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) 14 SAFETY ANALYSIS

14.1 CORE AND COOLANT BOUNDARY PROTECTION ANALYSIS

14.1.1 ABNORMALITIES

In previous sections of this report both normal and abnormal operations of
the various systems and components have been discussed. This section sum-
marizes and further explores abnormalities that are either inherently

1 terminated or require the normal protection systems to operate to maintain
integrity of the fuel and/or the reactor coolant system. These abnormali-
ties have been evaluated for rated power of 2,452 Mwt. Whenever a fission,

product release to the environment is postulated, the release is based
upon the fission product inventory associated with the ultimate reactor
core power level of 2,568 Mwt. Fission product dispersion in the atmos-
phere is assumed to occur as predicted by the dispersion models developed
in 2.3. Table 14.1-1 summarizes the potential abnormalities studied.

TABLE 14.1- 1
ABNORMALITIES AFFECTING CORE AND COOLANT BOUNDARY

'

Event Cause Effect,~

k%J
Uncompensated Oper- Fuel depletion Reduction in reactor system
ating Reactivity or xenon build- average temperature. Automatic

I Changes up reactor trip if uncompensated.
i No equipment damage or radiolog-

ical hazard.

Startup Accident Uncontrolled Power rise terminated by nega-
rod * withdrawal tive Doppler effect, reactor

trip from short period, high
. reactor coolant system pressure,
or overpower. No equipment
damage or radiological hazard.

Rod Withdrawal Acci- Uncontrolled Power rise terminated by over-
dent at Rated Power rod withdrawal power trip or high pressure

trip. No equipment damage or
radiological hazard.

Moderator Dilution Equipment mal- Slow change of power terminated
Accident function or by reactor trip or. high tempera-

operator error ture or pressure. During shut-
down a decrease in shutdown
margin occurs, but criticality
does not occur. No radiological

f~~g hazard. '

N_-| ~
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Core and Coalant Boundary Protection Analysis

TABLE 14.1-1 continued

Event Cause Effect

Loss of Coolant flow Mechanical or None. Core protected by
electrical fail- reactor low-flow trip. F-
ure of reactor radiological hazard.
coolant pump (s)

Stuck-Out, Stuck-In, Mechanical or None. Suberiticality can be
or Dropped-In Control electrical achieved if one rod is stuck-
Rod failure out. If stuck-in or dropped-in,

continued operation is permitted
if effect on power peaking not
severe. No radiological hazard.

Loss of Electric Miscellaneous Possible power reduction or
Power faults reactor trip depending on con-

dition. Environmental effects
d2 scribed in 14.3.3 and Table
14.3-1.

Steam Line Failure Pipe failure Reactor automatically trips if
rupture is large. Environmental
effects indicated in Section
14.3.4 and Table 14.3-1.

Steam Generator Tube Tube failure Reactor automatically trips if
Failure leakage exceeds normal makeup

capacity to reactor coolant sys-
tem. Environmental effects
described in 14.3.'! and Table
14.3-1.

* Control rod, rod, and control rod assembly (CRA) are used interchangeably
in this section and elsewhere in the report.

A control rod group consists of a symmetrical arrangement of four or more
control rod assemblies. See 7.2.2.1.2.

14.1.2 ANALYSIS OF EFFECTS AND CONSCQUENCES

14.1.2.1 Uncompensated Operating Reactivity Chances

14.1.2.1.1 Identification of Cause

During normal operation of the reactor, the overall reactivity of the core
changes because of fuel depletion and changes in fission product poison
concentration. These reactivity changes, if left either uncompensated,

O
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Core and Coolant Boundary Protection Analysis |q
kj or overcompensated, can cause operating limits to be exceeded. In all

cases, however, the reactor protective system prevents safety limits from
being exceeded. No damage occurs from these conditions.

