NO. 1-

PCI 21 BC30. CLO5thG P8t550RE FCR Abic. ACTUAtlCh CF SaW h0. 2
PCI il IC+2. CLO$ths PatiiURE F04 ALTO. ACiuAllCN OF SRV ha. 3
PCI el 1014 CLC$thG PRESSURE FOR Auf0. ACTUAtl04 0F SRv NO. 4
PCl St IC23. CLosthG PAkhsunt FCR AbfC. ACTUAtlCN CF SRV NO. S'

, PCl el LC62. CLD58NG PRES 5LRE FDR AufC. ACILATBCh CF SRv hC. 6
PCI il 1042. CLO51MG PRE 55URE FOR AUTO. ACTUATION OF 5At NO. t

'

PC4 89 -LC51. 0LC$thG PRES $UAE FCA AufC. ACTUATICM OF $RV NO. 8
PC4 93 ICT2 CLO$ LNG PRE 5Staf FOR ALIC. ACTUAflCh CF S AW hC. 9
PCitol 1032. CLOSING PRESSURE FOR ALTD. ACTUAtlCN OF SAW hC. 1C "*

hfPClini 1000. CLC5EkG PREbhuat FOR AUTO. ACIUAllCN OF $4V NO. It
PCI128 ICS). CLO$lkG PRE 55LAE FCa AUTC. ACTUATICN CF $RV NC. 12

' PCit3D 1085. LLO$lhG PRES $LRE FOR ALTO. ACTLAllCh GF SRW NC. Il
P04 !) 1845. CPENihG PRE 55URE FOR AUTD. ACTUAfl0N OF SRt NO. I
Put 28 1888 OPENIhG PRES $Une FCR AUTC. ACTUATICM OF $4V N0. 2
P06 18 1820. OPENIkG PRE 55LRt &OR . Auf C. ACib4fICh CF 5AV hC. 3
PL4 49 4125. CPENihG PRE 55URE FOR AUTO. ACTUAil0N OF SRt h0. 4
Put SB 1126 CPENih4 PRES $URE FCN AufC. ACTUATICN OF 1RV NO. S
Pot 61 !!)C. OPENING PRE 55LRt FOA ALTC. ACTUAllCh CF SRV hC. 6
PCI fl. 1L38. UPtNING PRES $LRE FOR ALTO. ACTLAllCN OF $RW hC. T
Put di 1135. 'CPENihG PRES 5URE t0R AUTO. ACTUATION OF SAW NO. E
Pol 99 1838 CPEhlhG PRE 150RE FCR ALTC. ACTUAflCh CF 1RV NC. 9
PLitol 1440. OPENIhG PAES$0RE FOR ALTD. ACILAllCh 0F SAW hC. 10 [704143 !!41. CPEhlhG ppt $5UAt FOR AUTC. ACTUAil0N OF.5RV NO. 11 '

Pot t23 1845. OPENihG PRE 55URC FCR AUTC. ACTUATICN CF 1RV NO. 12
Pollst 1148. OPENihG PRES $tRE FCR ALIC. ACIUAllCh CF 1RW hC. 18 eSYSTEM FAILLRE$s
h5Cav C. AC. $RVS TPAI SiiCR OPEN Ai IIPE T10RV
PDF0$V 20. DELIA P 1RD = Om PRESS.O REQD.- TC HCLC 1RV CPEh
PCCC5W 50. CELTA P 1RW - Uw PAE55.3 nEQD. FOR CLOSED SRV 10 CPEh '

PF P05 V 110 CW PeESS AEUVE WHICP A MANUALLY OPENED $RV GR CNE OPENED BY AD$ blLL Fall CLC$EC
150RV 1000CCC. Time AI >HICH ChE CA PCME 5AV$ $TICR CPEN

PRIMARY C0hTAINPENT $YSTEM $bMMARY
UPE R A f 0R ACTICh58

PIDWW . 100CCCJ.0 Du PNESS. AT WHICH CPER.'thli. VEhilNG TO SGT $Yb.
TEG4tR RE00. TIPE af bHICH OPERATCR$ BEGlh PCCL CCCLihG
LICwC 1000C00. TIME CPER Aium TRIP DRvnt LL LDOLERS
CR 0 mL IC00C00. ILPE CPtNATOR RESTAMI CRYmELL CCOLERS

4
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Table 8.3 (continued)

&bA m t .

.

ACJP= .234.CCCCCC eACOn= 137.0CC000 .ALPEf* 18700.0000 .AC50V#= 1.C0CCC0C0 .ALEARC= 0.CCCC0CCCCE+CC.APPET*
17000.0000 . . ANT = 42.9000051 . A 55P ha RCf6C.CC00 4TmSF= 0.000000000E*00.eCuCC= 2800.00000 .80W5PC* 25Co.CCCCO- ,

S M= 20.0000C00 ,anCPCs 2.50C00000 etaPRP= 22.1999949 .85PDh0= 2CCC.CCCCC ,45upF= 50.0000000 .CCPET=-
9 FI CO. CCCC .CPPff* $5500.C000 eCPREF= 3293.0uo00 eCP5fe 0.800000024 eCPC= 3293.CCC00 .0ALEase O.CCCCCCC00E*00.

ON= 29000.CC00 ,DMIN= C.199999988 .0 T u vH L a 404.C000C0 .C25* 21.1999969 .Civ= 35.0000000 eEaMaas C.433CCCC28 e
- FFLASH* 0.999999931E-OleFFMLC= 0.199999996E-OleF14flMa IC8CC.CCC0 ,FlohG= 0.311999990E-07,FL5PGs 0.100CC0000E-07 EFT 5TA8*

5400.00000' .HCIC= 539.0000C0 ,HC51= 58.00000u0 .HPCIMn= 694.166992 .FREFm 522.CC0000 .H5CSF= 14.1999969 ,
H5AHRF= ' 15.6000C04 .HULWCt= 2C.CCCCCCC , HOP 0h0= 20.C000000 .HuPSPo* 100.000000 e ko = 3816.0C0C0 ,ela

4.55200005 .H2=-0.25te99944E-01,JEIP4P= C.CCCCCC000E+00 aCACCH= 0.4470CCCC4E-01,ECp0Two 0.50 F000014E-01.m pig 0.100C000 46E-0 4 -
E5d= 0.StSFCCC85E-CleLbA$Es -4 0000C000 ELECT = 24.850006L ,LCCm= 27.5400088 eLOCSEle 540.CCCCCC . LOCOS

23.6699982 .LHEDCN= 23.3999999 ,LMPthe 476.C00000 .LMPPIN= 490.000000 ,LPPPIs $40.000CCO .LPPI*
582.000000 etLPl= 413.500000 ,LLPIf= 50F.CCCCCC ,LOPa 5.57999992 ,Lacth= 4 76.5C0000 .LRCPike 520.CCCCCC ,

LdC4To SfC.CCCCCO . Lac ia 5s4.000000 ELAI = 10.0000000 eLRVADS* 413.5C000C .L5P55= 7.0CCCCCC0 ,LIC80s
561 00000C eLFaudC* 99.000CCCO eWIhis 4 F FCCO.000 .PRV5t= 1500000.00 .NC5= 4.CC000000 .NLPCl= 4.CCCCCCCC. .

NIAHR= 4.00000000 .LBAWDS 3600.0C000 ,CC8PCe 60.CCCCCCC euCC 5 = ICCCCCO.00 .00LPCI= 100C000 00 .0EAv0=
9000.CCCCC .CHPPAh* 15C.00C000 .CPrie 400.000000 eCPPTR= ICCCCCC.CC ,LCCBP= IC00CCO.00 eCCF18= 1000CCO.00. ,

00Tv= 1000000.CC e u PCM PL = 6C.CC00000 eCPCH5V* 60.0000C00 - ,0RCPANs 30.0000000 eCRCT= 10CCCCC.CC ,0acine
8000000.00 .0ACWC= IC00000.C0 05BOR= ICCCCCC.C0 ,C5CRI* IC00C00.0C eCSC5= IC00000.00 ,C5 CL E V= 3CO.CCCCCC ,

usuPCs 1000000.00 ,05LPCl= 400u000.00 .05hCAD= 1000000.C0 ,05vpAN* LCC.CCCCCO eCIC8Pa 120.0CCCCC . eCICDCP=
ICCCCCC.CC eu iD hC a IC00000.00 , PC = 1052.00000 . 1030.00000 , IC42.CCCCC 1014.C0CCO IC23.CCCCC ,e .
1062.00000 , 4042.00000 . IL54.CCCCC , 1C72.00000 , 1032.00000 , 1060.00C00 e 1053.CCCCC - ,
1015.00000 ,PCLN= 5518.00000 e P DC VP = 4.FSCCCCCC .PDH05ve 2C.CCCCCCC .PChAL5= 16.9499969 ,FE>PI5=
165.00C00C ,PENCf= 40.0000000 ,PFPC$v* L10.000000 ePHPINe 16.5CCC000 .PHPI5= !!5.CCCCCC .Pichva
1000000.00 .PO= 1115.00000 e' !!!8.CCCCC e 1120 00000 e 1125.00000 , It26.CCCCO e It3C.CCCCC ,

i

1131.00000 e 1135.00000 e 1138.CCC00 , 114C.CCC0C e 1841.CC000 . 1845.00000 , 1847.000C0 .PAATEC=
!!20.0C00C ePRCI5= 65.0000000 ,FRELR= 0.319999993 .PRR= 102C.CCC ePichGC= 15.4999998 ,PISCbCe 46.9499969 ..PvtPiv C0C DdCN = 1589.000C0 ePISPLO= I4.5Cu0000 .PvL Pl = + 80.000000 480.CC0000 , P vio WC = 4(5.CCCCCC ,PCs
1025.00000' ,JCPPL Ds 452.CCCC00 eQRvHLC= 948.00C0CC .RCICPA= 83.300CO31 ,$PDFLC= 1.00000000 .5CvFLGa

0.000000000E+00,TACwGi= 145.000000 , teases v0.0000000 .T8GAHn= 18CC.COCCO eTSLFIN* 0.000000000E,00efCFalla
30.CCCCCCC ofuiESL= 1000CCC.00 ,1CPtt0* I45.000000 ,TFOWCs 200.0C0CCO ,TGuMC* 145.CCCCCC .TG5PC*90.0000000 eTMPl>= 200.000CCC .TPPETC* 90.CC00C00 .IRCF= 190.000000 eTRCl$a 200.000000 ef5LC. ICCCCCC.C0 **e

T5LEIN= 100C000.C0 .TSCUEN= 10.0000000 .T5URVa !CCCCCC.C0 eillaAT* 0.CCCCCCCCCE+00.15t= 95.0000000 .TmCWCI= LJ
'"100.00C00C .TC= 30.0C00000 euAInv= 33.0uc0000 .v4NN= 1044.C0000 o v01F F = 192.CCCCC0 evFaEEe 13CCC.0CC0 ,

Vuowa 1590CC.CCC evJEfa 58.3959959 ,vCLP= 2325.00000 evREC= 1150.C0000 ev$t= 1834.0000C ev$5CP= 4434.49922 e
viSP= 26F600.000 e vuv t * 1063.00000 evLv2* 20ll.00CCC emoLEAK* O.68CCC0007 shGUE55= 3578.00000 .W85LC=

ndAftC= 240.000000 eWRtF* 9811 00000 .hRNAR= 1389.CCCCC etnHa5We 425.000CCC eb5bes 625.CCCC000.18460CO24 e ,
WIEMP0s- 51.1459939. ,WTiRCOs F.97CC0027 eh*0WC= 143.399994 eRL4= 0.000000000E*00enL2= 8.000CCCCC enL3=

17.5000000 eKL4= 32.6100049 .AL5= 35.E8CCC49 ,aL6= 37.8800C49 esL7= 44.0899963 .AREF= 0.133CCCole .CKGICA=
-0 9999994754-03 LC5T55= 0.000000000E+00eLTAJP* 490.000000 .N5Da ve O.CCCCCCCCCE+CC,P0005vo 50.0000C00 .FCLPl=

16.9499969 .PFOOP= ICO.00CCC0 ,FFCVC= 1.25899986 ,FFCVUC= 3.010CCO23 ,PasCPC= 1.35000038 ePPbCPCs3.40000038 ofAuOHL* e00.CCCC00
- EEND
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4 -
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Table 5.5 (continued)

714E PREL LDC WL L VAR L5HdD m14J P WFC57 mSIC LCCREL TGCW PFCWG LwSPAW Th$ PAW hECC
D.00 0.097 S00.0 501.5 426.3 0.0 1C25.0 168. 0.0 C. 145.0 15.70 -3.322 94.2 0.0
10.00 0.C39 498.8 499.9 444.0 0.0 1061.3 60. 0.0 C. 145.4 15.72 -3.322 94.2 0.0
20.00 0.038 4 9 F.4 498.4 421.9 0.0 1089.3 SS. 0.0 0. 146.8 15.76 -3.322 94.2 C.C
30.00 0.0$F 496.6 497.6 420.6 83.3 1t14.7 S0. 7.9 C. 149.1 15.82 -3.322 94.2 0.C
40.00 0.040 496.4 498.0 422.d 83.3 1080.4 197 236.9 1. 152.3 IS.91 -3 268 94.S 0.0
SC.00 0.C40 446.2 448.4 423.7 83.3 1056.5 198 232.3 1. 196.2 16.C2 -3 212 94.8 C.C
60.00 0.035 495.3 497.9 423.C 43.3 1076.4 S9. 7.F 0 160.6 16.14 -3.195 94.9 C.C
70.00 0.034 494.7 497.6 422.4 83.3 1099.3 S F. 7.8 C. 165.5 16 27 -3 193 94.9 0.0
8*.00 C. C 3 5 494. 3 497. 7 422.6 ej.3 1101.4 182. 241.2 1. 189.7 16.39 -3.180 95.C 00
90.00 0.037 494.3 498.3 424.4 83.3 80F1.0 196. 235.4 1. 174.3 16.43 -3 124 19.3 C.C
100.00 0.035 494.3 498.8 425.8 77F.5 1C60.2 99. 56.2 C. 178.9 16.51 -3.0F0 95.6 00
110.00 0.C33 496.C Sol.C 427.7 7F7.5 406F.S 90. 56.5 C. 183.4 16.59 - 3. C 6 5 95.7 0.0
120.00 0.012 496.9 S02.3 428.7 777.5 4078.0 70. 286.2 1. 18s.0 16.66 -3.C53 95.7 C.C
130.00 0.036 498.2 S04.5 432.4 TF7.5 1C31.7 184 2 74. 8 B. 192.4 16.74 -2.987 96.8 0.C
140.00 0.036 499.5 S06.5 45%.7 7F7.5 995.9 180. 265.1 1. 196.9 16.82 -2 924 96.5 0.0
ESC.C0 0.C34 500.8 5C0.6 439.C 777.5 959.3 171. 255.5 1. 2CI.2 16.89 -2.863 94.8 C.C
160.00 0.036 502.3 511.C 442.6 777.S 922.8 162. 245.5 1. 205.4 16.96 -2.004 97.2 C.C
170.00 0.035 534.1 513.6 446.4 7F7.5 886.6 154 235.8 1. 2C9.5 1F.03 -2. F4 8 97.5 0.0
18C.00 0.C35 5C6 1 516.4 450.4 FFF.5 851.0 146. 226.4 L. 213.5 17.1 C -2.694 97.8 0.0
190.00 0.C35 538.2 S19.4 454.5 7 F F. 5 816.0 139, 217.1 1. 217.3 1F.16 -2.642 98.1 C.C
200.00 0.064 510.6 $22.6 458.s 777.5 781.9 132. 43.7 C. 220.9 17.22 -2.592 98.4 0.0
210.00 C.ClO S12.8 525.3 461.1 777.S 787.1 34, 43.8 c. 224.4 17.28 -2.582 98.4 0.0
220.00 0.C30 $15.5 528.5 463.9 777.5 78S.4 27. 43.7 C. 227.7 17.33 -2.572 98.5 C.C
230.00 0.030 518.4 532.0 467.1 777.1 182.2 25. 43.6 c. 230.9 1F.38 -2.563 98.S C.C
240.00 0.029 S24 1 556.1 4FD.F 7F7.5 778.6 19 43.4 C. 233.9 17.43 -2.553 98.6 0.0
250.00 0.029 525.0 539.5 473.9 FFF.S 773.0 15 43.2 0. 236.8 17.48 -2.543 98.4 C.C
260.00 0.028 525.8 540.8 4F5.4 83.3 773.1 2. S.8 C. 239.6 17.52 -2.S41 98.6 0.C
270.00 0.CJ8 527.1 442.S 4F6 8 83.3 173.8 3. 5.8 C. 242 2 17.56 -2.540 98.6 0.0
280.C0 0.C28 528.C 343.8 4F8.1 83.3 774 1 2. S.8 0. 244.1 17.6C -2.539 98.7 0.0
290.00 0.028 529.0 545.0 4F9.3 83.3 774.4 2. 5.8 C. 247.0 17.64 -2.537 98.7 C.C
500.00 0.027 S29.9 S46.3 480.5 al.3 774.5 2. 5.8 c. 249.3 17.68 -2.536 98.7 0.0 km
310.C0 C.C4 7 9 3C. 8 S4 7. 5 481.s u3.3 774.6 2. 5.8 0. 251.5 17.71 -2.535 98.7 0.0 Le
320.00 0.02F S31.8 548.7 483.C m 3. 3 774.6 2. S.8 0. 253.5 17.74 -2.533 94.7 C.C Ch
330.00 0.C27 532.7 S49.9 464.t 83.3 174.5 2. S.8 C. 255.4 17.77 -2.532 98.7 0.C
340.00 0.026 S33.6 S51.1 489.3 83.3 774.3 2. 5.8 C. 257.3 17.80 -2.S31 98.1 0.0
350.00 0.024 534.6 552.3 496.4 83.3 774.0 1. S.8 0. 219.C 17.83 -2.53C 98.7 C.C
360.00 0.026 535.S S$3.5 487.6 83.3 173.6 t- S.8 0. 260.7 ti.85 -2.528 98.7 C.C
370.00 0.026 536.4 SS4.F 489.F 83.3 773 2 J. S. 8 c. 262.3 17.48 -2.527 98.7 0.0
38C.00 0.C46 S3F.4 $5S.9 489.8 m ). 3 772.3 0. 5.8 0. 263.8 17.9C ~2.526 98.7 0.0
390.00 0.G26 538.5 557.0 est.C 83.3 771.2 0. S.8 0. 265.2 17.92 -2.524 98.7 0.C
400.00 0.026 S39.3 558.2 492.1 83.3 770.2 c. S.8 c. 266.5 17.94 -2.523 98.7 0.0
410.C0 0.C25 540.3 559.4 493.2 83.3 769.2 0. S.8 0. 267.8 17.96 -2.522 98.7 0.0
420.00 0.C25 541 3 560.6 494.3 83.3 76a.2 0. 5.8 0. 269.0 17.98 -2.521 98.7 C.C
430.00 0.025 542 3 561.8 495.5 83.3 767.3 C. S.8 0. 270.1 17.99 -2.519 98.7 0.C
440.00 0.025 S43.3 563.1 496.6 83.3 766.4 0. S. 8 C. 271 1 14.C1 -2.518 98.7 0.0
450.00 0.025 $44. 3 564. 3 49 7. 7 m3.3 765.5 O. 5.8 C. 212 1 1s.03 -2.517 98.8 C.C
460.00 0.02S 545.4 565.5 498.8 79.1 764.7 0. S.S 0. 273.1 1a.04 -2.515 98.8 C.C
470.00 0 024 546.4 566.8 499.9 79.1 764.C 0. 5.5 C. 274.C 18.05 -2.514 98.8 0.0
48C.00 C.C/4 547.5 568.C SQL.C 79.1 763.4 0. S.S 0. 274.8 18.C7 -2.513 98.8 0.0
490.00 0.024 See.7 $69.4 502.1 79.1 761.0 0. S.S 0. 275.6 18.08 -2.512 98.8 0.C
500.00 0.024 549.7 570.5 503.1 C.C 763.7 C. 0.0 0. 276.5 18.09 -2.511 98.8 0.0
510.C0 C.C24 55C.S 5 71.4 503.7 0.0 76%.8 0. C.0 C. 277.C 18.1C -2.511 98.8 0.0
S20.00 0.023 551.3 $72.2 504.4 0.0 767.8 0. 0.0 0. 277.7 18 11 -2.518 98.8 C.C
530.00 0.023 $$2.0 573.C 505.C 0.C 769.9 C. 0.0 C. 278.3 18.12 -2.511 98 8 C.C
S40.00 0.023 554.8 573.8 505.6 0.0 F71.9 0 0.0 C. 278.9 15.13 -2.511 98.8 0.0
550.00 0.023 553.5 574.6 506.2 0.0 Fil.B 0. 0.0 C. 279.4 18.I3 -2.511 98 8 c.C
560.00 0.023 554.2 SFS.4 506.8 C.C 775.8 0. 0.0 C. 279.9 18.14 -2.511 98.8 0.C
570.00 0.023 554.9 SF6.1 507.3 0.0 777.6 0. 0.0 C. 28C.4 18 15 -2.511 98.8 0.0
S80 00 C.C23 555.4 576.7 507.8 0.0 779 1 0. 0.0 C. 280.8 18 16 -2.511 98.8 0.0
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Table 8.5 (continue 8)