14.1.2.1.2 Analysis and Results

During normal operation, the automatic reactor control system senses any
reactivity change in the reactor. Depending on the direction of the reac-
tivity change, the reactor power increases or decreases. Correspondingly,
the reactor coolant system average temperature increases or decreases, and

,

the automatic reactor control system acts to restore reactor power to the '

power demand level and to re-establish this temperature at its set point."

If manual corrective action is not taken or if the automatic control sys-
tem malfunctions, the reactor coolant system average temperature changes
to compensare for the reactivity disturbance. Table 14.1-2 summarizes
these disturbances.

TABLE 14.1-2
UNCOMPENSATED REACTIVITY DISTURBANCES

Maximum Rate of Average
Reactivity Rate, Temperature Change

N Cause (Ak/k)/sec (Uncorrected), F/sec

Fuel Depletion -6 x 10'9 -0.0006

Xenon Buildup -3 x 10-8 -0.003

These results are based on +6 x 10-5 (Ak/k)/F moderator coefficient and
-1.14 x 10-5 (Ak/k)/F Doppler coefficient. The nominal value of +6 x
10-5 (Ak/k)/F ' tepresentative of the moderator coefficient at the begin-.

' ning of core ..re for an equilibrium cycle. This value is also valid at
BOL'for the first cycle after 15 days. A higher value [+10 x 10-5 (Ak/k)/F],

'

exists at the start of the first core cycle. However, the effect of this
slightly higher value has been shown to be of minor importance by the eval-,

uation of the sensitivity of the reactor to moderator coefficient variations.;

These reactivity changes are extremely slow and allow the operator to detect:

| and compensate for the change.

i 14.1.2.2 Startup Accident

' 14.1.2.2.1 ' Identification of cause

The objective of a normal startup is to bring.a subcritical reactor to the
critical or slightly supercritical condition, and then to increase power

q in a controlled manner until the desired power level and system operatingU.

000 01 M
'
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Core and Coolant Boundary Protection Analysis

temperatures are obtained. During a startup, an uncontrolled reactivity
addition could cause a nuclear excursion. This excursion is terminated by
the strong negative Doppler ef fect if no other protective action operates.

The following design provisions minimize possibility of inadvertent con-
tinuous rod withdrawal and limit the potential power excursion:

a. The control system is designed so that only one control
rod group can be withdrawn at a time, except that there
is a 25 percent overlap in travel between two successive
rod groups. This overlap occurs at the minimum worth
for each group since one group is at the end of travel
and the other is at the beginning of travel. The maximum
worth of any single control rod group is 1.27 Ak/k when
the reactor is critical as specified in 7.2.2.1.3.

b. Control rod withdrawal rate is limited to 25 in./ min.

c. A short-period withdrawal stop and alarm are provided in
the source range.

d. A short-period withdrawal stop, alarm, and trip are
provided in the intermediate range.

A high flux level and a high pressure trip are providede.
in the power range.

The reactor protection system is designed to limit (a) the reactor thermal
power to 114 percent of rated power to prevent fuel damage, and (b) the
reactor coolant system pressure to 2,515 psia.

14.1.2.2.2 Methods of Analysis

An analog model of the reactor core and coolant system was used to deter-
mine the characteristics of this accident. This analog model used full
reactor coolant flow, but no heat transfer out of the system and no sprays
in the pressurizer. The rated-power Doppler coefficient [-1.14 x 10-)
Gk/k)/F) was used although the Doppler is much larger than this for the
principal part of the transient. The rods were assumed to be moving along
the steepest part of the rod-worth vs rod-travel curve. A reactor trip
on short period was not incorporated in the analysis. The nominal values
of the principal parameters used were: 0.3 see trip delay, +6 x 10-5
Gk/k)/F moderator coefficient, and -1.14 x 10-5 Ok/k)/F Doppler coeffi-
cient. The total worth of all the control rods inserted into the reactor

following any trip is 8.47. Ak/k without a stuck control rod, or 5.47core

Ak/k (the nominal case in this study) with a stuck rod.