719E PAEL LCC92 LYAR L$HRC st4J P M7057 WSTC LOGaEL 740m P7ChG Lh5PAV ThSPSV hfCC
590.00 0.C23 994 3 $77.4 S08.4 C.C 701.6 c. 0.0 0. 281.2 18.16 -2.511 98 8 C.C
600.00 C.025 SSF.1 5F8.5 509.0 0.C 743.9 C. C.0 C. 281.6 14 17 -2.511 98.0 0.0
640.00 0.C22 $57.9 578.5 509.4 0.0 786.1 0. 0.0 C. 201.9 18.17 -2.511 98.8 0.0
620.00 0.C22 SSS.7 580.1 580.2 0.0 788.4 0. 0.0 0. 262.2 18.18 -2.511 98.8 C.C
630.00 , 0.022 959.S 580.9 510.7 C.C 790.8 C. C.0 C. 242.5 18.18 -2.S!! 98.8 0.C
640.00 0.022 S60.4 $81.9 514.3 0.0 793.S 4. 0.0 C. 282.8 10.19 -2.511 98.8 0.0
6SC.00 0.C22 $61.2 582.6 511.8 0.0 7 96 .5 1. 0.0 C. 243.1 10.19 -2. Sal 97.8 C.C
660.00 0.022 562.0 583.4 512 3 C.C 799.8 2. 0.0 0. 283.3 18.20 -2.S41 98.8 C.C
670.00 0.022 562.8 584.2 512.8 0.0 8C. 6 2. C.0 C. 283.5 18.2C -2.511 98.8 0.0
68C.C0 0.C22 563.6 384.9 543.4 0.0 80F.5 3. 0.0 0. 283.7 10.2C -2.511 98.8 0.0
690.00 0.021 564.3 $85.6 511.4 C.C 811.9 3. 0.0 0. 283.9 18.24 -2.511 98.8 C.C
700.00 0.021 565.0 586.3 513.9 0.0 486.4 4 C.0 C. 284.0 18.21 -2.S11 98.8 0.0
710.00 0.C21 565.7 586.9 514.2 0.n 821 2 4. C.0 C. 284.2 18.21 -2.511 90.0 0.0
720.00 0.021 544.4 587.4 514.4 0.s 826.3 S. 0.0 0. 284.3 18.22 -2.581 10.8 C.C
730.00 0.021 $67.0 S88.0 $14.4 C.C 831.5 S. 0.0 C. 284.4 18.22 -2.511 90.8 0.C
740.00 0 021 567.6 588.0 S14.8 0.0 836.9 5. C.0 C. 284.5 10.22 -2.511 98.8 0.0
F50.00 0.C21 568.1 See.C 515.C 0.0 842.5 6 0.0 C. 284.4 18.22 -2.511 98.4 C.C
760.00 0.021 568.7 $88.C 515.1 C. C 848.1 6. 0.0 0. 284.7 18.22 -2.SL1 98.8 0.C
F70.00 0.C21 569.2 988.0 5L5.1 0.C 85).9 6. C.0 C. 244.0 18.25 -2.511 98.8 0.0
78C.C0 0.C21 569.1 $88.C S15.2 0.0 859.7 4. 0.0 0. 284.8 18.23 -F.SLI 98.4 0.0
790.00 0.024 570.1 588.C $15.2 C. C 86S.6 6. 00 0. 284.9 18.23 -2. Sit 98.8 C.C
800.00 0.020 570.6 588.0 549.3 0.0 871.5 6. C.0 C. 284.9 48.23 -2.511 98.8 0.0
840.00 0.CJC 571.1 588.C S19.3 0.0 877.4 6. 0.0 C. 244.9 18.23 -2.S12 98.8 0.0
820.00 0.020 571.5 588.C S15.3 0.0 883 4 6 00 0. 205.0 18.23 -2.S12 94.0 0.C
830.00 0.020 571.9 S88.C $15.3 C.C 484.4 7. 0.0 C. 285.0 - 48.24 -2.512 98 4 0.C
840.00 0.020 S72.4 588.0 SAS.2 0.0 899.4 7 C.0 C. 285.C 18.24 -2.512 98.8 0.0
850.00 0.C20 572.8 988.C S19.2 0.n 901.4 7. 0.0 0 285.C 18.24 -2.912 98.4 C.C
860.00 0.020 573.2 588.0 S15.2 C. C 9CF.S 7. 0.0 0. 285.0 18.24 -2.SL2 98.8 0.C
870.00 0.023 573.7 388.0 515.2 0.0 913.5 7. 0.0 C. 285.C 10.24 -2.512 98.0 0.0
480.00 0.C20 574 1 588.0 585.8 0.0 947.S 6. 0.0 C. 285.C 14.24 -2.512 98.8 0.0
890.00 0 020 974.S S=9.0 $15.1 0.0 925.5 6. 0.0 0. 244.9 18.24 -2.$12 90.8 0.C p.
900.00 0.020 574.9 988.0 $15.1 0.0 93L.S 6. 0.0 C. 244.9 18.25 -2.512 98.8 0.0 (a
910.00 0.C2C 575.3 448.0 915.0 0.0 937.6 6. 0.0 0. 284.9 18.25 -2.582 98.8 0.0 %4
920.00 0.C20 5 75. 7 58 8. C S15.0 ' O.0 943 6 6. G.0 0. 284.9 18.25 -2.512 98.4 C.C
930.00 0.020 576.2 See.C 514.9 f.C 949.6 6. 0.0 0. 284.8 18.25 -2.512 98.8 0.C
940.00 0.020 SF6.6 S88.0 514.9 0.0 955.6 6 0.0 C. 284.8 14.25 -2.S12 98.4 0.0
950.00 0.020 577.0 See.C S44.9 0.0 961.5 6 0.0 0. 244.8 to.25 -2.512 90.4 C.C
960.00 0.019 57F.4 588.0 $14.8 C.C 967.S 6. 0.0 0. 284.7 18.25 -2.512 98.4 0.C
970.00 0.019 S F F.8 588.0 514.8 0.0 973.5 6. 0.0 C. 284.7 18.25 -2.512 98.8 0.0
980.00 0.C19 5 78.2 $88.0 Ste. F 0.0 979.5 6. 0.0 0. 284.6 18.25 -2.512 98.8 0.0
990.00 0.Ct9 178.7 388.0 S14.7 J.C 98S.4 6. 0.0 0. 284.6 14 26 -2.512 98 8 0.C
1000.00 0.019 SF9.1 588.0 514.6 0.0 991.4 4. C.0 C. 284.5 18.26 -2.512 98.8 0.0
1010.C0 0.C19 SF9.S $88.0 514.6 0.0 997.3 6. 0.0 C. 284.9 80.26 -2.512 98.8 0.0
1020.00 0.019 $79.9 588.C S14.6 0.0 1C03.3 6. 0.0 0. 284.4 18.26 -2.SL2 98.8 C.C
4030.00 0.019 580.3 S88.0 514.5 0.C ICC9.2 6. C.0 0. 284.4 18.26 -2.512 98.8 0.C
1040.00 0.019 5m0 8 588.C S14.5 0.0 1015.2 6. 0.0 C. 284.3 14.26 -2.512 90.4 0.0
1050.00 0.C19 $81.2 588.C 514.4 0.0 1021.4 6 0.0 0. 204.2 48 26 -2.S12 90 4 C.C
1060.00 0.011 581.6 588.0 514.4 C. C IC27.0 6. 0.0 0. 284.2 14.26 -2.512 98.8 0.C "

1070 00 0.019 $42.0 Ser.0 SL4.4 0.0 IC32.9 6. 0.0 C. 204.1 18.27 -2.512 98.8 0.0
100C.C0 0.C19 582.4 384.C $14 3 0.0 103o.8 6. 0.0 0. 244.1 18.27 -2.512 98.8 0.0
1090.00 0.C19 582.9 $88.0 514.3 C.C IC44.7 6. 0.0 0. 284.0 18.27 -2.512 98.8 0.0
1100.00 0.019 583.3 S86.0 514.2 0.0 1050.6 6. C.0 C. 283.9 18.27 -2.512 98.8 0.0
1410.00 C.C19 58 3. 7 $8 8.0 514.2 - 0.0 1056.S 6. 0.0 C. 283.9 48.27 -4.512 98.8 0.C
1120.00 0.019 584.1 548.C S14.2 0.0 1062.4 6. 216.7 1. 203.8 18.27 -2.512 98.4 C.C
!!30.00 0.024 $84.7 S88.0 $18.C 00 LCCO.0 153. 2CS.9 1. 283.4 18.28 -2.461 99.1 0.C
1140.00 0.021 $86.3 588.0 S20.z 0.0 984.4 97. 203.7 1. 283.8 18.28 -2.413 99.4 0.0
1150.00 0.020 58e.2 588.0 $20.1 0.0 975.8 125. 202.7 1. 283.3 18.29 -2.364 99.3 C.C
!!60.C0 0.020 585.0 $88.0 $20.3 C.C 968.5 120. 201 8 8. 203.7 18.29 -2.316 100.C 0.C



Table 8.5 (continued)

it4E PREL LOCwl LYAR LSHet WINJ P WTOSF WSTC LOGREL FG0h PFChG LwSPAD th5 Paw hECC1170.00 0.C20 583 2 $88.0 519.4 C.C 961.4 104. 200.9 1. 283.7 18.3C -2.268 1CC.2 C.C1180.00 0.020 Set.1 388.0 $18.3 0.0 953.5 106. 199.8 1. 283.7 1s.30 -2.220 100.5 0.CAL9C.00 U.C2C 578.9 588.0 547.1 0.0 945.8 106. 198.6 1. 283.4 18.3C -2 473 !CC.t 0.01200.00 0.C 20 * Ft. ) 588.C 515.5 0.0 93a.3 106. 19F.4 1. 283.6 18.38 -2.126 LC1.1 C.C1210.00 0.020 574.6 368.0 514.7 C.C 930 9 RC5. 196.2 1. 283.6 1s.31 -2.079 108.4 0.C1220.00 0.C20 SFt.4 S88.0 513.4 0.0 923.6 104 194.9 1. 283.5 18.32 -2.033 101 7 0.0123C.C0 0.020 SFC.3 ScR.C 512.2 0.0 910.4 104 193.6 1. Oe3.5 18.32 -1.987 ICI.9 C.C1240.00 k.020 56s.2 587.4 511.C C.C 9C9.4 103. 192.3 1. 283.5 14.33 -1.944 102.2 0.C1250.00 0.CIO 566.1 Se5.4 503.8 0.C SC2.9 98 191.0 B. 283.4 18.33 -1.895 102.5 0.0126C.C0 0.C20 564 1 583.5 508.6 0.0 8 90 .2 99 0.0 0 283.4 18.34 -1.85C 102.7 0.C1270.00 0.C17 $62.5 $81 4 506 2 C.C 914.7 28. 0.0 C. 283.3 1f.34 -1.45C 102.7 0.C1240.00 0.017 S60.6 S79.3 $04.1 0.0 92 F. 5 27. C.0 0. 283.3 18.34 *t.850 102.7 0.01290.00 0.C1F 55e.9 577.s 502.1 0.0 936.4 22. 0.0 0 283.2 18.34 -1.85C IC2.7 0.01300.00 0.017 557.8 575.9 500.7 0.P 94a.0 18. 0.0 0. 283.1 18.34 -1.85C 102.7 C.C1310.00 0.018 55F.1 SF5.0 499.7 0.0 956.7 15. 0.0 0. 283.1 18.35 -1.850 102.7 C.C
1320.00 0.0tn 556.F 574.4 ef8.9 0.0 964.6 11 0.0 C. 283.C 48.35 -1.850 102.7 0.C1340.00 0.048 556.5 574.1 434.4 0.0 9 72 .4 82. 0.0 0. 282.9 18.35 -L.950 4C2.7 C.C1340.00 0.01s 5 56. 5 5 F3. 9 49 7. 9 C.C 979.1 10. 0.0 C. 282.9 18.35 -1.850 102.7 0.C1350.00 0.C18 556.5 SF3.8 497.6 0.0 985.9 10. 0.0 C. 282.8 88.15 -1.850 102.7 0.01360.00 0.C 18 S S6. 7 S F 3. m 49 F. 3 C.O 992.4 9 0.0 0. 282.8 14.36 -1 85C 102.7 0.C13FO.00 0.018 556.a 573.8 497.1 C. C 494.8 8. 0.0 0. 282.7 18.36 -1.85C 1C2.7 C.C4380.00 0. Ctg SS F.I $7 3.9 416.9 0.C ICC4.C 8. C.0 C. 282.6 18.36 -4.850 102.7 0.01390.00 0.C l u S S T. 3 S F4.0 4 96.8 0.0 tutt.t 8 C.0 0. 282.4 18.36 -1.85C 102.7 0.08400.00 0.087 *S7.4 574.2 496.3 0.0 IC17.1 7. 0.0 0. 282 5 18.36 -1.85C LC2.7 C.C
1410.00 0.017 557.9 5F4.3 496.6 0.0 IC2$.1 7. 0.0 0. 282.5 18.36 -1.850 102.7 0.C1420.00 0.01F $$8.3 SF4.5 496.5 0.0 1029.0 7 0.0 C. 282.4 18 37 -1.850 102.7 0.01430.00 0.017 558.6 574.7 496.4 0.0 1034.8 7 0.0 C. 2f2.4 18.17 -1.85C 102.7 C.C1440.00 0.01 F 55s.9 S F4.9 496.3 C.C IC4G.6 7. 0.0 C. 282.3 18.37 -1 450 102.7 0.C1450.00 0.0tf $59.3 SFS.t 496.3 0.C 1C46.4 7 0.0 C. 282.3 18.37 -1.850 102.7 0.01460.C0 C.C17 559.6 575.4 495 2 0.0 1052.1 7 219.4 8. 282.2 14.38 -L.85C 1C2.7 0.C4470.00 0.022 560-. 377.0 4%w,5 0. C 994.2 147. 208.7 1. 282 2 18.38 -1.799 103.C C.C >d1480.00 0.020 56L.3 378.4 $01.3 0.0 980.6 95 2C6.4 1. 282.2 18.39 -1.750 103.3 0.0 LJ1490.00 0.Civ 561 2 $78.7 S08.7 0.0 971.9 123. 2C4.9 8. 2f2.2 18.39 -8.701 1C3.4 0.0 00
!$CG.00 0.Ct9 559.9 577.6 5L'.2 0.0 963.8 131. 203.5 1. 282 2 18.40 -1.453 1C3.5 C.C1510.00 0.019 556.t SF6.C 500.3 0.C 955.7 134. 2C2.t 8. 282.2 18.40 -1.604 104.2 C.C
1S20.00 0.013 556.1 574.1 499.2 0.0 947.6 135. 20C.6 8. 282 2 14.41 -1.557 1C4.5 0.C1530.00 0.019 554.0 572.2 498.3 0.0 93#.6 135. 199.8 8. 282.2 18.44 -1 509 IC4.4 C.C
iS40.00 0 018 551.9 570.2 496.9 C.C 931 9 !!2. 19 7.5 t. 282.2 18.42 -1.462 ICS.C C.C1550.00 0 018 549.8 $68.1 49%.7 0.C 924.5 130. 195.8 1. 282.2 18.43 -1.415 105.3 0.01560.00 0. Cit 54 7. F 566. 9 494.4 0.C 916.F 529 194.1 8. 282.2 18.43 -1.349 LCS.6 0.015F0.00 0.018 545.F $64.4 495.4 C. C 9C9 2 128. 192.4 4. 282 2 18.44 -1.323 105.9 C.C1580.00 0.014 $43.8 562.6 492.3 C.C 9C1.9 127. 190.8' l. 282 1 14.44 -1.277 106 1 0.0159C.C0 0. Cts 541.9 560.0 411.3 0.0 894.6 127. 189 2 1. 282.1 18.45 -1.232 106.4 0.CE600.00 0.018 54G.C 554.0 490.2 0.0 et F. 5 126. 0.0 0. 282.1 18.45 -l.187 106.7 C.C4610.00 0.016 536.6 5S7.2 485.1 0.C SCS.7 27. C.0 C. 282.1 Ad.46 -1.L87 106.7 0.C6620.00 0.016 537.1 SSS.S 486.4 0.0 91s.0 26. 0.0 C. 282.1 18.46 -1.187 106.7 0.C
1m30.00 0.016 535.8 554.0 484.4 16.7 925.6 23. 1.4 0. 282.C 88.46 - 1.18 7 1C6. 7 C.C1640.00 0.016 534.9 552 9 463.6 16.7 938.2 20. 1.4 0. 282.0 18.47 -1.187 106.7 C.C1650.00 0.016 534.4 5S2.s 482.7 16.7 94F.C 17 1.4 C. 281.9 15.47 -1.187 106.7 0.01660.00 0.C16 534.8 SSI.n 482.1 16.7 955.3 86 L.4 0. 281.9 te.47 -1.18e 106.7 0.04670.00 0.016 533.9 SSI.5 481.5 16.7 963.2 14 1.4 0. 281 9 18.47 -1.186 106.7 0.C
1680.00 0.016 558.9 SSt.) 481.1 16.7 9 70. 7 al. 1.4 C. 281.8 18.48 -L.146 106.7 0.0*6dC.00 0.Clo 533.9 551.2 ta3.d 20.8 97F.8 13. 1.8 0. 281.8 18.48 -1.186 1C6.7 0.C1700.00 0.Cte 534.C 551 2 440.5 20.8 484.6 12. 1.8 0. 281.8 18.48 -1.185 1C4.7 C.C1710.00 0.016 534.1 $$1.2 440.2 20.8 594.1 12. L.8 0. 281.8 88.49 -1.185 106.7 C.C
1F20.00 0.016 534.2 5*t.2 460.0 20.8 997.5 11. 1.8 C. 281.7 18.49 -1.184 1C4.7 0.01F30.00 0.014 534.4 551.3 479.4 20.8 1003.6 11. 1.8 0. 281.F 18.49 -4.184 1C4.7 C.CIF40.00 0.016 534.6 551 4 4F9.3 JC.e ICC9.5 10. 1.8 c. 281.7 48.50 -1.184 106.7 C.C
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Table 8.5 (contlaued)

ilME P8&L EDCv2 LVA4 L5HAC m thJ P m7057 h57G LOCREL TG0b PFChG Lk5P8W 7b5P8v hECC
IF50.00 0.016 534.9 558.6 479.6 25.0 1C1$.2 10. 2.2 0. 281.7 14.50 -1 183 AC4.7 C.C1760.00 0.016 595.4 558.F 479 5 25.C IC20.7 10. 2.2 0. 281.6 L8.50 -1.183 106.7 C.C
1770.00 0.016 535.4 55$.9 4F9.4 25.C ECl6.1 9. 2.2 C. 281 6 18.51 -1.182 106.7 0.C
1780.00 C.Cte Sss.7 ss2.I 479.4 25.0 1031.3 9. 2.2 0. 281 4 18.51 -l.182 106.7 0.C
1790.00 0.016 536.0 552. 3 4 F9. 3 25.C IC36.4 9 22 0. 281 6 18.%1 -1.181 106.7 C.C
1800.00 0.016 536.3 552.5 4F9.3 25.0 BC48.3 8. 2.2 0. 281 6 48.52 -1.181 106.7 0.0
istC.00 C.C16 536.6 254.8 4F9.3 49.2 1046.0 8 2.6 0. 288 4 18.52 -1 380 1C6.7 0.C
1820.00 0.C16 5 3 F.0 55 3.1 4F9.s 49.2 BCSC.6 8. 2.6 0. 281 5 14.52 -1 18C LCt.7 C.C
1630.00 0.016 557.3 $$3.3 4F9.4 29.2 IC55.C 8. 2.6 0. 281.5 18.53 -1.179 106.7 C.0
1840.00 0.016 537.7 525.6 479.4 29.2 1059.4 8 2.6 C. 248.5 18.53 -1.179 106.7 0.0
1d50.00 0.086 538.0 553.9 4 79.5 29.2 1063.6 7. 2.F 0. 241.5 te.53 -1.178 ICt.7 C.C
1860.00 0.016 558.4 > >4. 2 4 F9.4 29.2 IC6F.6 7. 224.s 8. 281.5 t u .54 -1.178 106.7 0.C
1470.00 0.C21 536.5 555.t 4a2.6 13.3 10C6.0 145. 213.8 1. 281.5 18.S4 -1.125 107.C 0.C
188C.C0 0.C21 54C.0 55F.3 485.6 33.3 967.5 149 206.6 3. 281.6 48.55 -1.C75 107 3 0.C
8890.00 0.018 S40.2 557.8 486.5 33 3 956.1 100. 204 5 1. 281 6 18.56 -1.027 107.6 0.C
1900.00 0.04 s 5 sv.s $5F.7 456.8 33.3 946.7 128. 2C2.8 1. 281.6 18.56 -0.978 107.9 00
194C.00 0.C18 538.7 556.F 486.4 33.3 93F.2 135 201.0 1. 281.4 16.57 -C.93C LC8.2 0.0
1920.00 0.018 537.2 555.4 485.8 33.3 92F.7 137. 199.2 1. 281 7 14.58 -0.88 3 1 C 8.5 C.C
1930.00 0.C18 535.6 554.C 485.1 J F. 5 918.3 138. 197.5 1. 281.7 18.58 -0.835 1C9.7 C.0
1940.00 0.C10 534.0 554.5 444.= 17.5 9C4.F B39. 195.3 1. 284.7 18.59 -0.789 1C9.C 0.0
1950.00 0.0t? 532.4 551.C 4e3.6 37.5 895.3 138. 193 2 1. 281.8 18.60 -0.763 1C9.3 C.C
1960.00 0.01F 530.8 549.S 4e2.9 37.5 890.C 13F. 191.1 1. 2P8 4 15.60 -0.697 109.5 C.C
1970.00 0.017 529.2 548.t 482.1 37.S 880.9 136. L89 1 1. 201.8 18.61 -0.652 109.8 0.C
1980.00 0.ClF 547.7 546.6 481.4 37.5 871.9 136. 187.1 8. 281.8 18.62 -0.607 11C.1 0.C
1990.00 0.04F 526.2 545.2 48C.7 41 4 863.0 135 185.4 4. 281.9 18.62 -0.563 110 3 0.C
2000.00 0.017 524. F 543.4 480.0 41.6 854.4 134 3. 2 C. 2tt.9 18.63 -0.519 !!O.6 0.0
dolo.C0 C.Cas 5t3.5 542.3 478.4 41.6 870.7 26 3.2 J. 244.9 18.64 -0.518 11C.6 0.0
2020.00 0.015 522.5 S41.1 476.9 41.4 882.C 26. 32 0. 281.9 18.64 -0.518 1RC.4 C.C
2030.00 0.015 521.5 539.9 475.6 4t.6 892.0 23. 3.3 0. 281.9 18.64 -0.517 11C.6 0.0
2040.00 0. C & S 510. 8 5 39. 4 4 F4.6 41.6 901.3 21. 3.3 C. 281.9 18.45 -C.516 11C.6 0.0
2050.00 0.C15 520.6 538.8 4F4.0 e3.3 90d.6 21. 6.7 0. 284.9 18.65 -0.58S itC.4 C.C
2060.00 0.015 520.5 518.6 4F3.t 83.3 917.4 19. 6.7 C. 281.9 18.66 -0.514 110.4 c.C ($2070.00 0.015 540.5 53a.5 473.2 83.3 924.F 18 6.7 C. 281.8 18.66 -0.582 140.6 0.0 yo
2080.00 C.CIS 52C.e 538.5 473.C m3.3 934.6 18 6.8 C. 281.8 Lt.e6 -C. Sit 11C.4 C.C
2090.00 0.01) 520.7 $3d.6 4 F 7. 7 83.3 938.1 17. 6.8 0. 241.8 18.67 -0.509 IRC.6 0.C
2100.00 0.015 520.9 S te. F 4 72.6 m 3. 3 944.3 16 6.9 0. 281.8 18.67 -0.500 !!O.6 0.C
2480.00 C.CI5 541.1 538.8 472.5 b3.3 950.3 15. 6.9 0. 281.8 18.67 -0.5C6 Itc.4 0.0
2120.00 0.015 528.4 539.C 472.4 83.3 95S.9 IS. 6.9 0. 281.8 18.68 -0.505 31C.4 C.C
2130.00 0.0!$ 521.7 $ 39.2 472.3 83.3 961.3 14 7. 0 C. 281.8 18.68 -0.503 11C.6 0.0
4140.00 0.Cib 522.C 539.5 4F2.3 83.3 966.4 14 7.0 C. 281.8 18.e4 -0.501 11C.7 0.C
2150.00 0.Cib 522.3 539.7 4F2.4 e3.3 971 3 13. 7.0 0. 281.9 18.69 -0.5CC 11C.7 C.C
2464.00 0.01S $22.7 540.0 4F2.4 83 3 970.0 13. 7.1 0. 281.9 18.70 -0.498 110.7 0.C
4170.00 0.CIS 543.1 $40.5 4F2.5 e3.3 980.4 13. 7.1 C. 281.9 18.70 -0.497 110.7 0.0
248C.00 C.C15 543.4 540.7 472.5 83 3 984.7 12. 7.1 c. 281 9 18.FC -0.495 llc.7 C.C .
Ji90.00 0.015 523.8 S4I.0 4F2.6 83.3 988.7 32. F.8 0. 281.9 18.71 -0.494 180.7 C.C
4200.00 0.015 524.3 541.4 4*2.u 83.3 992.5 11. 7. 2 0. 284 9 18.71 -0.492 110.7 0.0
2210.00 0.C15 544.7 S41.7 472.9 83.3 996.4 11. 7.2 0. 281 9 18.72 -0.491 tRC.7 0.C
2220.00 0.015 525.1 542.1 473.1 83.3 999.6 11. 7.2 0. 281.9 18.72 -0.489 11C.7 C.C
2230.00 0.015 525.6 542.5 4F3.3 83.3 BC02 8 10. 7.2 0. 281.9 18.72 -0.487 11C.7 0.0
J240.00 0.C15 546.0 543.0 4F3.5 85.3 1005.9 10 7.2 C. 281.9 18.73 -0.486 11C.7 0.0
2250.00 0.015 524.5 S43.4 473.7 43.3 100a.7 10. 7.s 0. 281.9 to.73 -0.484 t!C.7 C.C
2260.00 0.015 527.0 549.8 4F3.9 43.3 ICll.4 9 7. 3 C. 281.9 18.74 -0.483 11C.7 C.C
2270.00 0.015 527.5 544.3 474.4 83.3 1013.9 9 7. 3 C. 202.C 18.F4 -0.481 110.8 0.0
4280.00 0.C15 528.0 544.7 474.4 83.3 1086.2 9 7.3 0. 282.C 18.74 -0.479 Ilc.8 C.C
2290.00 0.015 528.5 545.2 474.7 83.3 Acta.4 8 7.3 c. 282.0 18.7% -0.478 110.8 C.C
4300.00 0.01% S29.0 545.F 47%.0 m 3.1 1020.3 8 7. 3 C. 282.C 18.75 -0.476 !!0.8 0.0
4510.00 C.C&S 529.5 S46.4 4F5.3 e3.3 1022.1 8 7.3 0. 282.C 18.76 -0.475 itC.8 0.0
2320.00 0.0 45 130.0 546. F 4 75.e 83.3 1C23.7 T. T.4 0. 282.0 18.76 -0.473 !!C.8 0.C
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Table 8.5 (continued)