14.1.2.2.3 Results of Analysis

figure 14.1-1 shows the results of withdrawing the maximum worth control
rod group at a rod speed of 25 in./ min from 1 percent subcritical. This

m ms
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Core and Coolant Boundary Protection Analysis
f
f i group has a maximum worth of 1.2% Ak/k. This rod velocity and worth

' result in a maximum reactivity addition rate of 5.8 x 10-5 Gik/k)/sec. The
Doppler effect begins to slow the neutron power * rise, but the heat to the
coolant increases the pressure past the trip point, and the transient is
terminated by the high pressure trip.

Figure 1.4.1-2 shows the rcsults of withdrawing all 69 control rod assemb-
liis (with a total worth of 10.0% ak/k) at the maximum speed from 1 percent
sub-ritical. This results in a maximum reactivity addition rate of 5.8 x
10-4 Lak/k)/sec. About 15.3 sec after passing through criticality, the
acutron power peaks at 147 percent, where the power rise is stopped by the
negative Doppler ef fect. The high neutron flux trip takes effect 0.25 see
after the ieak power is reached and terminates the transient. The peak
thernal heat flux is only 16 percent of the rated power heat flux.

A sensitivity analysis was performed on both of these startup accidents to
determine the effect of varying several key parameters. Figures 14.1-3
through 14.1-6 show typical results for the single group, 1.2% ak/k startup
accident.

Figures 14.1-3 and 14.1-4 show the ef fect of varying the reactivity addi-
tion rate on the peak thermal power and peak neutron power. This reactiv-
ILy rate was varied from one order of magnitude below the nominal single
rod group case (1.21 Ak/k) to nore than an order of magnitude above the
rate that represents all rods (10.0% ak/k) being withdrawn ac once. The

ry slower rates - up to about 0.5 x 10-3 ( ak/k)/sec - will result in the
( ) pressure trip being actuated, whereas only the very fast rates actuate the
' ' '

high neutron flux level trip.

Figures 14.1-5 and 14.1-6 show the peak tharmal power variation as a func-
tion of a wide range of trip delay times and Doppler coefficients for the
1.2s ak/k rod group. Only a small change in power is noted. Figures
14.1-7 and 14.1-8 are the corresponding resulta from the withdrawal of all
rods (10.0; ak/k). Since this transient inserts reactivity an order of
maanitude faster than does the single control rod group case, there is
considerably more variation in the peak thermal power over these wide
ranges. At high values of the Doppler coef ficient, the neutron power rise
is virtually stopped before reaching the high flux trip level. Reactor
power generation continues until sufficient energy is transferred to the
reactor coolant to initiate a high pressure trip. This results in a
higher peak thermal power.

Figures 14.1-9 through 14.1-12 show the peak pressure response to varia-
tions in several key parameters for the case where all rods are withdrawn.
It is seen that the safety valve is opened when these parameters are
changed considerably from the nominal values, excep' -i c he case of the ;

moderator coefficient which has little effect bece n. ;f che short duration
]

of the transient. Again for a high Doppler cc'i, rJ - c, the high pressure '

trip is relied upon.

,n

( i * Neutron power is defined as the total sensible energy release from fission.'N

14.1-5
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Core and Coolant Boundary Protection Analysis

None of these postulated startup accidents, except for reactivity addition
rates greater than 2 x 10-3 (Ak/k)/sec, which is three times greater than
for withdrawal of all .ods at once, causes a thermal power peak in excess
of 40 pcreent rated pover or a nominal fuel rod average temperature greater
than 1,715 F. The nominal 1.2% Ak/k rod group withdrawal causes a peak
pressure o f 2,515 psia, the safety valve set point. The capacity of the
safety valves is adequate to handle the maximum rate of coolant expansion
resulting, from this startup accident. The 10.07. Ak/k withdrawal - using
all 69 rods - causes a peak pressure of only 2,465 psia because the flux
trip is actuated prior to the pressure trip.