P8(L LUCW2 LYAA L5HRL W IN J P W 7051 h57C LOG 8EL IGCh P7CbG Lh5 Paw imSPAv utCCFIRE
. C.Cil 53C.6 54F.2 4F6.0 83.3 1025.2 7. 7.4 0. 282.C 48.77 -0.471 !!C.8 0. 0 .J130.C0

2340.00 0.C15 531.1 $47.7 476.3 83.3 IC26.4 7. 7.4 0. 202 1 18.77 -0.470 110.8 0.C
2350.00 0.015 531.7 548.3 476.7 83.3 1C 2 F.5 6. 7.4 0. 282.1 18.77 -0.468 110.0 . 0.0

2360.C0 C.Cil 5 34.2 548.8 4 F7.0 83.3 1028.4 6. 7.4 0. 282 4 18.78 -1.467 itC.8 0.0

23F0.00 0.015 S32.0 $49.4 477.5 83 3 1077 1 6. 7.4 0. 202.1 18.78 -0.465 11C.8 C.C
2380.00 0.015 533.4 549.9 47F.9 83.3 IC29 7 5. 7.4 0. 282.1 18.79 -0 463 110.0 C.C
4390.00 0.015 S34.0 SSO.S 478.3 83.3 1030.2 5, 7. 4 C. 282.2 18.79 -0.462 18C.0 0.0

2400.00 0.Cil 534.8 Sit. I 4 F8.7 m).3 1030.4 5. 7.4 0. 282.2 18.80 -0.46C ttC.8 C.C
' ~ 2410.00 0.0t$ 535.2 551.7 4F9.2 83.3- LC30.6 4. 7.4 C. 202.2 18.80 . =0 450 11C.9 0.C

d420.00 0.015 535.8 552.3 4F9.6 b3.3 1C30.6 4 7.4 C. 282.2 48.80 -0.4S7 110.9 0.0

4430.C0 0.CIS 536 5 S43 0 480.1 83.3 1030.4 4. 7.4 0. 282.2 18.81 -0.455 !!C.9' O.0
2440.00 0.C15 537.t 553.6 480.6 83.3 BC3C.1 3. 7.4 0. 282 3 18.01 -0.454 130.9- 0.C
24S0.00 0 01) 537.7 554.2 481.1 63.3 1029.6 3. 7.4 C. 282.3 18.02 -0.452 110.9 0.0

2460.C0 0.C15 538.4 554.9 481.6 83.3 1028.9 3. 7.4 0. 282.3 18.82 -0.4SC tlc.9 0.0,

2470.00 0.015 539.C 355." 482.1 83.3 1028.2 3. 7.4 0. 282.3 18.02 -0.449 11C.9 C.C
2480.00 0.015 539.7 536.2 482.7 83.3 1027.3 3. 7.4 0. 282.4 18 83 -0.44 7 t ic.9 0.C
4490.00 0.015 540.3 556.8 493.2 83.3 1026.3 2. 7. 4 C. 282.4 18.83 -0.446 IRC.9 0.0

2500.00 0.015 541.C 557.5 483.8 83.3 1024.6 0. 7.4 C. 282 4 18.8* -0.444 !!C.5 C.C
2510.00 'O.016 541.7 $$8.3 484.5 83.3 3C22.3 c. 7. 3 C. 282.4 18.84 -0.442 !!C.9 ' C. C
2520.00 0.016 542.4 359.0 485.1 83.3 1C20.0 0. 7. 3 C. 2E2.5 18.85 - -0.441 110.9 0.0

2530.00 0.Ct5 543.2 559.8 485.8 83.3 1017.8 0. 7.3 0. 282.5 E8.85 - -0.4 3 9 11 C.9 b.0 -
2$40.00 0.035 S43.9 560.6 486.5 83.3 LCL5.6 0. 7.3 0. 282.5 18.85 -0.438 181.0 ' O.C
2550.00 0 015 544.7 $61.4 487.2 83.3 SCI).S 0. 7.3 C. 202.5 18.86 ' -0.436 114.0 0.C

4560.00 C.C15 545.S 562.2 48F.9 83.3 10!!.4 0. 7.3 0. 282.6 18.06 -0.434 til.C 0.0

2570.00 0.C15 546.3 563.1 488.6 83.3 IC09.4 0. 7.3 C. 202 6 10.87 -0.433 Ill.C C.C
2S80.00 0.015 54F.1 563.9 489.3 83.3 LCCF.4 C. 7.3 0. 282.6 18.87 -0.431 &lt.C 0.C
2S90.00 0.015 544.0 564.8 490.0 83.3 1005.6 0. 7. 2 C. 282.6 18.Se , -o.43C til.C 0.0
2600.00 0.015 54 0. 8 5 65. 7 4 +0. 8 79.1 1C04.0 0. 6.9 0. 282.F 48.88 =0.428 til.C C.C
2610.00 0.015 549.7 $66.4 491.S 79.8 ACC2 4 0. 6.9 0. 282.F !$.88 -0.427 111.C C.C
2620.00 0.015 550.5 567.4 492.2 79.1 4CCC.8 0. 6.9 0. 282.7 18.89 -0.425 ttt.C 0.C .
2630.00 0.C15 551 3 568.3 493.C F9.1 994.1 0. 6.8 0. 282.0 18.89 -0.424 til.C 0.C ,,

2640.00 0 015 552.2 569.2 493.7 79.1 997.4 0. 68 0. 282.8 18.90 -0.422 lit.C 0.C g,
2650.00 0.01S 553.0 570.0 494.4 79.1 995.6 c. 6.8 C. 282.0- 18.90 -0.420 til.C 0.0 q)
1660.00 C.CAS 553.5 570.5 494.F 0.0 997.2 0. 0.0 0. 282.9 48.9C -0.420 llt.C 0.0

4

2680.00 0.015 554.5 571.4 495.3 0.0 ICCO.9
' 0. 0.0 C. 282.9 18.91 -0.42C tal.C C.C2670.00 0.015 554.C 578.C 495.C 0.0 999.0*

O. 0.0 C. 282.9 L8.91 -0.424 til.C C.C
t
' 4690.00 0.015 555.0 571.9 495.6 0.0 1002.7 0. 0.0 C. 282.9 18.92 -0.421 til.C 0.C

2F00.00 0.015 559.4 S F2. 3 415. 8 0.0 4004.2 0. 0.0 0. 283.0 18.92 -0.428 Ill.C C.C'
' 2710.00 0.015 555.9 5F2.8 446.1 C.C 1CC5.9 0. 0.0 C. 203.0 18.92 -0.421 lit.C 0.C

2F20.00 0.015 556.5 $73.3 496.S 0.0 1CC8.1 0. 0.0 C. 283.C 48.93 -0.424 111.0 0.0
4710.C0 0.CIS 557.1 573.9 496.8- 0.0 1010.2 0. 0.0 c. 283.8 18.9) -0.421 It!.C 0.0

2740.00 0.015 55F.7 574.4 497.1 C.C ICl2.2 0. 0.0 -O. 283.1 18.94 -0.421 til.C 0.C
2750.00 0.015 S$8.2 374.9 497.4 0.0 3014.2 C. C.0 C. 203 1 18.94 -0.421 111.0 0.C
JF60.00 0.C15 558.0 575.4 49 7. 7 0.0 1016.3 0. 0.0- 0. 283.2 18.9% -0.421 111.C 0.0

2F70.00 0.015 559.3 575.9 499.C 0.0. IC18.5 1. 0.0 0. 283.2 18.95 -0.421 lit.C C.C .
4F80.00 0.01S 559.8 576.4 498.3 0.0 1021.0 1. 0.0 C. 283.2 18.95 -0.421 t i t .C 0.0

,

4790.00 0.015 560.4 SF6.8 498.5 0.0 1023.6 1. C.0 C. 283.3 18.96 -0.421 til.C 0.0

2800.00 0.015 564.0 577.4 498.8 0.0 1026.6 2. 0.0 0. 283.3 18.96 -0.428 til.C C.C
2880.00 0.014 561.4 517.8 499.C C.C 1029.7 2. C.0 C. 283.5 18.97 -0.421 Ell.C 0.C
482m.00 0.014 561.9 $78.2 419.4 0.C 1032.9 2. 0. 0 . C. 283.4 18.97 -0.424 111.0- 0.0
2830.00 0.C14 562.4 578.8 499.4 0.0 1036.4 3. 0.0 0. 203 4 18.97 -C.421 lit.C C.C*

2840.00 0.014 562.9 579.0 499.6 C.C IC40 0 3. 0.0 C. 283.4 10.98 -0.421 Ltl.C 0.C
2850.00 0.014 563.3 $79.4 499.7 0.0 1C43.7 3. C.0 C. 203.5 - 18.98 .-0.421 411.0 0.0

4860.C0 0.Cl4 563.8 579.7 499.9 0.0 1047.6 .3. 0.0 C. 283.5 18.99 -0.421 til.C 0.0

28FO.00 0.014 564 2 580.C 500.C - 0.0 1CSI.5 4 0.0 c 0. 283.5 18.99 -0.421 lit.C C.C
2880.00 0.014 564.6 580.4 500.1 0.0 ICSS.6 4 C.0 .C. 283.6 18.99 -0.421 til.C 0.0
2690 00 0.C14 565.C 580.F 500.4 0.0 1059.8 4. 0.0 -C. 283.8 19.CC -0.421 111.C 0.0
2900.00,0.C14 565.4 581. C 500.J 0.0 1064.0 4. 0.0 0. 283 6 19.C0 -0.421 111.C C.C
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fable 8.5 (continued)

7tME PREL LCCW2 LYAR LSHRC mRNJ P WTCST WSTC LCGRtt TGCh PFCaC LwSPAW 7dSP8v ufCC
2910.00 0.C14 565.8 bat.2 500.3 0.0 1068.3 4 0.0 C. 283.7 19.Cl -0.421 til.C 0.0
2120.00 0.014 See.2 ist.S 500.3 0.0 1072.7 4. 222.4 1. 283.7 19.01 -0.421 ill.C - C.C

i' 2930.00 - 0.C t 9 $66. 5 58 3.0 50 3. 7 C.C 1CC9.8 149 211.0 8. 283.8 L9.02 -0.3 70 t il .3 0.C
2140.00 0.016 566.8 Sd3.9 504.8 0.C 999.1 87. 209.4 1. 283.9 19.03 -0.320 111.6 0.0
2950.00 0.Cte 566.2 583.5 S05.0 0.0 989.6 116. 207.9 1. 283.9 19.C3 -0.270 III.9 ' C. C
2960.00 0.016 564.F 382.3 504.4 C.C 980.2 123. 206.4 1. 284.0 89.04 -0.228 112.2 C.C
2970.00 0.C16 562.8 5d0.6 S03.5 C.C 9 70.8 125. 2C 4. 8 4. 284.1 19.05 -0.472 412.9 0.C
2980.00 0.Cte 560.7 SF8.F S02.4 0.0 9tt.6 126. 203.& l. 284.2 19.C6 -C.123 112.8 0.0
2910.00 0. Cit 558.S $76.7 S01 3 0.0 932.4 126. 201.S 4. 784 2 19.06 -0.C75 113.1 C.C
5000.00 0.085 556.5 SF4.7 500.1 0.0 94s.5 126. 199 4 I. 264.3 19.07 -0.027 113.3 0.0
1010.00 0. C S S 554 1 5 72. 7 4 39.0 0.0 034.8 123. 49C.! 3. 284.4 19.C8 .0.C2C L13.6 0.0
5020.00 0.01S $52.0 5 F0.7 497.8 0.C 926.3 123. 196.2 1. 284.4 19.C9 0.067 !!3.9 0.0
1030.00 0.Cl> S49.9 568.8 496.7 0.0 917.9 121. 194.5 1. 284.5 19.tc 0.113 114.1 0.0
3340.00 0.015 547.8 S46.8 495.4 C. C 509.6 515. 192.5 1. 284.6 19.10 0.859 114.4 C.C
5050.00 0.015 S45.8 564.9 494.5 0.0 9C1.4 118. 19C.7 1. 284.6 19.11 0.205 114.7 0.0.
3060.00 0.C15 543.8 569.1 495.4 0.0 893.4 117. 0.0 0. 284.7 19.12 0.249 114.9 0.C
60 FO.00 0 013 542.5 561.5 4#L.6 0.0 908.9 22. 0.0 0. 284.7 19.12 0.249 114.9 C.C

'3080.00 0.013 541.4 160.2 490.2 0.0 914.3 21. C.0 C. 284.8 19.13 0.249 114.9 C.C
5090.00 0.013 S40.3 558.8 488.9 0.0 12s.4 19 0.0 C. 284.8 19.13 0.249 114.9 0.0
3400.00 0.C13 S39.4 557.5 487.8 0.0 916.T 16. 0.0 C. 284 8 19.34 0.249 114.9 C.C

'3110.00 0.014 538.8 S57.3 466.9 C.C 944.3 14 C.0 C. 284.9 19.14 0.249 IL4.9 C.C
3t20.00 0.014 538.5 556.6 486.3 0.C 951.5 13. 2. 0 C. 284.9 19.!S 0.249 444.9 0.C
st3C.C0 0.C14 138 3 5 56. 3 4 AS.8 0.0 95d.3 11. 0.0 0. 284.9 19 15 0.249 114.9 0.0
5140.00' O.014 $38.2 556.1.485.4 C.C 964.8 11. 0.0 0. 204.9 19.16 0.249 114.9 0.C
3450.00 0.014 558.1 555.9 485.0 0.0 971.1 10. 0.0 C. 285.C 19.16 0.249 114.9 0.0
3160.00 0.Ct4 S18 1 $55.8 484.7 0.0 977.2 9. 0.0 0. 285.C 19 37 C.249 114.9 0.C
3170.00 0.014 538.2 555.8 484.9 00 985.1 9 0.0 0. 285.0 19.!? 0.249 114.9 C.C
3180.00 0.014 558.3 SSS.8 4a4.3 0.C 9te.8 9 0.0 C. 285.1 19 17 0.249 114.9 C.C
3190.00 0.014 S38.4 SSS.8 4a4.1 0.0 994.4 8. 0.0 C. 285.4 19.18 0.249 114.9 0.C
3200.00 0.014 S30.5 555.8 483.9 0.0 999.9 8. 0.0 0. 285.1 19.38 0.249 134.9 C.C
3210.00 0.014 538.6 555.9 483.7 C.C ICCS.2 8. 0.0 0. 285.2 19.19 0.249 114.9 C.C p.
3220.00 0.C14 S3s.8 S$6 0 443.6 0.0 IC10.S 7 C.0 C. 285.2 19.19 0.249 184.9 0.C 35
3230.00 0.C14 539.C 556 1 485.5 0.0 101).7 7. 0.0 C. 285.2 19.2C 0.249 184.9 0.0 >=
5240.00 0.C14 Ss9.1 556.2 483.4 C.C 4C20.7 7. 0.0 0. 285.2 - 19.20 0.249 114.9 0.C
3250.00 0.014 559.3 S56.3 483.3 0.0 1025 8 7. 0.0 C. 285.3 19.21 0.249 114.9 0.0
3260.00 C.C14 539.S S56.4 483.2 0.0 1030.7 7. 0.0 0. 285.3 19.25 0.249 114.9 0.C
5270.00 0.C14 '39.7 556.5 483.1 0.0 103S.6 7. 0.0 c. 28S.3 19.24 0.249 114.9 C.C
3280.00 0.014 539.9 S$6 7 485.0 0.C IC40.4 6. C.0 c. 285.4 19.22 0.249 114.9 C.C
32*0.00 0.014 540.2 556.8 482.9 0.0 1045 1 6. C.0 C. 285.4 19.22 0.249 !!4.9 0.0
ja 0.00 0.C14 540.4 556.9 482.9 0.0 1044.8 6. 0.0 0. 28).4 19.23 0.249 114.9 C.C
3haO.00 0.014 S40.6 557.8 482.8 C.C ICS4.5 6. 0.0 c. 28).5 - 19.23 0.249 114.9 C.C
3520.00 0.014 540.9 557.3 482.8 0.C ACS9 1 6. 220.7 8. 285.5 19.24 0.249 !!4.9 0.0
3350.CO. 0.C18 54C.9 558.2 48%.6 0.0 999.9 145 209.8 8. 265.4 19.24 0.299 115.2 0.0
5340.00 0.016 541.2 S$8.9 486.9 C.C 981.7 si. 206.6 1. 285.F 19.25 0.349 135.S 0.C
5550.00 0.083 540.7 S$8.6 487.t C.C 971.4 412. 204.8 1. 285.7 ' 19.26 0.598 !!S.8 0.0
116C.C0 0.C49 139.S 557.6 486.7 0.0 962 0 119 20 3.2 1. 285.8 19.27 C.446 116.1 0.0
1370.00 0.015 537.8 556 1 486.0 0.0 952. 7 122. 201.5 1. 28S.9 19.28 0.494 386.4 C.C
3380.00 0.045 545.9 554.4 485.1 L6.7 943 2 127. 208.1 1. 286.0 19.29 0.542 116.6 C.C
5590.00 0 015 534.1 352.6 484.2 16.7 933.4 127. 199.2 1. 206.C 19.29 0.589 116.9 0.0
3400.00 0.015 132. 3 SSI. I 4d3.4 16.7 923.0 127. 197.0 1. 286.1 19.30 0.434 117.2 C.C
3410.00 0.085 S30.5 549.4 482.5 16.7 914 2 127. 194.9 1. 286.2 19.31 0.682 147.5 0.f
3420.00 0.015 S2s.7 $47.7 481.6 16.7 9C4.8 126. 192.8 1. 286.2 19.32 0.728 117.7 0.0
1430.C0 ' O.C AS 52 7.0 546 1 430.7 16.7 89S.6 125 190.7 8. 286.3 19.33 0.774 118.C 0.0
6440.00 0.015 525.2 544.9 479.9 2C.8 486 5 125. 109.0 1. 286.4 19.33 0.019 110.2 0.C
3450.00 0.015 $23.6 $42.9 479.0 20.8 877.3 124 887.0 3. 286.4 19.34 0.863 118.S 0.0
1460.00 C.C19 521.9 541.3 4F8 2 20.8 86d.4 125. 1.6 0. 286.5 19.35 0.900 118.8 0.C
14 70.00 ' O.C 4 3 S20.8 5 59. 9 4 76. 7 20.8 883 0 22. 16 0. 286.5 19.36 0.9C8 418.8 C.C
3480.00 0.013 520.1 S39.1 4FS.7 20.8 893.2 21. l.6 0. 286.5 19.36 0.908 118.8 0.0

_ __
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Table 8.5 (continued)

7tME PREL tbCv2 L3AR L5HRC etNJ ? uTC51 uSTC LOCREL TGCm P IC bG LhhPaw Th5 PAW hECC
34WO.00 '0.C13 519.4 5)8.3 474.6 20.8 902.6 20. l.7 0. 286.6 19.37 0.9C9 118.8 C.C
3500.00 0.013 518.9 557.8 473.9 a3.3 914 0 21. 6.7 C. 286.6 19.37 0.909 138 8 0.C

_
3540.00 0.013 518.8 557.4 479.4 83.3 948.5 20. 6. 7 C. 286.6 19 30 0.911 118.8 0.0
3520.00 0.013 e le.1 5 3 7. 3 4 7 3.C 83.3 923.7 - 19. 6.8 0. 206.7 19.38 0.912 118.8 C.C
3530.00 0.013 518.7 537.2 472.1 83 3 932 5 18. 6. 8 ' O. 286.7 19.39 6.914 118.8 C.C-
3540.00 0.013 518.7 537.2 472.4 89.3 938.9 17 6.8 0. 286.7 19.39 0.915 118.0 0.C
3550.00 C.Cil 518.9 537.2 472.2 83.3 945.0 16 6.9 0 286.7 19 4C 0.917 118.8 0.0 '

3560.00 0.C13 519.0 537.1 472.C 83.3 95C.9 16. 6.9 0. 286.8 19.40 0.914 118.0 0.C
3570.00 0.013 319.2 537.4 471.9 a l. 3 956.5 15. 4.9 0. 286.8 19.40 0.920 118.8 0.0
3580.00 0.C15 519.4 537.5 471.8 m3.3 961.8 15. 7.0 0. 286.8 19.44 C.921 118.8 0.C
3590.00 0.013 589.t 537.7 471.7 83.3 964.9 14 70 0. 286.9 89.41 0.923 188 8 C.C

-- -= CE8UC PRINTDUT itME* 34Cf,00

CNURW1
81= 1.00000C00 . Cave 0. 3 4 345 784 7E-01.C AbE * . 0 62691569 3E -O t.C AVO= 0.108703494 e CM DC = 29423.3320 .C MHCC = 9448C41.CC ,

C MHLP= -59 349 68.C0 e CML P= -6897 11328 ,LM51* -2964.98242 .CMICie 17453.9414 .CUMIC* -3084276.00 ,CEL&l=

20.9279785 .DMF= 0.759277344E-OleLMSI= 6.80J79064 eDPO= 0.4704647C6 .CLM10= 8149.98848 .095T=-0.638020813 .ECI*
0.0CCCCC00CE*CO.FRECIR= 0.984998286 .kF= 538.069336 ,HFC= 537.879395 e>G= 1892 88281 ,MINJ!he 57.9999495 .HLPs
517.141357 eHREC= 527.4519C4 ,HRECLAs 533.708496 pH5t= 1204 21460 ,&WECC= 0.CCCC00000E+00,nLO55W= C.546828823E-C7e

Lbs 5.54489326 ,LSO= 5.586t6629 ,L BC= 9.5265C166 eLOC= 25.3238831 etCCW2= 519.886475 . LINT = 27.5390472 ,

LuGREL = C.CC CCCCCC Ct +C C.LOSSI N* C.514 5549 7 7E -01 e LS C= 6.50552845 eL5CC= 6.46519089 .LSCN= 6.51541996 .L5C0=
2.47349534 eMB. 34301.2187 eMCPihis' 4 7 700.C078 ,PCPRv= 150000.000 ePCCo 247382.250 eMCCC= 217984.75C ' e

MHDC= 126935232. .P>0C0= 1174921=0. ePHLP. 5240CCCC.0 eMHLPO* 58333dC8.0 .PLP= 101326.250 ,PLPCs

108226.0C0 ePPCC= 109497.437 .MSC= 41681.5469 .MST= 19866.8555 .M5TC= 22835.2422 ,PTC51=- 176764.937 .MTOT=
151995.562 ,MTOTC= 134570.750 eCPV0a 0.160855830 .P. 971.834229 .PREL= 0.112393C92f-01,PRELC= C 39999999tf-Ct.

PfbPGs 17.6682281 ,RH08* 45 1539682 eRHC8R= 2s.2675781 eRHCCC= 47.8715057 .RhCF= 46.5447998 ,RMOG.
2.17409229 .RMCLPe 47.6679687 ,RHURECa 47.1428680 .Rivoo 0.331022859 ,1 A LR E C = 2133.43970 ,7CCh* 286.893311 e

TI91= $40.7C4102 .TMIK= 61.4174957 elRv= 519.153809 elev0 538.885742 el.AI* 541.151411 .LACRbe 2 52618215 ,

UCiaWo 4.48990726 ,UMICs 22231312.0 ,WDC= 5167.62891 eWCLPwe 2125.66724 ,W51= 9412.37109 ev510a 9413.96444 e

VST0= 9897.14062 eV5W5t= 0.473772526 em80= 26.5728149 eb800= 153.753816 ebCl= 1226.01709 .hCIC= 1268.35596 e
uCChC= 0.39577tC04 E-01,mCRD* 0.CC000C000E *CCeWECC* C.CCCCCCCCCE+C0.hE RPC=WCIG= 1235.7C337 ,mCIO= 3548.44019 e ,,

0.000000000t *C0.dFLDC* 0.CCC000C0CE+00.hF L1Pa C.CCCC00CCCE*00.h!NJ= 83.3000031 eu thJa is 0.CCCC0000CE+CC hPLC= 12.696578C , am
WRE C B Ra 1195.95630 .W55W= 0.000000C00EeCoewSTC= 7.03384879 sh5ff s 7.03386879 .hTOST= 13.8762369 30s ha

0.432w13564E-C1
CE%D
CP00Lt
CMMw= 210397164 ,CMI4Wo 625.0C0000 ,CMus 17v650.187 ,ERHR* C.432576358 .M5Is 0.124316590E-03.th5FAV=

u.924108365 .MOASE= 7865027.00 . Pus 807367t.00 erv8P= t.63854980 ,CPC= -133.813919 eCPChET= C.CCCCLCCCCE+CC.
'

QRHR* O.000000000E *Coe tPOCCD= 118.834778 ,12ENG= 118.834778 ,1W5 PAW = 118.834778 eUAR=
411.430176 . 5473.82422 ,

evGSP=
136623.500 edGSPO= 140504.500 ,WW* 13C976.500 evute 127095.5CC ebC5PGs 0.110670567 ehPCCCC*

xmJ= 0.0CCCCCCCCE+C0
CiND
CPRAft
WPAI4= 44. C 504 7t 1 .CPGAIR= -5.85168171 eCPwalR* 49.90216Ce ,0RPGC= 12.53812C3 ,CRPhC= 133.813416 ,TCthis

91.7521210 eTCON2= 9C.4180756 .TCCh3e 90.0000000 ,TCCN4= 90.0000000 e TCON 5= 90.0C000C0 eiPARR= 98.5324C97
ChND
CC0471
BCSPDws 0.00CCCCCCCE + CC,BD hC * s.2 8CC00150 .SthLa 0.49 60 79 7 7 3 E -0 2. S DW 5 P= 2.60317516 .80mSPu= 2.59399414 .80hwL=
0.000000000E+00.85PDwe e .0000CCCCt+00.85P0mE* C.CCCCC0C00E+00,85PLa 0.1366235086-02eC&CWC= 0.477011874E-02eCMIhC= 47.8C25e65 .

CGOINI* 0.0CC000C00E*P'. COCTRP= 0.00000C00CteCC.CUMOWGa 313473 625 eCOMSPG= 176189.375 .CmCmC= 443.399994 .CLPChC=
46.77954tC .D*:aPG= 30.7166595 .EF F0* 0.645711482 ,FFRACi= 0.357393086 .NOMCW= 5.9C600586 .MLPSP=

, 72 6599738 .MNDuGo 8995.45312 ,PN0 HEC * 10325 5352 ,PNSPGs 16511 2617 .Ph5PC0= 9208.23828 eP50hC=
1 1856.25342 eMSLWG0= 289.616943 ,MS$PG= 364 054199 ,M55PG0= 499.537354 ePALWG= 16 1798401 ,PhCmCC*
3 15.043757. .Ph5PG=. 16.7654419 eph5FGC* 13.8047588 .P5CuG= 3.2394822C eP50kG0* C.656242132 ,F15PG*

,
0.903036612 .P55PLC= 0.698241055 ,PTCmG= 19.4195099 9T5PG= 17.6684723 ,CCM* 586.945557 - .00MCRv= 586.945557 ,

' dvMWET* 0.00C000C00E+00 0LCwG= 586.9,5557 ,WLbPG= 131.939133 ,CCPML* 1.81544514 eCPPCRve 32.3162231 ,CPMhE1=

99.6229095 ,GRYHL* 587.R38135 eC55PG* !!.8416796 eCVD9Go C.CCCCCCCCCEeCC.CtSPG= 0.CCCC00000E+00,5PChoe 3.2812tC90 ,

fuEwuw= 135.2w0465 .TCEW5Pe 97.9764511 .TCPET= 166.834549 eiCWCE= 286.8955CS elFLO= 135.290665 .TG0ha
286.895308 eTGSP= 109.119629 ,TPPEis 94.4635468 .LAfhC= 57.0243683 .uPCwGo 1474937.00 .UNCWGC= llel487.CC e

UM5PGs 1125274.C0 .UMSPG0= 949035.187 ,VG5PCs $36624.C62 ebC0hC= C.CCCCCCCCCE*CO,hCChGo 0.0CC000000E*00.hC5PC=

0.ttC6920a4 ,whDmC= 0.198755004t-01.h5thCas 0.255856095E-02.us0MC5= 0.255808C95E-02,us0hR= C.243027270 .hTE5Ph=
0 145262539 eWVLDwG= 0.0C00CCCCCE*CO,WwC5PG= C CCC00C0CCE+C0 hhCCwG* 0 00000C000E+00 wwC5PG= 0.110692C84
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Table 8.5 (coattaued)

660 0. C 0 0.C13 S19.9 537.9 471.F m3.3 971.8 14 7.0 C. 286.9 19.42 0.924 514.8 0.0

3610.00 0.C l 3 5 2C. 2 5 38.1 4 71. 7 83.3 976.5 13. F.1 0. 286.9 19.42 0.924 188.8 C.C
3620.00 0.013 S20.5 538.4 471 7 83.3 981.C 13. 7.1 C. 287.0 19.43 0.927 118.8 C.C
3630.00 0.01) 520.8 538.6 4Ft.8 e s.3 985.3 13. 7.1 C. 287.C . 19.43 0.929 188.9 0.0

3640.C0 0.013 521.1 538.9 471.8 bl.3 989.4 12. 7.1 C. 287.C 19.44 0.93C 118.9 C.C
*

3650.00 0.013 521 4 *39.2 4T1 9 83.3 993.4 12. 7.2' O. 287.1 19.44 0.932 118.9 0.C

1660.00 0.013 521.8 $39.5 472.0 83.3 997.1 ' 12. 7. 2 C. 287.1 19.45 0.933 118.9 0.0

te7C.CO C.Cl3 S22.1 539.8 472.1 e3.3 1CCO.7- 11. 7.2 0. 287.1 19.45 0.935 118.9 0.0

3680.00 0.Cl 3 $22.5 54C.2 472.2 83.3 LCC4 1 11. 7.2 0. 287.2 19.46 0.977 118.9 C.C ' .

1690.00 0.043 S22.9 S40.5 472.4 83.3 1CCF.3 11. ' 7. 3 C. 287.2 19.46 . 0.938 418.9 0.0

3700.00 C.C13 523.3 540.9 472.5 83.3 4010.3 10. 7.3 C. 287.2 49.47 C.940 118.9 0.0

1710.00 . 0.013 52 3. 7 $41. 2 4 72. 7 - 83 3 1013.2 10. 7.3 0. 287.3 19.47 0.948 118.9 C.C
3F20.00 0.013 524.1 544 6 4 F2.9 83.3 1015.9 10. 7. 3 0. 28F.3 19.48 0.943 118.9 C.C
BF30.00 0.01) 524.5 542.C 473.1 83.3 1018.4 9. 7. 3 C. 287.3 19.48 0.944 118.9 0.0

374C.Co 0.013 S25.0 542.4 473.3 . 83.3 1020.8 9 7.3 C. 287.4 19.49 0.944 !!8.9 C.C
3F50.00 0.013 525.4 S42.8 473.5 83.3 1C23.C 9. F.3 0. 287.4 19.49 0.948 !!8.9 C.C
3F60.00 0 083 $25.8 543.2 473.8 83.3 IC25.1 8. 7.4 C. 287.4 19.90 0.949 438.9 0.0

3FF0.C0 C.Cl3 526.3 943.6 474.C 83.3 1027.0 8 7.4 0. 28 7. $ 19.50 C.951 tit.C 0.C
3F80.00 0.Cl3 526.4 S44.1 474.3 83.3 IC26.7 8. 221.8 1. 28F.5 19.51 0.992 IL9.C C.C
sF90.00 0.018 526.3 544.5 474.9 83.3 965.7 135. 2C9.7 1. 287.6 19.51 1.004 119.3 0.0

3800.00 0. Cts $26.2 445.0 479.1 83.3 919.7 132. 2CC.8 1. 287.8 . 19.$2 8.CS2 119.5 0.0

3810.00 0.048 S26.4 545.7 481.1 83.3 882.9 123. 193.0 1. 287.7 19.53 t.C99 819.8 C.C
3820.00 0.017 526.7 $46.6 483.1 83.1 849.5 123. 185.5 4. 287.8 19.54 1.144 12C.t 0.C
3850.00 0.017 527 5 547.7 485.2 83.9 820.6 125. 179.0 8. 287.9 19.SS 1.187 820.3 0.0

3a40.00 0.016 528.9 S49.2 487.2 83.3 800.6 96. 174.S 1. -287.9 19.55 1.229 12C.S C.C
38SO.00 0.0!S S2e.6 S49.3 487.6 83.3 792.7 109 172.7 1. 28e.0 19.56 1.270 120.8 C.C
3860.00 0.015 Slu.2 S49.1 487.8 83.3 784.2 !!9. S.9 C. 288.C 49.57 1.310 121.0 0.C

3s70.00 0.C13 $27.7 S48.4 486.8 e l. 3 79F.0 21. 6.0 0. 288.1 19.58 1.312 121.C 0.0

3880.00 0.012 527.4 548.0 486.1 e 3. 3 8CS.* 21. 6.0 C. 288.1 19.58 1.313 121.C 0.C

3890.00 0.043 526.9 547.3 485.3 83.3 832.9 20. 6.1 C. 288 1 19.58 1.314 124.C 0.0

3900.00 0.C13 526.4 S46.7 4#4.6 m3.3 819.6 18. 6.1 C. 288.2 19.19 1.316 121.C C.0
3f10.00 0.Cl3 S26.1 S46.! 464.1 83.3 823.7 .17. 6.1 0. 288.2 19.59 1.317 128.C C.C
1920.00 0.013 526.0 546.2.4d3.7 u t. ) 431.3 15. 6.2 0. ~ 288.2 19.60 1.318 121.1 C.C

~ p.
3>

3930.00 0.013 526.C 546.1 4u3.5 83.3 8 36 .5 14. 6.2 C. 288.3 19.60 1.320 121.1 0.0 LJ

3940.00 0.013 526.B S46.2 483.3 83.3 841.4 13. 6.2 0. 288.3 19.68 8.321 121.1 C.C
3950.00 0.013 S26.3 S46.3 483.2 83.3 845 9 13. 6.3 C. 28#.3 19.61 1.322 121.1 C.C
3960.00 0.013 526.S $46.4 463.2 83.3 eSJ.2 12, 6.3 C. '248.3 49.62 8.324 124 1 0.0

39 FO.00 0.C 13 526.8 $46. 7 483.2 83.3 854.3 12. 6.3 0. 288.4 19.e2 L.325 121.3 0.C
3980.00 0.C13 52F.1 S46.9 483.2 83.3 858.1 11. 6.3 0. 288.4 19 65 8.326 121.1 0.C
3990.00 0.013 527.4 547.2 483.3 83.3 861.7 Lt. 6.4 C. 288.4 19.63 1.328 128.1 0.0

4000.00 C.Cl3 527.7 347.4 483.4 b l. 3 865.1 10. 6.4. O. 288.5 19.44 L.329 128.8 C.C
4010.00 0.013 528.1 547.8 483.5 53.3 868.3 10. 6.4 0. 288.5 19.64 1.33C 121.1 C.C
4020.00 0.013 $28.5 $4 8.1 46 3.6 e3.3 871.3 10. C.4 c. 288.5 19.64 1.332 121.1 0.C'

40 30.00 - 0.013 SJ s.8 548.5 48 3.8 63.3 CF4.1 9 6.4 C. 284.* 19.65 1.333 121.1 0.C
4040.00 0.013 S29.2 S48.9 483.9 m3.3 876.7- 9 4.9 0. 288.6 19.65 1.335 128 1 C.C
4050.00 0.083 529.7 S49.2 494 8 33.3 879.2 9 6.5 0. 288.6 19.66 1.336 128.1 C.C

'4060.00 0.C l 3 5 30.1 $49.6 484.4 83.3 884 5 8. 6.5 C. 288.6 19.66 1.338 121.4 0.0

i
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Table 5.5 (continued)

PREL LDCv2 Lvan LSH40 Wi4J - P WTo$7 h$TC LCCREL PCCW PFCWG LWSP6V Ph$P6W bfCCflmE
. 0.084 5%7. .2 509.4 0.0 831.4 82. 175.0 8. 290.7 19.93 1.597 122 6 0.04650.00 .

4660.C0 0.C14 5S4 7.7 508.3 0.0 824.9 69. 173.8 1, 210.8 19.94 1.638 122 8 0.0

4670.00 0.014 954 86.1 507.3 0.0 418.4 66. 172.4 5. 290.8 19.95 , 1 479 123.0 C.C '

4640.00 0.014 552.6 SF4.4 506.4 C.0 elt.S 66. 170.9 1. 290.9 19.94 1.720 123.3 0.C

4690.00 0.014 550.8 SF2.8 505.4 0.0 804.7 67. 169.4 t. 294.C 19.96 1.760 123 5 0.0

4700.00 0.014 $49.1 571 1 504.4 0.0 793.0 6'. 168.0 1. 294.C 19.97- 8.8CC 123.7 C.C
4710.00 0.014 547.3 $69.4 503.4 C. C 791.4 67. 166.5 L. 298.L 19.98 1.840 124.C C.C
4720.00 0.Cl4 545.7 se7.8 502.9 0.C 784.9 66. 165.1 4. 291.2 19.99 1.879 124.J 0.0

4730.CO' O.C14 544.C 566.2 501.5 J.0 778.5 66. 163.7 8. 293.2 19.99 1.918 124.4 0.0

4740.00 0.C14 942.4 564.e 500.6 0.0 772.2 67. 162.5 1. 291.3 ' 20.C0 - 1 951 124.4 . C. C .

4750.00 0.C14 540.8 5el.1 441.7 C.C 740.C 66. 161.0 1. 291.3 20.0L l.995 124.8 C.C i

4760.00 0.014 559.3 564.6 496.8 0.0 759.9 66. 159.7 8. 291.4 20.02 2.053 125.1 0.0

4FFC.C0 0.014 137.7 560.C 498.C 0.0 7Ss.9 66 158.4 8. 291.4 20.C2 2.C71 125.3 C.C
4780.00 0.014 S36.2 554.S 497.1 C.C 74e.C 66. ISF.1 L. 29L.S 20.03 2.108 125.5 C.C
4790.00 - 0.014 554.7 $57.0 496.2 0.0 742.1 66. 155.0 1. 291.5 20.04 . 2.145 125.7 - 0.0

4800.C0 0.C14 533.2 5$5.6 495.4 0.0 736.4 66 154 e I. 29L.4 2C.C5 2.182 125.9 0.C
4810.00- 0.C14 $51.8 $54.2 494.6 16.7 73C.3 68. 154.4 1. 294.6 20.05 2.219 126.8 0.C

4820.00 0.044 550.5 552.9 493.9 16.7 124.1 69. 153.0 8. 294.7 20.04 2.255 124.3 0.0

6830.C0 .0.C44 529.1 551.6 491.2 16.7 784.0 69. 151.7 1. 291.1. - 20.C7 2.292 126.5 0.C
4640.00 0.014 527.8 $50.3 432.4 16.7 712.0 68. 150.4 1. 291.8 20.07 2.327 124.7 C.C
4850.00 0.014 526.5 549.0 491.7 16.7 7C4.1 68. 149.1 1. 291.8 20.08 2.363 126.9 0.C
4460.00 0.014 52s.2 547.7 491.0 16.7 700.3 67. 1.5 ' C. 291.9. 2G.09 2.398 127.1 0.C
4870.00 C.012 524.1 546.4 489.5 20.8 711.0 ti. 14 0. 298.9 20.!C 2.398 127.1 C.C
4880.00 0.012 523.4 545.5 498.S 2 C. 8 719.1 17. 14 0. '291.9 20.10 2.399 127.5 - C.C
4890.00 0.Cl2 522.6 544.5 4a7.5 20.8 126.6 16. 1.4 C. 294.9 20.11 2.399 127.1 0.0

4900.00 0.C12 521.9 543.F 486.6 20.8 735.5 B4. 14 0. 292.C - 20.13 2.399 127.1 0.C

4910.00 0.Cl2 521.5 $43.2 485.9 2C.8 #40.C 13. l.4 c. 292.0 20.12 ' 2.399 127.2 C.C
' 4920.00 0.082 521.2 542.8 485.3 20.8 746.3 12. 1.s 0. 292.0 20.82 2.400 127.2 0.C
4930.00 C.C12 524.1 542.6 494.9 25.0 FS2.3 12. 1.7 C. 292.C 20.13 2.4CC 127.2 C.C
4940.00' O.012 521.1 542.5 484.6 25.0 758.1 11. 1.7 0. 292.0 20.13 2.4CC 127.2 C.C
4950.00 0.012 528.0 542.4 484.3 25.C 768. 7 11. 1.7 0 292.1 20.44 - 2.400 127.2 C.C ,,

4760.00 0.012 524.1 $42.1 484.0 25.0 769.2 it. 1.7 C. 292.4 20.14 2.401 127.2 0.0 35 . '
49 FO.C0 0.C l2 ' 521.1 542. 3 48 3. 0 25.C 774.6 10. 17 C. 292.L. 20.15 2.401 127.2 *.C 'gn
4980.00 0.012 528.2 542.3 483.4 25.C 779.9 10. 1.8 0. 292.1 20.15 2.401 127.2 C.C
4990.00 0.042 521.3 542.4 483.4 29.2 785.C 10. 2.1 C. 292.1 20.15 2.402 127.2 0.C
2000.00 0.C12 521.4 342.4 485.2 29.2 790.0 10. 2.1 0. 292.2 20.16 2.402 127.2 0.0

a 5010.00 0.012 521.5 542.5 483.1 29.2 194.9 10. 2.1 0 292.2 20.B6 2.403 121.2 C.C
S020.00 0.012 521.7 542.6 482.9 - 29.2 199.8 9 2.1 C. 292.2 20.!? 2.403 127.2 0.C
$0 30. 00 0.Cl2 521.8 S42. 7 482.4 29.2 804.5 9 2.1. C. 292.2 2C.!? 2.403 127.2 0.0

5040.00 0.C 12 522.0 S42. 8 482. 7 29.2 809.2 9. 2.1 0. 292.3 20.18 2.4C4 127.2 C.C
5350.00 0.012 522.2 t42.9 442.4 33.3 813.7 9. 2.4 0. 292.3 20 18 2.404 127.2 0.C
S060.00 0.012 522.4 S43 1 482.5 33.3 818.1 9 471.5 4. 292.3 20.19 2.405 127.2' O.0

' 50 FO.C0 0.016 522.2 543.5 484.S 33.3 778.0 LL9 164.1 1. 292.1 20.19 2.445 121 4 C.C
'

S080.00 0.016 522.3 543.9 486.C 33.3 .749.4 117. 158.8 1. 292.4 20.20 2.483 L27.4 C.C
. 5090.00 0.016 522.8 $44.7 487.7 33.5 72).1 117. 154.3 L. 212.4 20.21. 2.520 127.8 0.0

5100.00 C.C14 522.9 545.t 488.5 33.3 714.0 7S. 154.9 8. 292.1 20.22 2.556 428.C 0.0

5110.00'O.C13 522.7 545.C 486.7 37.5 7CF.9 89. ISO.9 1. 292.5- 20.22 2.592 128 2 C.C
'- >120.00 0.083 522.2 544.5 484.7 37.9 JC2.6 64 149.7 1. 292.6 20.23 2.628 128.4 0.0

5130.00 C.CIS 521.4 S43.8 468.4 37.5 696.3 67. 148.3 1. 292.6 2C.24 2.463 128.6 0.C
5140.00 0.013 12C.S 542. 9 4 88.C 37.5 690.0 68. 447.0 1. 292.6 20.24 2.698 124.4 0.C

,!- $150.00 0.015 549.6 542.C 487.4
. 37.5 677.4 69. 144.2 1. 292.7 20.26 - 2.768 129.2 0.C
37.5 643.7 69. 145.6 L. 292.7 ' 20.25 2.733 329.C C.C

5860.00 0.04s 518.6 348.0 487.1
5170.C0 0.C13 917.6 540.C 486.7. 41.6 671.1 70. 143 1 1. 292.8 20.26 2.e02 129 4 C.C
5180.00 0 013 Ste.6 539.5 486.2 44.4 644.9 F0. 141 8 1. 292.0 20.27 2.835 129 6 0.C -
: 3190.90 0.C13 515.6 538.1 485.8 48.e 458.7 70. 140.4- 1. 292.8 20.28 2.869 129.8 0.0
5200.00 0.Cl3 514.7 557.1 485.3 41.6 .642.F 70. 2.5 O. 292.9 20.28 2.9C2 13C.C 0.C
5210.00 0.011 $13.7 535.9 443.9 41. e 462.8 17. 2.6 0. 292.9 20.29 2.902 43C.C 0.C 5

S220.00 0.011 513.2 535.3 483.2 44.6 470.5 t i. 2.6 C. 292.9 20.30 2.903 130.0 0.0

>

f

6

. . .-- e -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . . _ . _, __ . . . _ _ _ _ . . _ ._

Ttble 8.3 (coattaue8s

7846 PMEL LOCWl LVAR LSHdo WI1J P htC$1 hSTC LCCREL TCCW PFCwG twSPaw Th5 Paw WECC
%200.00 0.011 512. ' S $4.7 4e2.4 83.3 477.4 te. S.2 C. 293.C 20.50 2.904 130.0 0.0
2440.00 C. sal S12.3 $34.5 481.8 83.3 683.7 16. 53 0. 293.C 20.31 2.9CS 13C.C 0.0
$250.00 0.012 942.2 534.C 481 3 83.3 689.F 15. S.3 0. 293.0 20.32 2.9Ce 13C.C C.C
S260.00 0.012 512.1 593.9 481.0 83.3 493.4 15. S.3 C. 293.0 20.32 2.907 15C.C 0.0
$270.00 C.C12 512.2 533.9 450.8 el.) 700.8 14 S.4 C. 295.C 20.33 2.908 ISC.C 0.0
3280.00 0.C 12 512. 3 $ 34.C eno.6 # 3. 3 700.1 13. S.4 0. 293 1 20.33 2.909 13C.C C.C
5290.00 0.012 512.5 534.t 480.5 83.3 711 2 53. S.4 C. 293.1 20.34 2.911 130.C C.C
$500.00 0.082 512.7 Ss4.3 480.4 e3.3 716 1 - 13. 5.S C. 293.1 20.34 2.912 150.C 0.0
531C.00 C.C12 912.9 S $4. 5 481 3 83.3 720.6 12. S.5 0. 253.1 20.34 2.913 13C.C C.C
3320.00 0.012 513.2 S54.7 480.3 83.3 725.4 12. 5.S 0. 295.8 20.35 2.914 130.C 0.C
$3s3.00 0.012 513.4 S 34 . 9 4eo.2 83.3 129.9 12. 5.6 C. 293.1 20.35 2.915 !)C.0 0.0
S34C.00 0.Cl2 513.7 595.1 480.2 83.3 734.2 12. S.6 0. 293.2 20.36 2.916 13C.C 0.C
3350.00 0.012 Ste.C 555.4 480.3 83.3 738.4 11. S.6 0. 293.2 20.36 2.918 13C.C C.C
S360.00 0.012 514.s $35.7 440.3 83.3 742.5 St. 5.6 C. 293.2 20.37 2.919 130.1 0.C
S170.C0 0.C12 544.6 536.0 480.3 83.3 746.4 11. S.7 C. 293.2 20.37 2.92C 13C.1 0.0
5380.00 'O.012 S14.9 S$6.3 480.4 83.3 750.3 11. S.7 0. 293.2 20.38 2.921 13C.A C.C
$390.00 C.012 515.3 556.6 480.5 83.3 75=.0 11. S.7 C. 293.2 20 18 2.922 13C.1 C.C
S400.00 0.012 SLS.6 $36.9 480.6 0.0 757.6 10. 156.5 1. 293.3 20.39 2.924 130.1 0.0
3410.C0 C.C12 545.6 S36.8 480.4 0.0 760.5 7. 0.0 C. 293.3 2C.39 2.924 13C.1 C.C
S420.00 0.012 515.F 356.9 4s0.3 C.C 765.1 F. 0.0 0. 293.3 20.40 2.925 13C.t C.C
5430.00 0.Cl2 515.8 S57.0 450.1 0.0 769.7 7. C.0 C. 293 3 20.40 2.925 150.1 0.C
$440.00 0.C12 Ste.C $37.1 480.C 0.0 774.3 7. 0.0 0 293.3 20.41 2.925 13C.I 0.C
$450.00 0 012 Ste.1 537.2 478.9 C.C 77s.8 7. 0.0 0 293.3 20.45 2.925 13C.t C.C
S460.00 0.012 516.2 537.2 479.8 C.C 783.3 7. C.0 C. 293.4 20.41 2.925 130.1 0.0
3470.00 0.C12 516.4 5 3 7. 3 4 F9.6 0.0 78F.9 7 C.0 C. 293 4 20.42 2.925 13C.I 0.C
S480.00 0.C12 $14.5 937.4 479.4 0.0 792.4 7. 0.0 C. 293 4 20.42 2.925 13C.1 C.C
4490.00 0.012 516.6 537.5 471.4 C.C 196.9 7. C.0 J. 293.4 20.43 2.925 13C.I C.C
3500.00 0.012 516.7 S37.6 4F1.3 0.0 801.4 7 C.0 C. 293.4 20.43 2.925 130.1 0.C
$510.C0 C.Cl2 516.9 537.7 479.2 0.0 805.6 7 0.0 0. 293.S 2C.44 2.925 13C.1 C.C
3520.00 0.012 517.0 537.8 4F9.C C.C 410 3 7. 0.0 0. 293.5 20 44 2.925 13C.t 0.C
SS10 00 0.012 Sti.1 337.4 4F8.9 0.C 884.7 7. C#0 C. 295.S 20.45 2.925 130.8 0.C
S$40.C0 C.Cl2 S47.3 517.9 4F8.8 0.0 819.2 7 0.0 0 253.! 2C.45 2.925 13C.! 0.0 **

#"SSSO.00 0.ClJ SL7.4 S38.C 478.7 C.C 523.6 7 0.0 0 293.5 20.46 2.925 13C.1 C.C 0S$60.00 0.012 547.5 358.1 478.6 0.0 826 0 7. C.0 C. 293.6 20.46 2.925 150.1 0.0
SS 70. C0 0.Cl2 517.7 S38.2 478.5 0.0 834.4 7 C.0 C. 293.4 20.46 2.925 13C.I 0.C
5580.00 0.C12 S17.8 538.3 478.4 0.0 836.8 7. 0.0 0. 293.6 20.47 2.925 13C.t C.C
5590.00 U.012 588.0 554.4 478.3 C.C '441.2 7. C.0 C. 299.6 20.47 2.925 130.1 C.C
4600.00 0.Cl2 518.1 538.9 478.2 0.0 845.5 7. C.0 C. 293.7 20.40 2.925 150.1 0.C
5610.C'a 0.C12 Ste.2 538.4 478.1 0.0 849.9 7 0.0 0. 293.1 20.48 2.925 13C.I C.C
5620.Gu 0.012 516.4 538.F 4F8.C C.C eS4.2 7. 0.0 0. 293.7 20.49 2.925 130.8 0.C
$650.00 0 0L2 Sta.S S$8.8 4F7.9 0.0 458.6 7. C.C C. 293.7 20.49 2.924 130.1 0.0
5640.C0 0.Cl2 518.7 S s8. 9 4 7 7. 8 0.0 862 .9 7. 0.0 0 293.7 2C.5C 2.924 13C.t 0.C
5650.00 1.012 918.9 539.C 47F.7 C.C e6 7.2 7. 0.0 C. 293.8 20.50. 2.924 L3C.! C.C
4660.00 0.012 548.9 539.1 477.6 0.C 9F4.4 6. C.0 C. 293.8 20.50 2.924 130.4 0.0
$670.00 C.C12 519.1 539.2 477.5 0.0 875.F 6. C.0 C. 293.8 2C.51 2.924 130.1 0.0
5680.00 0.012 S49.2 539.3 477.4 0.0 8F9.9 6. 0.0 c. 293.8 20.51 2.924 13C.t C.C
$690.00 0.012 519.4 S39.4 4 F F.3 C.C 884.2 6 C.0 . O. 293.9 20.S2 2.924 130.8 C.C
$700.00 0.012 $19.5 539.5 4 7 F.2 0.0 888.4 6. C.0 C. 293.9 20.52 2.924 130.1 0.0
3710.00 C.C12 514.7 939.6 477.1 0.0 892.6 6 0.0 C. 293.9 2C.SJ 2.924 13C.I CC
5720.00 0.012 S19.8 539.7 477.C C.C 896.8 6. C.0 0. 294.0 20.53 2.924 13C.I L C
5730.00 0.012 S20.0 539.8 477.C 0.0 9Ct.C 6. 0.0 C. 294.C 20.54 2.924 130.1 0,
S740.C0 0.C l2 *20.1 5 39.9 4 74.w 0.0 903 1 6. 0.0 C. 294.C 2C.54 2.924 13C.1 0.0
5750.00 0.012 520.3 540.C 476.8 C.C 9C9.2 6. 0.0 0 294.0 20.55 2.924 13C.1 C.C
5760.00 0.012 S20.4 540.6 476.F 0.C 913.4 6. C.0 C. 294.s 20.55 2.924 130.1 1.0
5770.C0 0.012 S2C.6 440.2 4F6.7 0.0 917.5 6. C.C C. 294.1 2C.55 2.924 13C.1 0.0
5780.00 0.C 12 S20. 7 $40. 3 4 76.6 0.0 921.5 6. 0.0 D. 294.1 20.56 2.924 I3C.I C.C
$790.00 0.0 L2 520.9 540.4 4 76.5 C.C 925.6 6. C.0 0. 294.2 20.S6 2.924 130.1 C.C
5800.00 0.012 521.0 540.) 476.4 0.0 929.7 6. 0.0 C. 294.2 20.57 2.924 130.1 0.C

,
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Table 8.5 (continued)

719E PREL LOCv2 LvAR LSHWO WihJ P WIC57 W57C LCCREL PCCh Plc.u LW5PAV Th5PAV bECC
5810.00 0.012 524.2 540.6 4F6.4 C.C 9 3 3. F 6. C.0 C. 294.2 20.57 2.924 13C.B 0.C
5820.00 0.042 521.4 540.8 476.3 0.0 937.7 6. C.0 C. 294.1 20.58 2.923 130.1 0.0
5830.C0 C.C12 521.5 540.9 476.2 0.0 941.7 6 0.0 0. 294.3 20.58 2.923 13C.I C.C
5840.00 0.012 521.7 541.C 4F6.2 C. C 945.7 6. 0.0 C. 294.3 20.59 2.923 130.1 C.C
5850.00 0.042 524 8 541.1 4F6.1 0.C 949.6 6. C.0 C. 294.3 20.59 2.923 130.1 0.0
5860.00 C.C12 522.C 541.2 476 1 0.0 953.5 6. 0.0 0. 294.4 2C.6C 2.923 13C.I C.0
5870.00 0.Cl2 522.2 541.4 4F6.C C.C 95 F.5 6. 0.0 0. 294.4 20.60 2 921 13C.I C.C
5880.00 0.012 522.3 541.5 476.0 0.0 961.3 6. C.0 C. 294.4 , 20.61 2.923 130.1 0.C
5890.C0 0.Cl2 522.5 541.6 475.9 0.0 965.2 6. 0.0 C. 294.5 2G.61 2.923 13C.! 0.C
5700.00 0.012 522.7 541.7 475.9 C.0 469.1 6. 0.0 0. 294.5 20.61 2.923 ISC.I C.C
5910.00 0.012 522.9 541.8 4F5.8 C.C 972.9 5. C.0 C. 294.5 20.62 2.923 13C.! C.C
$920.00 0.Cl2 523.0 542.0 475.8 0.0 9 76.7 5. C. 0 C. 294.6 20.62 2.923 130.1 0.0
5930.C0 0.C12 523.2 342.1 475.7 0.0 980.5 5 0.0 C. 294.8 2C.63 2.523 13C.C C.C
Sf40.00. 0.012 523.4 542.2 475.F C. C 584.3 5. 0.0 0. 294.6 20 63 2.923 13C.C C.C
5950.00 0.012 523.5 542.4 475.6 0.C 90s.C 5. 0.0 C. 294.7 20.64 2.923 130.0 0.0
$360.00 0.012 523.7 542.5 475.6 0.0 994.7 5. 0.0 c. 294.7 20.64 2.923 13C.C 0.C
5770.00 0.Cl2 523.9 $42.6 4F5 4 C. C 995.4 5. 0.0 C. 294.8 20.65 2.923 13C.C C.C
5980.00 0.012 524.1 542.8 475.3 0.C 999 1 5. C.0 C. 294.8 20.65 2.923 !)0.0 0.0
5990.00 0.C12 $J4. 3 542. 9 475.5 0.0 100J.8 5. C.0 C. 294.8 2C.66 2.923 13C.C 0.0
6000.00 0.C12 524.4 543.0 475.5 0.0 1006.4 5. 0.0 0. 294.9 20.66 2.923 13C.C C.C
6310.00 0.012 524.6 543.2 475.5 C.C LC10.0 5. C.0 C. 294.9 20.67 2.923 43C.C C.C
6020.00 0.012 524.6 543.3 4F5.4 0.0 1043.6 5. 0.0 C. 294.9 20.67 2.922 130.C 0.C
6030.00 0.C11 525.0 543.5 475.4 0.0 1017.2 5. 0.0 7 295.C 20.67 2.922 13C.C C.C
6340.00 0.011 525.2 543.6 475.4 C. C LC20.7 5. 0.0 0. 295.0 20.64 2.922 43C.C C.C
6050.30 0.011 525.4 543.4 475.4 0.0 IC24.2 5. C.0 C. 295.4 20 68 2.922 130.4 0.0
6060.C0 0.C11 525.6 343.9 4F5.4 0.0 1027.7- 5 0.0 C. 295.1 2C.69 2.922 140.C 0.0
6070.00 0.011 525.8 544.1 4FS.4 0.C EC31.2 5. 0.0 C. 295.1 20.69- 2.922 13C.C C.C
6080.00 0.011 526.0 %44.2 475.3 0.C RC34.6 5. C.0 C. 295.2 20.F0 2.922 130.0 0.0
6090.C0 C.Cil 526.2 544.A 4F5.3 0.0 103s.0 5. C.0 C. 295.2 20.7C 2.922 13C.C 0.C
6100.00 0.018 526.4 544.5 4F5.3 0.0 1044 4 5. 0.0 0 295.3 20.71 2.922 13C.C C.C
6110.00 0.011 $26.6 544.7 4F5.3 C.C IC44.0 4 C.0 C. 295.3 20.71 2.922 13C.C 0.C

$[.6120.00 0.0!! $26.8 244.6 4F5.3 0.0 1048.4 4 C.0 C. 295.3 20.F2 2.922 130.C 0.0
6430.C0 0. Cit 527.0 545.0 475.3 C.0 1051 4 4. 0.0 0. 295.4 20.72 2.922 43C.C C.C %4
6140.00 0.018 527.2 545.2 4F5.3 C.C IC54.7 4. 0.0 C. 295.4 20.73 2.922 13C.C C.C
6150.0u 0.011 527.4 545.3 475.3 0.C ICSS.C 4. C.0 C. 295.5 20.73 2.922 130.C 0.0
6460.00 0.C11 527.6 545. 5 4 FS.4 0.0 4041.2 4 0.0 C. 295.5 20.74 2.922 13C.C 0.0
6470.00 0.011 527.8 545.7 4F5.4 C. C IC64.4 4 0.0. O. 295.6 20.74 2.922 13C.C C.C
6880.00 0.084 528.0 545.8 4F5.4 0.C LC67.6 4 C.C C. 295.6 20.75 2.922 130.C 0.0
619C.00 C.Ct! 528.2 546.0 4F5.4. 0.0 10 FJ .8 4 C.0 C. 295.4 20.75 2.922 13C.C 0.0
6200.00 0.Cl4 528.4 546.2 475.4 0.0 1073.9 4. 0.0 0. 295.F 20.75 2.922 13C.C C.C
6210.00 0.011 528.7 546.3 4F5.4 C.C IC 7 7.C . 4 C.C 0. 295.7 20.76 2.922 !)C.C C.C
6220.00 0.014 528.9 546.5 475.5 0.0 4080.1 4 0.0 C. 295.8 20.76 2.922 130.C 0.0
6230.C0 0.Ct! 529 5 546.7 475.5 0.0 108s.1 4 0.0 0. 295.0 2C.77 2.921 13C.C C.C
6240.00 0.014 529.3 546.9 4F5.5 C.C IC86 1 4. 0.0 c. 295.9 20.77 2.924 13C.C C.C
6250.00 0.014 529.5 547.1 475.6 0.0 1C89.1 4 C.0 C. 295.9 20.78 2.921 130.0 0.0
6260.C0 0.011 529.8 547.2 475.6 0.0 1092.1 4. 0.0 c. 296.C 20.78 2.121 13C.C 0.0
62 F0.00 0.0!! 530.C 547.4 4F5.4 C. C IC95.C 3. 0.0 0. 296.0 20.F9 2.921 *3C.C C.C
6280.00 0.011 530.2 547.6 475.7 C.C IC97.9 3. C.0 C. 296.0 20.79 2.921 150.0 0.0
6290.C0 C.C11 53C.4 547.8 475.7 0.0 1100.8 3. 0.0 C. 296.1 2C.8C 2.921 13C.C 0.C
6300.00 0.0t1 53C.7 548.C 475.8 0.0 1803.6 3. 0.0 0. 296.1 20.80 2.924 13C.C C.C
6310.00 0.011 530.9 548.& 4F5 8 C.C itC6.5 3. C.0 C. 296.2 20.81 2.928 130.C 0.C .
6320.00 0.041 531.2 348.4 4F5.9 0.0 110v.2 3. C.0 C. 296.2 2C.81 2.921 F30.0 0.C
6330.C0 0.Cil 534 4 54d.6 475.9 0.0 1812.0 3. 0.0 c. 296.1 20.82 2.921 13C.C C.C
6340.00 0.0!! Skt.6 540.e 476.C C. C 4814.7 3. 0.0 0. 296.3 20 82 2.921 13C.C C.C
6350.00 0.0 L F 5 30.9 649.0 478.4 C.C SC51.1 148. 212.7 1. 296.4 20.83 2.965 430.3 0.0
636C.00 C.Cl2 531.1 549.0 478.1 0.0 1062.6 4 0.0 C. 296.5 20.8J 2.968 13C.3 0.C
6370.00 0.018 '31.3 549.2 478.4 C.C BC66.3 5. 0.0 C. 296 5 20.84 2.968 13C.3 C.C
6s80.00 'O.Cla was.6 54g.4 4F8.4 0.C ICTC.0 4. C. 0 C. 296.5 20.84 2.968 130.3 0.C
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Table 8.5 (continned)

'734C PAtt LDCW2 Lvan L5H4C .16J P w7057 WSFC LocutL 1606 P7CbG Lh5 Paw 7b5PAv hECC
6390.00 0.Ct! 138.8 549.e 474.2 C.C 1C73.6 4 0.0 0, 296.6 20.45 2.968 13C.3 C.C
6400.00 0.011 532.8 549.8 478.2 C.C 1C77.2 4. C.0 C. 296.6 20.85 2.968 130.3 0.0
6410.C0 C.C & t S 32. 3 550.0 4 78.2 0.0 108J.7 4. 0.0 C. 256.7 2C.86 2.968 13C.3 0.C
6420.00 0.011 132.4 550.2 47s.2 C.0 1084.3 4. 0.0 0. 296.7 20.46 2.967 43C.3 C.C
6430.00 0.0!! 532 8 550.4 478.3 C.c IC87.7 4 C.0 C. 296.8 20.87 2.967 13C.3 C.C
b440.00 0.011 S 3 3.1 $50.6 4 78.3 0.0 1091.4 4. 0. 0 C. 296 8 20.87 2.967 130.3 0.C
645C.C0 C. Cat 533.3 550.0 4fe.3 9.0 1094.6 4. 0.0 C. 296.9 20.88 2.967 13C.3 C.C
6460.00 0.018 533.S 5 50 . 9 474.3 C.C LC98.C 4 0.0 C. 296.9 20.48 2.967 13C.! C.C
6470.00 0.011 S33.8 551.4 4re.4 0.C 48CL.3 4 C.0 C. 297.0 20.89 2.967 130.3 0.0
648C.C0 C.Ct! 534.C 551.3 478.4 0.0 1104.6 4. 0.0 C. 297.0 20.89 2.967 13C.3 0.C
6490.00 0.081 194.2 551.5 478.4 C.C ttCT.9 4. 0.0 0. 297.1 20.90 2.967 13C.3 C.C
65CO.00 0.011 534.5 551.7 478.4 0.C 1111.2 4. C.0 C. 297.t 20.90 2.967 130.3 0.0
6510.C0 C.Cil 534.7 531.9 478.5 0.0 1814.4 4 C.0 C. 297.2 . 2C.91 2.967 13C.3 0.0
6520.00 0.014 534.2 552.2 480.7. 0.C 1058.7 151. 215.2 1. 297.2 20.91 3.C06 13C.S C.C
6530.00 0.082 534.4 552.4 4e0 8 C.C LC62.6 6. C.0 C. 297.3 20 92 3.017 130.6 C.C
6540.00 0.011 534.6 552.5 460.7 0.0 1067.2 6. 0.0 C. 297.4 20.93 3.017 130.6 0.0
655C.C0 0.Cil 134.8 552.7 480.7 0.0 1071.7 6 0.0 0. 297.4 2C.93 S.Ct1 13C.e C.C
6560.00 0.041 535.1 $52.8 480 4 C. C IC76.3 6. 0.0 c. 297.S 20.94 3.017 13C.e O.C
6570.00 0.0t! S35.5 553.0 480.6 0.C IC80.7 6 C.0 C. 297.5 20.94 3.016 130.6 0.0
6580.00 0.C11 535.5 553.1 480.6 0.0 10s).2 6. 0.0 0. 297.4 2C.94 3.Cte 13C.4 0.C
6590.00 0.S11 135.7 553.3 480.5 C. C ICt9.6 6. 0.0 0. 297.6 20.95 3.C16 13C.4 C.C
6600.00 0.011 555.9 553.4 480.5 0.C IC94.C 6. 0.0 C. 297.6 20.95 3.016 130.6 0.0
66tC.C0 0. cit $36.1 553.5 480.4 0.0 1098.3 6. 0.0 C. 297.7 2C.96 3.Cte 13C.t 0.0
6620.09 0.011 136.3 553.7 483.3 0.0 1802.6 6. 0.0 0. 297.7 20.96 3.Cl4 13C.t 0.C
6630.00 0.011 536.5 553.e 480.3 C.C !!C6.8 6. C.0 c. 297.8 20.97 3.016 130.6 0.C
6640.00 0.011 536.7 553.9 480.2 0.0 !!!!.0 6. 0.0 C. 297.8 20.97 3.016 130.6 0.0
665C.C0 0.Cil 136.9 554.C 480.2 0.0 1813.2 6 0.0 0. 297.9 2C.98 3.C16 13C.4 C.C
6660.00 0.016 536.5 554.e 482.9 C.C SC52.C 156. 215.3 1. 298.0 20.99 3.066 13C.9 0.C
6670.00 0.012 536.9 5>4.9 482.8 0.0 IC44.2 9. C.0 C. 298.C 20.99 3.071 130.9 - 0.0
66 80. C0 C.Cil 5 3 7.2 355.1 442 6 0.0 1071.0 10 0.0 0. 298.1 21.CC 3.C71 13C.9 0.0
6690.00 0.011 137.3 555.1 482.4 C.C IC 7 7. 5 10. 0.0 0 298 5 21.C 0 3.C71 13C.9 C.C' >.
6700.00 0.041 557.3 s55.0 en2.1 0.C 1043.9 tc. C. 0 C. 298.2 21.01 3.071 130.9 0.0 45
6710.C0 C.C11 537.4 395.0 481.9 0.0 1090.1 10. C.0 C. 298.2 28.Ct 3.C71 13C.9 0.C 00
6720.00 0.011 537.4 554.9 481.6 0.0 1096 1 10. 0.0 0. 294.3 21.02 3.C71 13C.9 C.C
6730.00 0.011 537.4 554.8 481 3 C.C !!C2.0 9 C.0 C. 298.3 21.02 3.071 13C.9 C.C
6740.00 0.011 537.4 554.8 481.1 0.0 !!C7.7 9. 0.0 C. 298.4 21.C3 3.071 130.9 0.0
6750.C0 0.C i t S 37.5 $54. 7 480.8 0.0 !!!).2 9 0.0 0. 298.4 21.C3 3.C71 83C.9 C.C
6760.00 0.015 577.3 555.1 482.4 C.C IC73.3 162. 220.1 1. 298.5. 21.04 1.103 131.1 C.C
6770.00 0.012 536.8 555.' es).1 0.0 1059.9 11. c.o C. 298.6 21.C5 3.144 131.3 0.C
6780.C0 0.C11 537.8 555.1 482.8 0.0 1068.7 13. 0.0 0. 298.4 21.CS 3.144 131 3 0.0
6730.00 0.0 t ! S 3 7.1 555.0 482.4 C.C IC 7 7. 3 8 '. . 0.0 C. 298.7 21.06 3.844 131.3 C.C
6800.00 0.041 536.9 554.7 481 9 C.C IC8 5. 3 14 C. 0 C. 298.7 21.06 3.144 131.3 0.0
6410.C0 0.C11 536.6 554.3 481.3 0.0 1092.9 14. 0.0 C. 298.8 21.07 3.144 131.3 0.0
6820.00 0.014 136.3 553.9 480.8 0.0 1100.0 13. 0.0 C. 298.8 21.07 3.144 131.3 C.C
6830.00 0.0!! S36.1 553.e 480.3 C.C llc 6 7 12. C.0 0. 298.9 24.08 3.144 131.3 0.C
e340.00 0.011 535.9 551.3 479.9 0.0 1813.2 11. 0.0 C. 298.9 21.C8 3.144 131.3 0.0
6850.00 0.CIS 535.7 553.7 481.6 0.0 1073.2 166. 221.5 1. 299.C 21.C9 3.179 131.5 C.C
6e60.00 0 014 534.6 553.0 481.9 0.0 ICS2.8 122. 218.4 8. 299.1 21.10 3.231 131.0 0.0
6870.00 0.C 81 5 34.3 552.5 4 81.1 0.0 1064.7 15 0.0 0. 299.1 21.tC 3.239 131.8 0.C
6880.00 0.C11 134.2 152.3 480.6 0.0 1073.8 15. 0.0 0. 299 2 21.11 3.239 131.6. C.C
6890.60 0.011 133.9 551 9 480.0 0.C IC82.3 16. 0.0 0. 299.2 21.11 3.239 13L.8 0.0
6900.00 0.Ct! S33.5 5>1.4 479.3 0.0 1090.3 15. C.0 C. 299 3 21.82 3.239 131.8 0.0
6910.00 0.C11 533.2 551.C 478.7 0.0 1097.8 14. 0.0 0. .299.3 21 12 3.239 131.8 C.C
6920.00 0.011 532.9 550.6 478.2 C.C llc 4.9 13. C.0 C. 299.4 21.13 3.239 131.8 0.C
6930.00 0.011 532.7 550.3 477.7 0.C 4111.7 12. C.0 C. 299.4 24.13 3.239 431.8 0.0
6940.00 0.C14 532.5 550.5 478.8 0.0 1083.7 164. 224.8 1. 299.5 21.44 3.263 132.C 0.C
6950.00 0.014 534 6 550.1 479.7 C. C I C 54.9 - 125. 220.0 1. 299.6 21.15 3.316 132.3 C.C
6960.00 0.014 $31.0 549.3 478.8 0.0 1C63.4 15. C.0 C. 299.7 21.16 3.332 132.4 0.0
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Table 8.5 (continued)

Time PREL LDCwl Lyan LSHRC uthJ P W70$7 uSTC 10Catt FG0m PFChG LkSP64 Th$ Pet - hfCC
6DFO.00 0.C11 S30.9 549 1 478.4 C.C IC72.6 16. 0.0 0. .299.7 21 16 3.332 132.4 0.C
6980.00 0.041 530.F $48.8 4F7.8 0.0 IC81.1 16. 0.0 C. 299.7 24.17 3.332 132.4 0.0
6990.C0 0.C11 S30.4 548.4 477.2 0.0 IC89.S 44 C.0 0. 299.8 21.17 3.331 132.4 0.0
F000.00 0.0!! ' 30.0 548.C 4 76.6 0. 0 1097.3 14 0.0 0. 299.8 28 18 3.331 132.4 C.C'
7010.00 0.011 529.8 S47.6 476.C 00 11C4.7 13. C.0 C. 299.9 21.18 3.331 132.4 C.C
7020.00 0.011 529.6 $47.1 475.6 0.0 1811.6 13. C.0 C. 259.9 21 19 3.331 132.4 0.0
7030.00 0.014 S29.5 S47.6 476.6 0.0 8084.9 164. 226.2 1. 3CC.C 24 49 3.356 132.9 C.C
F040.00 0.014 528.5 S4F.2 4FF.S C.C ICS).1 126. 224.0 1. 300.1 21.20 3.409 132.8 C.C
7050.00 0 011 527.F S46.2 4F6.5 0.0 IC63.6 16. 0.0 C. 3CC.2 21.21 3.425 132.9 0.0
7060.C0 C.C11 527.6 546.0 4F6.1 0.0 1072.7 16 0.0 0. 3CO.2 21.22 3.425 132.9 0.C
F0F0.00 0.011 S27.4 S45. 7 4 FS.S C.C LC41.S 16 0.0 0. 300.2 21.22 3.425 132.9 'O.C
7080.00 0.011 527.2 545.3 474.9 0.0 IC89.9 15. C.0 C. 3Co.3 21.23 3.425 l'2.9 0.0
F090.00 0.Ct! S26.9 $44.9 474.3 0.0 609#.9 IS. 0.0 C. 3CC.3 24.23 3.425 132.9 0.C
7100.00 0.011 526.6 S44.6 473.8 0.0 1105.6 84. 0.0 0. 300.4- 21.24 3.424 132.9 C.C
F110.00 0.018 526.4 544.3 473.3 C.c lin3.C 13. C.0 c. 300.4 21.24 3.424 132.9 ' C.C
7120.00 0.044 S26.3 S44.7 474.4 0.0 1076.8 167 225.7 8. ECC.S 21.25 3.460 133.4 0.0
F130.00 0.014 525.0 543.8 475.2 0.0 1052.3 128. 221.4 1. 3CC.6 21.26 3.513 133.4 C.C
7140.00 0.041 S24.4 $4 3. 0 4F4.2 C.C C65.3 16. 00 C. 300.7 21.26 3.518 133.4 C.C .
7150.00' O.040 524.3 542.8 473.7 0.0 aC 74.5 16. 0.0 C. 3Co.1 24 27 3.518 433.4 0.0 ,

7460.00 0.CIC 524 4 S42.5 479.1 0.C 1083.3 16. 0.0 0. 3CO.7 21.27 3.518 133.4 0.C
F170.00 0.C10 S23.9 $42.2 472.6 C.C ICSI.8 16. 0.0 C. 300.8 21.28 3.518 133.4 0.C
7180.00 0.C11 523.6 341.9 472 0 C.C IC99.9 15. I C. SCO.8 21.29 3.518 133.4 0.0
F19C.00 0.C11 523.4 $44.6 471.S 0.0 1107.8 14. C.6 0. 3CC.9 21.29 3.518 133.4 0.0
F200.00 0.011 523.3 541 3 471.C 0.0 It!S.S to. 233.6 1. 300.9 28 30 3.518 133.4 C.C
7210.00 0.045 S22.9 S41.e 4F3.1 0.0 IC 6 3.4 164. 224.C 4. 3C1.0 21.30 3.572 133.7 C.C
F220.00 0.012 521 4 540.4 4 72 .4 0.0 10Sv.4 19. 0.0 C. 3C1.1 21.34 3.612 133.9 0.0
7230.00 0.011 S21.1 539.e 471.7 0.0 LC68.3 16. 0.0 0. 3C4.1 21.32 3.412 133.4 C.C -
7240.00 0.040 521.0 533.6 4F1.2 C.C IC77.5 16. 0.0 C. 301.2 21.32 3.612 133.9 C.C
F250.00 0.010 S20.8 S39.3 470.7 0.C 1C8a.3 16. C.0 C. 3C4.2 21.33 3.642 433.9 0.0
F260.0C -0.CIC S2C.6 539.C 470.1 0.0 1094.8 16. 0.0 0. 3Ct.3 21.33 3.612 133.9 ' O.0

C.C 11C3.1 15. 00 0. 301 3 21.34 3.612 133.9 C.C >=7270.00 0.Jt0 S20.4 538.7 469.6
' O.0 1111.2 15. C.0 0. 301.4 21.35 3.612 133.9 0.C J>F280.00 0.040 $20.2 539.5 469.1

7290.00 0.C14 S2C.2 S38.F 470.4 0.0 1087.0 166. 229.0 8. 3Ct.4 24.35 - 3.636 134.1 0.0 WD
F300.00 0.014 $19 1 538.2 471.C 0.0 1054.4 125. 225.0 8. 301.5 24 36 3.49C 134.4 C.C
7310.00 C.0!! S18.0 536.9 469.7 0.0 IC64.1 17. C.0 C. 304.6 21.37 3.703 134.4 0.C
7320 00 0.010 S17.9 536.F 469.2 0.0 10F3.4 16 0.0 C. 3Cl.6 21 37 3.703 134.4 0.0
7330.00 0.010 $17.8 $36.5 468.8 0.0 1082.5 46 0.0 C. 3Ct.1 28 38 3.7C3 134.4 C.C
F340.00 0.010 Str.6 S36.2 468.2 C.C IC91 3 16. 0.0 C. 308.7 21.38 3.703 134.4 C.C
7350.00 0.040 517.4 S35.9 467.7 0.C !!CO.C 16. 0.0 C. 3Ct.8 21 39 3.703 134.4 0.0
7360.C0 0.CIC 517.3 53S.F 467.2 0.0 110s.4 15. 0.0 C. 3C1.8 28.39 3.703 134.4 0.C
F370.00 0.0!! S17.1 $ 55.5 46 F.C C.C 11CS.S 114 232.8 1. 301.8 21 40 3.708 134.S 0.C
7380.00 0 015 S16.6 535.6 468.8 0.C 1042.C 169. 224 8 8. 3Ct.9 21 41 3.763 134.8 0.0
7390.00 0. Cit 514.v S34.0 467.7 0.0 106u.6 24 0.0 0. 3C2.C 21 42 3.795 135.C 0.0
7400.00 0.010 $14.8 533.8 447.2 0.0 BCFO.3 17. 0.0 0. 302.1 21.42 3.795 135.C C.C |
1410.00 0.010 544.F S33.6 466.7 0.C IC79.6 16. 00 0. 302.1 21.43 3.795 435.C 0.0
F420.00 0.CtC S14.6 $33.4 466.2 0.0 tCas.6 16. 0.0 C. 3C2.1 21 43 3.799 135.C 0.C
F430.00 0.C10 $14.4 $33.1 465.F 0.0 4097.S 16. 0.0 C. 302.2 21.44 3.795 135.C C.C
F440.00 0.010 S14.3 532 9 465.2 C.C !!C6.2 ' 16 C.0 C. 302.2 24.44 3.F94 135.0 0.t
#450.00 0.010 S 14.1 $ 12. 7 444.8 C.C 1814.7 16. C.0 C. 3C2.5 21.45 3.794 135.C 0.0
74 60. C 0 0.C14 513.7 532.8 466.4 0.0 1070.4 til. 226.8 l. 3C2.3 21.46 3.844 135.2 C.C
f470.00 0.042 512.2 531.5 465.5 C.C 4C60.2 22. 0.0 0. 302.4 21.47 3.484 13S.S 0.C
F480.00 0.011 581.8 330.9 465.4 0.C IC69.5 17 0.0 C. 3C2.5 24.47 3.884 135.5 0.0
749C.C0 0.CIC 511.7 530.7 464.7 0.0 407e.8 17. 0.0 C. 3C2.! 21.48 3.884 135.5 0.0
FS00.00 0.CIG *18 4 S30.5 464.2 C.C IC85.C 17. 0.0 0. 302.6 21.48 3.844 139.4 C.C
#510.00 0.080 511.5 530.1 463.7 0.0 IC97.1 17. C.0 C. 3C2.6 21.49 3.884 135.4 0.0
7520.C0 C.L t C 5 41. 5 S30.1 463.2 0.0 11C6.0 .16. 0.0 C. 3C2.7 21.SC 3.884 135.4 0.0
FS30.00 0.040 $11.2 529.9 462.7 0.0 1114.8 16. 0.0 0. 302 7 21.50 3.883 135.4 C.C
7540.00 G.014 Sto.8 529.9 464.3 C.C 1 Cit.) 171. 227 3 1. 3 Cd .8 21.51 3.933 135.7 C.C

F
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Table 5.5 (continuoas

71MC PMtC LDCW2 LVA4 LiHRC mI4J P m7C57 mS7C LCCREL 7GCu PFLaG Lu$ PAW Th5 PAW htCC
F550.00 0.012 509.2 s18.7 463.9 9.0 1C60.2 23. C.0 C. 3C2.8 21.52 3.973 135.9 0.0
F560.00 C.C10 SGa.8 328.0 463.G Q.0 1069.6 17 0.0 C. 3C2.9 21.52 3.573 135.9 C.C
F570.00 0.ClO 508.7 527.8 402.6 0.0 1074.0 17 0.0 C. 303.0 21.S3 3.973 135.9 C.C
FS60.00 0.010 504.6 527.7 462.1 C.C IC88.3 87 C.0 C. 3C3 0 28.54 3.973 135.9 0.C
F510.00 0.C10 50s.5 S2F.5 461.6 0.C 109F.S 17 C.0 C. 3C3.C 21.54 3.%73 135.9 0.0;e00.00 C.C1C 50s.4 527.3 461 1 C.0 1106.7 17 0.0 0. 3C3.1 21.55 3.573 135.9 C.C
7610.00 0.010 508 3 527.1 460.3 C.C 1112. F 1 F. 236.0 1. ICA.1 21.55 3.9F3 135.9 C.C
7620.00 0.C14 507.7 52F.a 462.3 C.C IC68.3 172. 227.C 1. 3C3.2 21.56 4.028 136.2 0.0
F63C.C0 C.C12 505.9 3/5.4 4e1.5 0.0 1060.4 28 0.0 0 3C3 3 21.57 4.C62 136.4 0.C
F640.00 a.CIC SJ5.8 525.1 460.4 0.C IC70.3 I F. 0.0 C. 303 3 21.57 4.C62 136.4 C.C
Fo50 00 0.010 5u5.7 524.9 460.4 C.C IC79.8 17. C.C 0. 303.4 21.58 4.062 136.4 0.C
76 60. C0 0.CLC 505.6 524.8 459.9 0.0 1089.2 17. C.0 C. 3C3.4 21.59 4.C62 134.4 0.C
F670.00 0.C40 5C5.5 524.6 459.3 0.0 1C9e.6 17 0.0 0. 303 5 28.59 4.C62 136.4 C.C
F680 00 0.C10 505.4 524.4 459.C C.C 11CF.9 17. C.0 C. 303.5 21.60 4.062 136.4 C.C
7690.00 0.012 505.2 324.3 4S4.0 0.0 1104.1 148. 233.6 1. 3 C 3. 5 21.60 4.070 136.5 0.C
F700.C0 0.014 504.5 324.C 400.2 0.0 1063.8 172. 226.4 t. 3C3.4 21.68 4.125 134.4 C.C
7F10.00 0.u11 502.9 522.4 459.1 C. C 1C41.5 21. 0.0 0. 303.F 21.62 4.149 136.9 C.C
FF20.00 0.Glu 502.9 522.3 4S4.7 C.0 1C 7 s. 3 17 C.0 C. 3C3 7 21.63 4 149 136.9 0.0
7730.00 0.C10 502.9 522.2 45R.3 0.0 1082.8 17. 0.0 C. 3C3 8 21.63 4 149 136.9 0.0
7740.00 0.C10 502.8 522.C 45F.e O.C I C 92. 3 17. 0.0 0 303 8 21.64 4.149 134.9 C.C
F750.00 0.010 502.7 221.9 427.4 0.0 11C1.9 17. C.0 0. 3C3.9 21.64 4.149 136.9 00FF60.00 0.C&G 50J.6 528.7 456.9 0.0 1111.3 18 0.0 C. 3C3.9 21.e5 4 149 136.9 0.0
7770.00 0.013 502.4 528.7 457.8 0.0 1086.1 173. 230.8 1. 3C4.0 21.65 4.179 137.1 C.C
7780.C0 0.014 501 1 520.t 458.4 C.C 1051.2 863. 224.2 1. 304.0 21.66 4.233 137.4 C.C
7790 00 0.C11 500.0 s19.5 456.9 0.0 1067.6 18 0.0 C. 3C4 1 21.67 4.236 137.4 0.0
F800.00 0.C10 499.9 $19.4 456.5 C.C 107F.2 17. 0.0 c. 3C4 2 21.48 4.236 137.4 C.C
7810.00 0.010 499.9 519 3 456.C C.C ICf6.8 18. 0.0 0. 104.2 21.68 4.234 137.4 0.C
F820 00 0.C10 499.8 319.2 455.6 0.0 IC96.4 18. C.0 C. SC4 2 21.69 4.236 137.4 0.0
7830.00 C.C&C 449.6 s19.1 455.2 0.0 1100.1 18. 0.0 0 3C4.3 21 69 4.236 137.4 0.0
F840.00 0.C10 499.7 318.9 454.7 C.C 111%.7 18. 236.6 1. 3C4 3 21 70 4.236 137.4 C.C
F850.00 0.014 499.0 518.6 456.0 0.0 1070 7 173. 228.1 1. 3C4.4 21.71 4.291 137.F 0.C p.7860.00 0.C 6 2 49 7.1 S16.1 4 55.e 0.0 luel.7 12. 0.0 C. 3C4.5 21.72 4.323 L37.9 0.C Ln7870.00 0.010 497.1 516.7 454.3 0.0 1072 1 18. 0.0 0. 304.5 21.72 4.323 137.5 0.C C3Fs80.00 0.010 497.1 516.6 454.3 C.C ICt!.e 18. C.0 C. 304.6 21.73 4.323 137.9 C.C
7890.00 0.C10 497.0 $16.% 453.8 0.0 1091.5 88. C.0 C. 3C4.4 21.73 4.323 137.9 0.0
790C.C0 0.C10 497.0 516.5 453.4 0.0 1801.2 18. 0.0 C. 3C4.4 21.74 4.323 137.9 C.C
7910.00 0.010 496.9 516.3 453.C C.C tilt.9 18. 0.0 0 304.7 21.75 4.323 137.9 0.CF920.C0 0.013 496.6 516.7 4%3.6 0.0 1Cea.9 175. 231.7 B. 3C4.7 21.75 4.351 13 8.C 0.P
7930.C0 0.C14 495.4 S15.3 494.2 0.0 105).0 166. 225.1 1. 3C4.8 21.76 4.4C5 138.3 C 0
7940.00 0.Ct1 494.1 513.9 452.9 C.C IC64.0 49 0.0 0 304.9 21.77 4.415 138.4 r. :
F9%0.00 0 010 493.9 513.6 452.4 0.0 IC 7 3.6 18. C.0 C. 3C4.9 28.77 4.415 138.4 ..C7960.C0 C.C10 493.8 513.5 451 9 0.0 1083.2 88 C.C C. 3C5.C 21.78 4.415 138.4 0.0
F9 70.00 0.010 493.8 513.4 45t.5 0.0 tu92.* 18 0.0 0. 105.0 21.79 4.415 138.4 C.C
F980.00 0.010 493.7 513.3 451.1 C.C llc 2.5 18. C.0 C. 3C5.1 21.79 4.415 138.4 C.C
7990.00 0.010 493.7 S13.2 %50.7 0.0 !!!2.3 18. C.0 C. 3C5.1 21 8C 4.415 138.4 0.C
8000.00 0.083 493.2 $12.9 451.4 0.0 1083.7 175. 230.7 1. ECS.I 21.8C 4.451 138 4 C.C
8010.00 0.014 432.0 512.C 451.9 C.C 1051.6 159. 224.4 1. 305.2 21.61 4.505 138.9 C.C
8020.00 0.011 490.8 510.7 4SO.5 0.0 1065.8 20. C.0 C. 3C5.3 21.82 4.508 138.9 0.08030.00 0.C1C 49C.6 S10.5 450.0 0.0 1075.3 18 0.0 0. 3C5.3 21.83 4.500 138.9 0.0
a040.00 0.CIC 47C.5 5L0.4 449.6 C.C 1Ct4.9 18. 0.0 0. 305.4 21.83 4.508 138.5 C.C
8050.00 0.010 490.5 510.3 449 8 0.0 1C94.6 18. 0.0 C. 3C5.4 21 84 4.508 138.9 0.0
5060.00 C.CIC 49C.4 %10.2 448.7 0.0 1104 2 18 0.0 C. 3C5.5 21.84 4.508 138.9 0.060 70.00 0.C10 49C.4 580.1 448.3 0.0 1114.0 18 0.0 C. 305.5 21 85 4.500 138.5 C.C
8080.00 0.014 490.0 SC9.9 449.4 C.C IC79.3 172. 23C.0 1. 305.6 21.86 4.552 L39.1 0.C
a090.00 0.C14 488.6 %U9.C 449.9 0.0 1052.1 117 C.0 C. 3C5.6 21.87 4.603 139.4 0.C
5100.00 0.010 487.5 507.5 448.2 0.C 1C65.6 19 C.0 C. SC5.7 21.88 4.603 139.4 0.9
4110.C0 C.C1C 48F.3 50F.3 44F.6 0.0 1075.1 18. 0.0 0 3C5.7 21.88 4.403 139.4 0.C6120.00 0.C 10 45 7.2 50 7. 2 44 7. 2 C.C LC84.F 48. 0.0 0 305.8 21 89 4.6C3 139.4 0.C

, g g a 6 *
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Table 3.5 (coetteued)

TIME PRfL LUCV2 LVA4 L5MRC e tMJ P 87057 857C LDGREL TGCh P7thG Ce5 Pay ThSpey hfCC
8130.00 0.C10 48F.1 50F.! 446.0 C.J I C 94 .3 La. 0.0 0 3C5.4 21.89' 4.603 139.4 0.0
bl40.C0 0.010 487.0 507.C 446.4 C.C llc 4.0 19 0.0 0. 305.9 21.9C 4.601 139.4 C.C
8150.00 0.080 4e7.0 506.9 445.9 0.C till.7 18. 0.0 C. 305.9 - 21 90 4.603 119.4 0.0
8 t F 9. C0 0.C14 686.6 506.7 447.0 0.0 1079.1 173. 229.9 1. 3C6.C 28.93 4.e47 139.7 C.C
eL70.00 0.Cl4 485.5 $01.8 447.5 0.0 1052.3 417. 0.0 C. 306.0 21.92 4.698 14C.C C.C
8480.00 0.010 4s4.1 504.1 445.8 0.C IC65.7 2C. C.0 C. 3C6.1 25.93 4.698 14C.C 0.0
8190.00 C.C40 4s3.9 594.1 445.3 0.0 1075.2 18. 0.0 C. SC6.2 24.93 4.498 14C.C 0.0
e200.00 0.010 483.8 5C3.9 444.8 0.0 1084.h 18 0.0 0. 306.2 21.94 4.498 I4C.C C.C
4230.00 0.010 483.7 Sol.e 444.4 C.C IC94 3 19. C.0 C. 3C6.2 21.95 4.648 140.C C.C
6220.00 0.010 483. 7 30 3. 7 444.J C.C 1104.0 19. 0.0 C. 3C6.3 21.95 4.698 140.0 0.0
82 3C.00 C.CIC 483.6 503.7 441.6 0.0 !!!).6 19. 0.0 0 3C6.3 21.96 4.498 14C.C C.C
#240.00 0.043 483.4 503.6 444.7 C.C LC79.4 1F1. 230.0 3. 3C4.4 21 96 4.742 14C.2 C.C
R250.00 0.014 482.2 502.s 445.2 0.C 1052.6 115. 0.0 C. 3C6.4 24.97 4.794 140.5 0.C
3260.00 0.C it 48C. 7 501.1 44 3.4 0.0 1065.7 21. 0.0 C. 3C6.5 21.98 4.794 14C.5 0.0
8270.00 0.CIC 48C.$ 400.8 442.9 0. 0 IC75.2 18. 0.0 0. 106.6 21.99 4.794 14C.5 C.C
6280.00 0.010 eso.4 500.6 442.4 c.C LCt4.7 49. C.0 C. 3C6.6 21.99 4.794 140.5 0.C
8290.00 0.CIL 48C.3 500.6 442.0 0.C 4094.3 18. 0.0 0. 3C6.6 22.CC 4. 7 9 3 14 C.5 0.0
8300.00 0.080 480.2 500.1 441.6 0.0 1103.9 19 0.0 0. 306.7 22.00 4.793 14C.5 C.C
4310.00 0.0&O 4eG.2 500.4 441.2 C.C tits.6 19. C.0 0. 3C6.7 22.01 4.793 14C.S C.C
8320.00 0.013 456 0 300.3 462.3 C.C 1081.4 870. 23C.4 1. 3C6.8 22.C2 4.835 140.7 0.0
8330.00 0.Cl4 4F8.9 499.4 442.8 0.0 1050.3 160. 0.0 C. 3Ct.0 22.C3 4.889 141.C C.C
4340.00 0.010 47F.4 497.e 441.C C.C 1C43.6 70. 00 0. 306.9 22.04 4.889 141.C C.C
6350.00 0.010 477.1 497.5 44n.5 0.C LC75.C 19. C.C 0. 3CF.C 22.C4 4.889 144 0 0.0
8360.00 0.C10 4FF.C 497.4 44n.0 0.0 BC84.5 18. 0.0 0. 3C7.C 22.CS 4.889 141.C . 0.0
8370.00 0.C10 476.9 497.3 439.6 0.0 1C94 1 18. 0.0 C. 307.0 22.05 4 489 141.C C.C
8380.00 0.010 476.8 497.2 439.2 0.0 18 C 3. 6 19. 0.0 C. 3C7.1 22.06 4.889 141.C 0.0
8390.00 0.Cic 4 76.e 497.1 438.8 0.0 1113.2 19 C.0 C. 3C7.1 22.C4 4.889 141.C 0.0
8400.00 0.C13 476.6 497.t 439.9 0.0 1084.1 170. 230.4 1. 30F.2 22.C7 4.9 3C 141.2 C.C
e410.0G 0.014 475.5 496.2 440.4 C.C ICSC.C 160. 0.C C. 3CF.2 22.04 4.984 141.5 C.C
4420.00 0.010 474.0 494.4 418.7 0.0 1065.3 20. C.0 C. 3CF.3 22.09 4.984 141.5 0.0 -
8430.00 0. C I C 4 7 3. 7 4 44. 2 4 3 8.1 0.0 1074.7 18. 0.0 0. 3C7.3 22.C9 4.984 141.! C.C

(N.
e440.00 0.010 473.6 494.3 437.4 C. C IC84.t 19. 0.0 0. 307.4 22.40 4.984 141.5 0.C
e450.00 0 010 4Fs.$ 494.0 437.2 0.0 1013.6 19 C.0 C. SCF.4 22.41 4.984 144.5 0.0 p
e460.00 0.Cic 4F3.4 494.0 436.8 0.C tics.2 19 0.0 0. 3C7.5 22.11 4.984 141.5 0.C
e470.00 0.C10 473.4 493.9 456.5 C.C 1112.8 19. 0.0 0. 307.5 22.12 4.484 141.5 C.C
e480.00 0.013 4F3.2 493.s 457.4 0.C IC82.8 17C. 23C.7 1. 30F.6 22.42 5.C23 141.7 0.0
e490.00 C.C14 4F2.2 495.0 439.0 0.0 105L.4 161. 224.3 1. 3C F.4 22.13 5.077 142.C 0.C
e500.00 0.040 4FC.4 498.3 436.3 0.0 1064.7 21. 0.0 0. 3CF.7 22.14 S.C75 142.C C.C
e510.00 0.010 470.3 490.9 435.F C.C LC74.1 20. C.0 C. 30F.7 22.15 5.079 142.C C.C
6520.00 0.010 47C.2 470.e 435 3 0.0 1083.6 49 C.0 C. 3CF.8 22.16 5.079 142.C 0.0
8530.00 0.C10 47C.1 490.e 434.9 0.0 1093.1 19 0.0 C. 3C7.8 22.14 5.C79 142.C C.C
e540.00 0.G10 4F0.0 490.F 434.5 C. C ttCJ.6 19. 00 0. 307.9 22.17 5.079 142.C C.C
8550.00 0.C10 4F0.0 490.7 434.1 0.C 1812.2 19. C.0 C. 3CF.9 22 17 5.0F9 142.C- 0.C
#560.00 C.Cil 469.8 490.s 434.8 0.0 1080.5 170. 231.4 1. 3CO.C 22.18 5.112 142.2 0.C
e570.00 0.014 469.1 4e9. 8 4 39.1 C.C I C 54. 9 158. 225 1 1. 30s.O 22.19 5.846 142.5 C.C
e580.00 0.080 467.2 428.1 433.9 0.C IC64.C 23. C.0 0. 3C8.4 22 20 5.174 142.6 0.C
8590.C0 0.Ctb 466.9 4s7.F 433.3 0.0 1075.5 19. C.0 C. 3C8.1 22.2C 5.174 142.6 0.C
8600.00 0.C10 46e.8 487.6 432.9 C.C 1082.9 19 0.0 0. 3Co.2 22.21 S.174 142.4 C.C
e610.00 0.010 466.7 447.5 432.5 C.C LC92.3 19. C.0 C. 3C8.2 22.22 5.174 142.4 0.C
B620.00 0.C I O 466.6 es F. 5 4 92.1 0.0 ! a 01.9 . 19. C.0 C. 3CO.3 22.22 5.174 142.6 0.0
8650.00 0.C10 4ee.5 487.4 431.7 0.0 !!!!.2 20. 0.0 C. 3C 8. 3 22.25 5.174 142.4 C.C
8640.00 0.C l 3 466 3 48 F.2 4 32. 3 C.C L Ce f.8 169. 251.6 t. 308.4 22.23 5.205 142.7 C.C
6650.00 0.Cl4 465.8 486.6 433.2 0.C tC56.i 157. 225.4 1. SCO.4 22.24 5.259 143.C 0.C
e66C.00 0. Cat 463.9 484.s 431 6 0.0 106).3 22. 0.0 C. 3C8.9 22.25 5.27C 143.I 0.0
6670.00 0.ClO 463.5 464.4 491.C C.C- ICF2.6 19. 0.0 0. 3C8.5 22.26 5.264 143.3 C.C
e680.00 0.0 4 u 46 3.4 444. 6 4 30.5 0.C 1Cet.9 19 C.C 0. 3C8.6 22.26 5.269 143.1 0.0
e690.CC 0.010 463.3 484.9 430.2 0.0 1091 4 19 C.C C. 3C8.e 22.27 5.269 143.4 0.0
8700.00 d.Ctc 463.2 484.2 429.8 0.0 1500.8 19 0.0 0. 308.7 22.28 5.269 443 5 C. C

._ __._ _-
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Table 8.5 (continued,

74ME re(L LCCV2 LYAR L S HR C aldJ P uTJ17 w$7C LOGALL TGCm PFCmG Lu$PAV TuSPAV hECCa FIC. 00 0.C IC 46 9. 4 4 64.2 429.4 0.0 B110.3 19 C.0 C. 3C8.7 22 28 5.269 I43 1 0.06F20.00 0.C l 3 46 9.0 4 94. C 429. 8 0.0 109s.3 170. 232.6 1. 3C4.7 22 29 5.291 44 t.2 C.C8730 00 0.014 462.5 484.7 4 30. 8 C.C ICec.I 169 226.3 1. 3C8.8 22 .30 - 5.34t 149 5 C.C.4740.00 0.Cil 460.5 481.6 429.3 0.0 L060.1 25. 0. 0 C. 3C8.9 22.31 5.36F 143.6 0.06F50.00 C.CIC 4tc.t 461.1 428.7 0.0 1064.5 19 0.0 0. 3C8.9 22.31 5.367 143.4 C.C6760.00 0.010 459.9 448.0 424.2 C.C ICFa.8 19 0.0 0 309.0 22.32 5.367 143.4 0.C8770.00 0.010 *b9.8 481.0 427.8 0.C LC88.C 20. C.C 0. 3C9.C 22.33 5.367 143.6 0.08 F 80. 00 0. C 10 4 59. 7 4 80. 9 42 F.* 0.0 109F.5 19 0.0 0. 3C9.C 22.33 5.367 143.6 0.C4790 00 0.010 451.7 480.9 427.1 C. C llc 6.9 20 0.0 C. 309.1 22.14 5.367 143.4 C.C8800 00 0.010 45d.6 480.8 426.7 0.0 1881.6 68. 236.0 1. 3C9.1 22.34 5.370 143.6 0.C484C.00 0.C13 459.4 480.5 428.1 0.0 1074.8 166 228.6 1. 3C9 2 22.35 5.425 143.9 0.C4820.00 0.012 457.5 478.7 427.3 0.0 105F.8 46 0.0 0 3C9.3 22.36 5.463 444 4 C.CSu30.00 0.016 456.. FF.9 426 3 C.C 1C6d.1 20. 0.0 C. 3C9.3 22.37 5.442 144.1 C .C -4840.00 0.C 40 456.5 4 7 7. F 42 5.9 0.0 107F.4 19 C.0 C. 3C9.4 22.3F 5.462 144.1 0.CI 8850.C0 0.CLC 456.4 477.7 425.5 0.0 1086.7 19 0.0 9 3C9.4 22.34 5.462 B44 4 C.CJ- 8460.00 0.010 456.3 477.6 425.1 C.C IC96 1 19 0.0 0. 309.4 22.39 5.462 144.1 . C.CW870 00 0.C10 456.2 47F.6 424.7 0.0 -IRCS.4 FC. C.C C. 3C9.5 22.39 5.462 144.1 0.0888C.C0 C.C10 456.2 477.6 424.4 0.0 1114.9 20 0.0 0. 3C9.5 22.4C 5.462 144 1 0.Ce890.00 0.C l 3 454.C 4 7 7.2 425.5 C. C 1076.6 166 229.5 4. 309.6 22.44 5.512 144.4 C.Ca#0C.DO 0 012 454.9 4F6.8 425.5 0.C EC56.3 66 C.0 C. 309.6 22.41 5.558 144.6 0.0S a t o. C0 C.Cic 453.4 474.7 '*4.C 0.0 1066.6 20. C.0 C. 3C9.7 22.42 5.558 144.4 0.C8920.00 0.0t0 453.8 474.5 423.5 0.0 1075.9 19 0.0 0. 3C9.F 22.43 5.558 144 4 C.C4930.00 J.030 453.0 474.4 423.2 C.C LC05.2 19 C.0 C. 309.8 22.44 5.557 144 4 C.C4940.00 0.010 452.9 474.4 422.8 0.0 1094.4 19 0.0 C. 3CS.8 22.44 5.557 144.6 0.C8950.00 C.CAC 452.9 474.4 422.4 0.0 1803.8 19 0.0 0 3C9.9 22.45 5.557 144.4 C.C8960.00 0.010 452.8 4F4.3 422.C C.C 4113.2 19 0.0 C. 309.9 22.45 5.557 144.6 C.C
,

8970.00 0.013 452.6 474.0 422.9 0.0 ICat.) 166. 23C.4 1. 3to.C 22.46 5.599 144.9 0.08980.00 C.C14 451.6 473.0 423.3 0.0 1050.3 154 0.0 C. Etc.C 22.47 5.453 145.2 0.08990.00 0.010 45C.C 474.5 421.7 C.C AC65.0 21. 0.0 C. 340.1 72.48 5.653 145.2 C.C9000.00 0.010 449.8 471.2 421.2 0.0 1C74.2 19 C.0 C. 310.1 22.49 5.653 145.2 0.C9010.00 0.CIC 449.7 4Ft.2 420.8 0.0 1083.4 19 C.0 C. Inc.2 22 49 5.653 145 1 0.0 >=9020.00 0.CR0 449.6 4F1.t 420.5 0. 0 1092.7 19. 0.0 0. 310.2 22.50 5.653 145 1 C.C LR9030.00 0.010 449.5 eft.t 420.1 C.C I!C2.0 19. C.0 C. 110.3 22.50 5.e52 145.3 C.C bJ
9040.00 0.C10 449.4 471.1 419.7 0.0 1141 4 20. C.0 C. SIC.3 22.51 5.e52 145 4 0.C905C.C0 (.C 13 449.2 4 70. 8 420.3 0.0 1084.0 B67. 231.6 1. 310.3 22.32 5.4s3 145 3 C.C.9060.00 0.014 448. 7 4 70.1 421.C C. C 1056.3 155. 225.4 1. 340.4 22.52 5.737 145.6- C.C- 9070.00 0.C10 446.8 46e.3 419.5 C.C IC63.2 22. 0.0 C. Sic.5 22.53 5.748 445.7 0.C9080.00 C.Ctc 446.4 467.9 488.9 0.0 1072.2 20 0.0 C. 310.5 22.54 5.748 145.7 0.C9090.00 C.C10 446.3 467.9 418.5 C.C BC81.5 19 0.0 c. 3L0.6 22.55 5.748 145.7 C.C9800.00 0.010 446.2 467.9 448.1 0.C IC90.8 19 C. 0 C. 380.6 22.55 5.748 445.7 0.09110.00 0. C 1C 446.1 46 7. 7 417.8 0.0 !!OJ.0 19 0.0 C. 3tc.e 22.56 5.748 145.7 0.04120.00 0.010 446.C 467.8 417.4 0.0 1104.3 20. 0.0 ' O. 310.7 22.56- 5.148 145.7 C.C9130.00 0.082 445.8 467.4 417.4 C.C IC96.9 165. 233.3 1. 310.7 22.57 5.764 145.8 C.C9140 00 0.C14 445.6 467.2 418.6 0.0 1063.5 toe. 227.0 8. 310.8 22.58 5.819 146.0 0.09150.0C C.CII 443.5 465.2 417.3 0.0 1060.9 27. 0.0 C. 310.0 22.59 5.843 146 2 C.C9160.00 0.010 443.0 464.7 416.4 C. C ICF0.1 20. 0.0 C. 310.9 22.60 5.843 146.2 C.C9170.00' O.010 442.9 464.6 416.2 0.C 1079.3 20. C.0 C. 31C.9 22.60 5.843 146 2 0.09180.00 0.C10 442.8 464.6 415.8 0.0 1088.6 19 0.0 0. 3tl.C 22.61 5.843 146.2 0.07490.00 0.C10 442.7 464.6 415.5 C.C 1097.8 49 0.0 0. 344.0 22.61 5.843 146.2 C.C'9200.00 0.Cl0 442.6 464.6 415.4 C.0 14 C F. t 19. C.0 C. 314 1 22.62 5.843 146.2 C.09210.00 0.CIC 442.5 464.5 414.8 0.0 1811.7 66. 236.1 t. 314.1 22.63 5.846 146.2 0.0#220.00 0.Cl3 442.4 464.2 416.4 0.0 1072.0 164 228.6 8. 181.2 22.63 5.5CI 144 5 C.C
9230.00 0.012 440.6 462.3 415.3 C.C IC5s.C. 45. C.0 C. 311.2 22.64 5.938 146.7 C.C9240.00 0.010 439.7 461.5 414 3 0.0 106F.9 20. 0.0 C. 311.3 22.65 5.938 146.7 0.C925c.00 0.Cic 439.5 461.4 413.9 0.0 107F.0 20. 0.0 0. 3t!.3 22.66 5.938 144.3 C.C9260.00 0.010 439.4 461.4 413.5 C. C IC8(.! 20. 00 C. 311.4 22.66 5.938 146.7 C.C9270.00 0.C10 439.3 461.4 414.2 0.C IC95.4 19. C.0 C. 311.4 22.67 5.938 146.7 0.0! 1280.00 0.C&C 439.2 461.3 412.8 0.0 1804.6 19. 0.0 0. 314.4 22.68 5.938 146.7 - 0. 0

e 's es * *' *
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Table 5.5 (continued)

flME P8(L LCCvl LYAR L 5HR C ul4J P h7057 h57C LCC8tL TCCh PicmC Lw1Pav TW1PAv ufCC
9290.00 0.010 439.2 461.3 412.5 0.0 !!!).9 20. C.0 C. 311.5 22 68 . 5.938 146.7 0.0
9300.00 0.C13 439.C 460.9 413.4 0.0 4080.0 164. 2 30 .1 1. 188.5 22.69 5.982 144.9 C.C
9310.00 0.01) 438.0 459.8 413.7 C.C IC53 1 113. 0.0 C. 311.6 22,70 6.034 147.2 C.C
4320.00 0.010 436.4 458.3 412.1 C.0 1C45.5 21. 0.0- C. 311.7 22.Ft 6.033 147.2 0.C
9330.00 C.C&C 436.1 458.1 414.6 0.0 1074.5 20. C.0 ' O. 381.1 22.72 6.C33 147.2 0.C
9340.00 0.C10 434.0 458.I 411.2 C. C IC83.6 -' 20. 0.c 'O. 311.7 22.72 6.C33 141.2 C.C
4350.00 0.010 435.9 458 1 450.9 0.0 IC92.8 19. C.0 C. 311.8 22.73 6.033 147.2 0.0
9360.00 0.Ctc 435.9 458.1 410.5 0.0 !!04 0 19 C.0 C. 381 8 2J.73 6.C33 147.2 0.0
9370.00 0.Cic 435.8 458.1 410.2 0.0 titt.2 20. . 00 0. 311.9 22.74 6.C33 I47.2 C.C
9180.00 0.013 435.5 457.7 410.4 C.C LCSC.C 165. 232.0 1. 311.9 - 22.75 4.061 147.4 C.C .
9390.00 0.013 435.2 457.1 411.4 0.0 1058.0 459 225 8 1. 312.C 22.75 6.815 147.6 0.0
9400.C0 0.080 433.I 455.2 409.4 0.0 BC6u.6 26. 0.0 C. 312.C 22.76. 6.131 147.7 C.C
9410.00 0.010 432.7 454.8 409.3 C.C IC49.7 20. .0.0 C. 112.1 22.77- ' 6.131 147.7 0.C
9420.00 0.010 432.6 434.7 404.9 0.C 107e.s 19. 0.0 C. 312.B 22.78 6.131 44 7.f i 0.0
06 3 .00 'O.Ctc 434.5 454.8 408.6 0.0 108n.0 19 0.0 c. 312.2 22.78 6.131 147.7 0.0
944w.00 0.030 432.4 454.8 408.3 C.C LC9f.1 20 0.0 0. 312.2 22.79 6.13L 147.1 C.C
9450.00 0.010 432.3 *%4.7 407.9 0.0 11C6.3 20. C.0 C. 312.2 24.8C 6.131 147.7 0.0 .
9460.C0 C.Ctc 432.2 454.8 40F.6 0.0 1813.5 20. 236.9 1. 312.3 22.8C 6.131 147.7 0.0
9470.00 0.C13 4 32. 4 454. 3 408.8 0.0 1073.3 162. 228.8 1. 312.3 22.81 6.186 148.C C.C
9480.00 0.012 433.3 452.6 408.2. C.C IC56.7 55. C.0 C. 312.4 22.82 6.227 148.2 C.C
9490.00 0.C10 429.4 451. 7 40 7.1 0.0 1066.8 22. 0.0 C. 312.5 24.83 6.226 148.2 0.0
950C.C0 0.040 449.2 451.5 406.6 0.0 107b.9 20. J.0 0. 312.5 22.83 6.224 148.2 C.C
9510.00 0.010 429.1 45I.5 406.3 C. C LC85.C 20. 0.0 0. 312.5 22.84 6.226 148.2 C.C
95 2 0. 0C 0.C10 429.1 451.5 406.0 0.C 1C94.2 40. 0.0 C. 182.6 22.85 6.226 148.2 0.0
9550.00 0.CIC 428.9 451.9 405.6 0.0 1103.2 20. 0.0 C. 312.6 22.85 6.226 148.2 0.0
9540.00 0.CLC 428.9 451.5 405.3 C.C 1852.5 20. 0.0 0. 342.7 22 86 6.224 148.2 - C.C
9350.00 0.Cl3 428.T 45t.1 406.0 C.C LCt4.9 164 231.1 1. 312.7 22.87 6.262 148.4 0.0
9560.00 C.C13 445.0 450.4 406.5 0.0 1C53.6 151. 224.8 1. 312.8 28.87 6 317 148.7 0.0
9570.00 0.0I0 426.2 448.5 404.9 0.0 1063.9 23. 0.0 0. 312 8 24 88 6.322 148.8 C.C
9580 00 0.010 445.7 448.t 404.2 0.0 1072.9 2C. C.0 c. 312.9 22.89 6.322 148.8 0.C
9590.00 0.01u 425.5 448.C 403.8 . u.0 1084.0 20 C.0 C. 312.9 22 90 6.322 148.8 0.0 p.
9600.00 0.Ctc 425.3 447.9 405.4 0.0 1091.1. 20. 0.0 O. 383.C 22.90 6.321 144.0 C.C (n
9610.00. 0.010 425.1 447.8 403.1 C.C ttCC.2 20. 0.0 0. 313.0 22.91 6.321 148.8 C.C 6J
+620.00 0.010 444.8 447.8 402.7 0.C 1109.3 21. 0.0 C. 313.C 22.92 6.321 148.7 0.C
9630.00 0.C ll 444.3 44 7. 0 402. 5 0.0 1097.0 161. 233.3 1. 313.1 22.92 6.338 148.8 0.C
9640.00 0.013 423.7 446.7 403.5 C.C 1C63.5 164 226.9 1. 313.1 22.93 6.393 149.1 C.C -

9650.00 0.081 419.4 442.3 400.5 0.C 105d.9 3C. C.0 0. 313.4 24 94 6.420 149.3 0.0
9660.00 0.C10 485.2 440.8 399.0 0.0 1066.2 20. C.0 C. 313 3 22.95 6.42C 149.3 0.0
9670.00 0.010 417.9 440.6 348.5 0.0 107F.3 20. 0.0 C. 313.3 22.95 6.42C 149.3 C.C
9680.00 0.010 417.8 440.5 398.1 C.C LC86.4 20. C.0 C. 313.3 22.96 6.419 149.3 C.C
9690.00 0.010 417.6 440.5 39F.8 0.0 4095.5 20. C.0 C. 313.4 22.97 6.419 149.3 0.0
9700.00 0.040 417.3 440.4 397.3 0.0 1804.6 20 0.0 C. 313.4 22.97 6.419 149.3 C.C
9710.00 0.010 417.2 440. 3 39 F.C C.C 1843.8 20. 0.0 C. 313.5 22.98 6.419 149.3 C.C
9F20.0C 0.013 416.6 459.4 197.5 0.0 AC79.9 162. 23C.8 1. 313.5 22.99. 6.464 149.5 0.0
9F30.C0 0.Cl3 444.6 437.0 396.9 0.0 1044.1 149 0.0 - O. 383.4 23.CC 6.518 149.8 0.0
9740.00 0.080 ett.1 433.9 344.C C.C IC63.5 22. 0.0 C. 313.6 23.C0 e.517 149.8 C.C
#F50.00 0.014 410 8-483.6 593.5' O.O 1012.7 2C. C.0 C. 313.7 23.Ct 6.517 149.8 0.0
9760.00 0.070-4tc.6 453.5 595.1 0.0 1084.s 20 0.0 0. 313.1 23.C2 6.547 149.8 0.0 .

9F70.00 0.010 4tC.3 433.4 392.7 0.0 1090.4 20. 0.0 0. 313.5 23.02 6.587 149.8 C.C
9780.00 0.010 410 1 433.3 392.3 0.0 11CO.C 2C. 0.0 C. 313.8 23.03 6.517 149.8 0.C
9790.00 0.080 409.9 439.3 391.9 0.0 1104.2 20. 0.0 C. 313.8 23.04 6.517 149.8 0.C
9800.00 0.012 409.7 432.9 382.C 0.0 5 0 H .0 158 233.3 1. 313.9 23.04 6.534 149.9 C.C '

9810.00 0.013 409.0 451.8 3*2.4 C.C l ts 3. 3 '460. 226.9 4. 313.9 23.05 6.589 150.2' C.C
9e20.00 0.041 406.8 429.4 390.9 0.0 1Ces.7 22. 0.0 C. 314.C 23.C6 6 613 150.3'~ O.0-
9830.C0 0.CLC 406.8 429.7 390. 7 0.0 tols.2 20. 0.0 C. 314.1 23.C7 6.413 15C.3 0.0 <"'
9840.00 0.C09 406.8 429.9 340.4 C.C LC80.5 2C. 0.0 0. 314 1 23.08 6.613 150.3 C.C
9850.00 0.009 406.d 450.0 390.2 0.0 tC89.8 20. C.0 C. 344.1 23.08 6.612 150 3 ' O.0

. 1s 60. C 0 C.CCU 4C6.5 429.9 389.8 0.0 IU99.u 21. 0.0 C. 314.2 23.C9 6.817 150.3 0.0
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Table 8.5 (coattausd) , ~ , .
>

114E PhiL' LDCv2 LVAR L$H4U ~ hjbj P h705I h)FC LCC#1L Isth PFLhG b3 PAW th5PA9 - UECC
9470 00 0.009 406.3 429.9 18 8.4 0.C LICS.2 21. C. 0 C. 384.2 - 23.C9 6.412 150.3 0.C -AJ
964C.C3 C.Cta 405.0 429.6 341.3 0.0 1101.2 144. 234.1 1. 314.2 23.tC 4.426 15C.4 0.C
9590.00 . 0.C l 3 404. 5 42 7.4 389.1 0.0 1065.0 159. 227.4 1. 314.3 23.18 ' 6.e72 15C.7 C.C !9900.C0 0.C11 403.6 426.4 348.F C.C LC60.2 25. C.0 C. 314.4 23.12 - 6.708 150.9 C.C
9910 06 0 010 403.5 446.6 348.4 0.4 1070.1 20. C.0 C. 344.4 23.13 6.7084150.0 0.C -
9920 00 0.009 403.5 426.7 108.1 0.C 1079.4 20. 0.0 0, 314 3 23.13 t.7Ce 85C.e C.C

-i 9930 00 0.004 403.5 426.9 397.9 C.C 1044.8 20. 0.0 0. 314.5 23.14- ' 6.708 150.e C.C
9960 00' O.004 405.2 426.F 337.5 0.C ' 1094.1 2t. - 0. 0 C. 314.5 23.15 4.708 150.0 0.C k ~
9950.C0 0.CC% 403.C 426.7 387.1 0.0 1107.4 24. 0.0 0 314.4 ' 23.15 4.307 15C.8 0.C .
9960 00 0.C10 432.d 426.5 3d6.8 C.C 11C7.e 96. 235.3 1. 314.6 23.16 4.713 15C.8 C.C -
9970.00 ' O.013 401.0 424.4 386.d C.C t oen. F 16C, 22F.9 1. 314.7 23.17 6.768 151.1 0.C |
996C.C0 0.641 4CC.2 423.2 38s.4 0.0 1058.J 34. 0.0 C. 384.7 , 23.44 . 6.80 3 lit.3 . 0.C
9990.00 0.CtC 4CC.2 423.3 386.1 0.0 106d.7 21. 0.0 C. 314.8 23.18 - 4.4C 3 151.3 C.C

10000 00 0.C09 4CC.2 423 5 345.4 00 IC7d.2 2C. C.0 C. 4.8_
10010 00 0.C09 400.2 423.6 385.6 0.0 108F.6 24. 0.0 C. '

23.19 6.003 154.3 C.C
23.20 6.nel 151 5 0.0 *

10020.00 0.004 359.9 423.5 385.2 0.0 1097.0 21. 0.0 C. 23.20' 6.403 151 3 C.C <..
! LOW 50.00 0.009 399.7 423.5 3ae.t C.C 11C6.4 21. 0.0 c. st5.0 23.21 5.003 151.3 C.C

10040.00 0.009 399.4 423.4 334.4 0.C 4115.9 24. 236.9 4. Sal.C 23.22 6.803 15t.3 . 0.0 'g ,1005C.CO 0.013 394.0 428.3 344.4 0.0 1071.7 158. 228.5 1. '315.C 23.22 6.259 151 6 . 0.0 '

tuo60.00 0.011 197 1 420.2 Sct.2 C.C ICbd.4 39 0.0 9. 315.1 23.23 6 896 151.0 0.C
l 10070 00 0.010 397.4 420.4 383.9 C.C ACev.4 21. 0.0 C. 315.2 23.24 . 6.896 151 8 ' O.0

10080.00 C.C05 397.4 420.5 383.6 0.0 1079.0 21. C.0 0 349.2 23.25 - 6.495 15*.4 0.C
10090 00 0.C04 394. 9 420.5 383.3 0.C 6C8e.4 21. 00 0. 315.3 23.26 6.495 151.E t.C *

'

10100.00 0.009 396.6 420.4 382.4 0.C 4CS7.9 21. C. 0 C. 315.3 23.26 6.895 151.0 ' C .C
10180 00 C.C09 396.3 420.4 382.5 0.0 !!07.3 22. C.0 C. 115.3 23.27 6.895 151.4 0.C -
Lut20.00 0.010 396 2 420.2 112.2 0.0 llc 4 .0 93. 235.1 1. 115.4 23.27 6.901 151.E C.C t10130.00 0.013 194.6 418.1 342.1 C.C LC6F.9 156. 227.8 1. 315.4 23.?3 6.956 152.1 0.C

$ 10140 0C 0.011 393.9 417.1 381.4 0.C LC59.5 30. 0. 0 - C. 315.5 23.29 6.988 152.3 0.C#

10150.00 0.Ctc 393.8 417.2 348.6 0.0. 1069.9 24. 0.0 0. 385.5 23.3C 6.900 152.3 0.C*.

EJt60.00 0.C09 393 8 417.4 381.3 C.C LC79.5 21. 0.0 ' O. 315.6 23.11 6 948 152.3 0.Cag
10170.00 0.009 193.6 417.4 380.5 0.0 LC S #.1 21. C.0 C. 345.4 23.31 ~ 6.988 152.3 0.0,' * 10180.C0 C.Cu% 393.4 417.3 340.5 0.0 1095.6 21. 0.0 3. 385.7 2 3 f12 ~ 6.984 152.3 0.C

*
"*

10190.00 L.C04 343.!>417.3 380.2 0.0 1104.2 21. 0.0 0. 315.7 23.33'. '6.980 152.3 . C.t - )$
-=

~ '
'%- 10200.00 0 0!! 392.6 417.C 360.1 00 titt.3 136 234 1 1.- -315.7 23.33 6.999 152.4 C.C

10240.00 0.013 391.2 444.6 3F9.8 0.0 1063.0 155. 227.0 1. '34%.8 23.34 7.C54 152.7 0.C
30220.00 0.011 34C.5 4ti.E 379.4 0.0 1060.0 26 0.0 0. 315.8 23.35 7.C8C 152.4 C.C
60230 00 0.010 390.5.414.C 519 1 C.C IC70.2 21. C.0 C. 315.9 23.36 7.080 152.8 0.C
10240.00 0.009 390.4 414.8 378.9 0.0 4079.9 2L. 0.0 C. 316.C 23.37 7.080 152.8 0.0
1025C.00 . 04C09 19C.4 414.3 178.7 0.0 1089.7 21. 0,0 - O. 316.C 23.37 7.C4C 152.0 C.C*

10260.00 0.009 390 1 484.J 3F8 3 C. C IC99.5 22. 0.0 C. 316.0 2 3.38 . 7.060 152.0 C.C10270.00 .0 009 389.9 414.1 377 8 0.C 11C9.0 22. C.0 C. 316.1 . 23.39 7.080 152.8 0.01028C.00 0.Cl2 365 1 483.5 377.F 0.0 1096.2 151. 233.1 1. 384.3 23.39 7.C17 152.9 0.C* t* 19290.00 0.013.3af.9 411.3 377.5 0.C IC59.7 153. 226.2 1. 316.2 23.40 7 152 153.2 C.C.
10500.00 0.010 387.4 410.9 377.2 0.0- IC62.7 23 C.0 C. -316.2 23.*t 7.170 153.3 ' O.0 .10310.00 C.C09 387.4 411.t 176.9 0.0 1972.7 22. C.0 C. 316.3 23.42 7.nFC 153.3 - 0.010320.00 0.C09 3*7.4 418.3.376.7 0.0 . 1082.6 21. 0.0 C. 386.3 23.43 7.tFC 153.3 C.C
40330.00 0.009 30. 2 411.3 3F6.3 C.C LC92.5 22. C.0 C. 316.4 ~ 21.4 3 '7.170 15*.3 C.C
10340.00 0.009 386.' 411.2 375.9 0.0 1802.0 22. 0.0 C. 344.4 23.44 7.170 153.3 C.C'10350.00 0.C09 386.# 411.4 3FS.5 0.0 1111.8 22. 0.0 - O. 386.4 23.44 7.170 153,3 C.C10360.00 0.083 385.5 409.8 3F5.4 C.C IC04.3 156 230.9 1. 316.5 23.45 7.203 153.5 0.C10370.00 0.013 384.5 407.9 3F5.3 00 tC50.8 138 224.2 8. 346.5 23.46 F.257 153.8 0.0
10380.C0 0.CLC 384.2 407.9 374.9 0.0 ' 1063.1 22. 0.0 0 386.4 - 23.47 7.240 153.8 0.C
10390.00 0.C09 384.2 4CS.t 374.4 00 1C35.1 22. 0.0 0. 316.6 23.48 ' 7.24C 153.4 C.C '|10400.00 0.009 384.2 408.3 374.4 0.0- LC85.0 22. C.0 C. 316.7 23.48 7.260 153.8 0.0
10410.00 ; 0.CC9 384.0 40d. 3 3 F4.1 0.0 - 1094.9 ?2. C.0 C. 386.7 23.49 1.260 153.9 0.010420.00 0.C09 30 3. 7 408.1 373.6 . 0.0 1104.7 - 23. 0.0 0. 316.8 . 23.50 7.26C 153.0 C.C10430.00 0.009 383.4 408 1 373.2 C.C L114.5 23. C.0 O. 316.8 23.50 7.260 153.8 . 0.C# D440.00 0.013 382.L 406.1 373.1 00 1072.8 152. 228.7 , 1. 316.8 23.5% .7.309 154.0 0.0
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fable 8.3 (continued)

714E PhEL LDCV2 LTAR L$H4C WINJ P M7C57 W$7C LOCR EL 7GCW P7CbG LW$PAV 7W$p4W bECC10450.00 0.011 381.3 404.9 3 F2. 9 C.C IC5e.1 42. 0.0 0. 316.9 23.52 7.347 154.2 0.C10460.00 0.010 381.2 405.8 172.6 0.0 1C69.7 22. C.C C. 317.C - 23.51 '7.347 154 2 ' O.010470.00 0.C09 381.2 405.3 372.4 0.0 40F9.8 22. 0.0 0. 317.C 23.54 7.347 154 2 0.C40480.00 0.009 381.3 40%.4 372.1 C.C IC89.7 22. 0.0 0. 387.0 23.54 7.347 154.2 - 0.C4D490.00 0.009 380.8 405.3 371.7 0.C 1C99.6 22. C.0 0. 317.1 23.55 7.347 154.2 0.010500.00 0.CC9 380.5 405.2 3FI.3 0.0 !!09.6 23. 0.0 0. 337.1 23.56 7.347 154.2 0.0.10540.00 0.012 379.6 40+.3 371.2 0.0 1091.3 152. 232.7 1. 347.2 i3.56 7.369 154.3 C.C
10520.00 0.013 378.5 402.2 3F1.0 0.0 1055.3 141. 225.2 1. 317.2 2 3.5 F 7.423 154.6 0.0
10530.00 C.CIC 378.3 402.2 370.7 0.0 1064.0 23. 0.0 C. 317.3 23.58 7.434 154.7 - 0.010540.00 0.001 3F8.3 402.4 3 F0. 5 0.C 1074.3 22. 0.0 0. 387.3 23.59 7.434 154.7

'. C. C10550.00 0.009 3Fd.1 402.6 3FO.2 C.C IC64.3 23. C.0 C. 317.4 23.60 7.434 154.7 - 0.CID560.00 0.009 378.0 402.5 369.8 n.C 1094.4 23. C.0 C. 387.4 23.60 7.434 154.7 0.010570.CO. 0.C09 377.7 402.4 369.4 0.0 1804.4 23. 0.0 C. 317.4 23.61 7.434 154.1 - 0. C
10580.00 0.009 3FF.3 402.3 349.C C.C !!!4.4 23. 0.0 C. 31F.5 23.61 7.434 154.7 C.C10590.00 0.013 376.2 400.4 368.9 0.C LCF4.2 150. 228.9 1. 317.5 23.62 7.481 154.9 0.0
10600.00 0.Cl2 375.2 339.C 368.6 0.0 1056.2 St. 0.0 C. 387.6 23.63 7.523 155.1 0.0
10610.00 0.C09 375.2 397.2 368.4 0.0 1C68.4 23. 0.0 0. Str.6 23.64 7.521 155.1 C.C
10670.00 0.049 375.1 399.4 368.4 0.0 1078.7 22. C.C 0. 317.7 23.69 7.521 155.1 0.0
10s a).00 0.C0% 375.1 399.6 367.9 D.0 108R.8 23. 0.0 C. 347.7 23.65 7.521 155.1 0.010640.00 0.C09 374.7 399.5 367.4 0.0 1098.9 23. 0.0 C. 387.8 23.66 F.521 155.1 C.C10650.00 0.009 374.4 399.* 367.1 C.C tlc 3.0 24 C.0 0. 317.8 23.67 7.525 155.1 0.C.
10660.00 0.012 373.8 398.5 366.8 0.C 1095.5 145. 232.4 1. 317.8 23.67 7.540 155.2 0.010670.00 0.C l 3 3 F2.7 396.6 366.8 0.0 1055.8 140 225.3 1. 387.9 23.68 7.595 155.S . C. C10680.00 0.010 372.3 396.4 366.4 C.C 1C64.7 24 0.0 0. 317.9 23.69 7.605 151.6 C.C10690.00 0.009 372.3 396.6 166.2 0.0 107%.I 23. 0.0 C. 318.C 23.70 7.605 155.6 0.010700.00 0.C09 372.2 J96.8 366.0 0.0 test.4 23. 0.0 0. 3te.C 23.71 7.605 155.6 0.010710.00 0.C09 371.9 396.7 365.5 C.C 4495.6 23. 0.0 0. 318.1 23.71 7.605 155.6 C.C '
40720.00 0.009 371.6 396.7 365.1 0.0 !!CS.8 23. C.0 C. 318.1 23.72 7.605 155.6 0.0
10730.00 C.C39 371.4 396.7 364.7 0.0 1844.8 54 236.1 4. 338.8 23.73 7.608 155.6 0.0
80740.00 0.Cl3 370.0 394.2 364.7. 0.0 1065.4 146. 227.3 1. 138.2 23.73 7.663 155.9 C.C
10750.00 0.010 369.3 393.4 364.4 C.C IC60.4 29. C.0 C. 118.3 23.74 7.690 156.C 0.C . > .10760.00 0.009 369.3 393.6 364.2 0.0 1071.4 23. C.0 C. 318.3 23.75 7.690 156.0 0.C (n10770.00 0.C09 369.3 393.9 363.9 0.0 ,1081.8 23. 0.0 C. 318.4 23.76 7.69C 156.C C.C km10780.00 0.009 369.1 194.6 363.6 C.C 1C92.2 23. 0.0 C. 3t8.4 2 3.7 F . 7.690 IS6.C- C.C10790.00 0.009 368.8 393.9 363.2 0.0 11C2.4 24 0.0 C. 318.4 23.77 7.689 154.0 0.0
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APPENDIX C. GLOSSARY OF ACRONYMS |

6

AC Alternating current
ADS Automatic depressurization system

o; ANS American Society of Mechanical Engineers
ATWS Anticipated transient'without scram
BWR Boiling water reactor;

CBP . Condensate booster pump
CP Condensate pump

7
'

CRD Control rod drive

| CRDHS Control rod drive hydraulic system
CS . Core spray.
CST Condensate storage tank

-.DHR Decay heat removal (from the pressure suppression pool).
ECCS Emergency core cooling systems (typically refers to the_ HPCI,

LPCI, and CS systems),

E01 Faergency operating instruction -
| EPGs Faergency Procedure Guidelines (published by the GE BWR Owners

Group)
FSAR Final-Safety Analysis Report
GE General Electric Company

; HPCI High pressure coolant injection
'

LOCA Loss of coolant accident
LPCI Low pressure coolant injection (emergency coolant inj ection

) operating mode of the RHR system)
LPECCS Low pressure emergency core cooling systems (includes LPCI and

CS systems),

MFP Main feedwater pump
MSIV Main steam isolation valve

I
NPSH Net positive suction head

'

ORNL Oak Ridge National Laboratory
01 Operating instruction
PCS Primary coolant system
PSP Pressure suppression pool
RBCCW Reactor building closed cooling water (provides cooling water

to the drywv.11 atmosphere coolers)
RCIC Reactor core isolation cooling (steam-driven high . pressure

injection system)
RHR Residual Heat Removal (multi-purpose heat removal and/or

injection system with .various operating modes - for example'

the LPCI mode or-the' PSP cooling esde);

SASA' Severe accident sequence analysis
i . SB - Small break (typically used to describe loss of coolant acci-

dents)
SLC Standby liquid control (system provided to pump sodium.

:pentaborate' solution into the reactor vesdel, if necessary)
;- 'SRV Safety relief valve

TAF. . Top 'of active fuel (i.e. the elevation thereof)i *

TVA- Tennessee Valley Authority '

I

9
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The BWR-LTAS code was developed by t SASA program at Oak Ridge National
Laboratory for the detailed study of sp ci accident sequences at Browns Ferry#
Unit One: station blackout, small bre LOCe outside primary containment, loss
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