It is concluded that the reactor is completely protected against any
startup accident involving the withdrawal of any or all control rods, since
in no case does the thermal power approach 114 percent, and the peak pres-
sure never exceeds 2,515 psia.

14.1.2.3 Rod Withdrawal Accident From Rated Power Operation .

14.1.2.3.1 Identification of Cause

A red withdrawal accident presupposes an operator error or equipment fail-
ure which results in accidental withdrawal of a control rod group while
the reactor is at rated power. As a result of this assumed accident, the
power level increases; the reactor cc lant and fuel rod tem;ieratures
increase; and if the withdrawal is not terminated by the operator or pro-
tection system, core damage would eventually occur.

The following provisiens are made in the design to indicate and terminate
this accident.

a. liigh reactor coolant outlet temperature alarms

b. High reactor coolant system pressure alarms

liigh pressurizer level alarmsc.

d. High reactor coolant outlet temperature trip

liigh reactor coolant system pressure tripe.

f. High power level trip

14.1.2.3.2 Methods of Analysis

An analog computer model was used to determine the characteristics of
accident. A complete kinetics model, pressure model, average fuel rod
model, steam demand coastdown model to 15 percent of rated load, coolant
transport model, and a simulation of the instrumentation for pressure
and flux trip were. included. The initial conditions were normal
ra ted power opera tion without automatic control. Only the moderator

I.) .) 01 0 Ot
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Core and Coolant Boundary Protection Analysis

and Doppler coefficient of reactivity were used as feedback. The nominal
values used for the main parameters were 0.3 see trip delay time, -1.14 x
10-5 Gik/k)/F Doppler coefficient, +6 x 10-5 Cak/k)/F mcderator coefficient,
25 in./ min control rod speed, and 1.27. Ak/k control rod group worth. The
total worth in all the control rods inserted into the reactor core follow-
ing any trip is 8.4% Ak/k without a stuck control rod, or 5.47. Ak/k (the
nominal value used) with a stuck rod.

The foregoing rod speed and group rod worth give a maximum reactivity addi-
tion rate of 5.8 x 10-5 Gak/k)/sec, which is the nominal case. The reactor

protection system is designed to limit (a) the reactor power to 114 percent
of rated power to prevent fuel damage, and (b) the coolant system pressure
to 2,515 psia to prevent reactor coolant system damage.

14.1.2.3.3 Results of Analysis
,

Figure 14.1-13 shows the results of the nominal rod withdrawal from rated
power using the 1.27. 6k/k rod group at 5.8 x 10-5 Gak/k)/sec. The trans-
ient is terminated by a high pressure trip, and reactor power is limited
to 108 percent, much less than the design overpower of 114 percent of rated
power. The changes in the parameters are all quite small, e.g. , 5 F average

reactor coolant temperature rise and 200 psi system pressure change.

/''$ A sensitivity analysis of important parameters was performed around this
(

' nominal case, and the resultant reactor coolant system pressure responses
'"' are shown in Figures 14.1-14 through 14.1-16.

Figure 14.1-14 shows the pressure variation for a very wide range of rod
withdrawal rates - more than an order of magnitude smaller and greater

than the nominal case. For the very rapid rates, the neutron flux level
trip is actuated. This is the primary protective device for the reactor
core; it also protects the system against high pressure during fast rod
withdrawal accidents. The high pressure trip is relied upon for the slower

transients. In no case does the thermal power exceed 108 percent rated
power.

Figures 14.1-15 and 14.1-16 show the pressure response to variations in
the trip delay time and Doppler coefficient. For the higher values of the

Doppler coefficient, the prescure trip is always actuated, and, therefore,
the pressure levels off.

i

An analysis has been performed extending the evaluation of the rod with-
drawal accident for various fractional initial power levels up to rated

power. This evaluation has been performed assuming simulated withdrawal
of all 69 control rods giving a maximum reactivity addition of rate of
5.8 x 10-4 Cak/k)/sec. This rata is a factor of ten higher than used in
the cases evaluated at rated power. The results of this analysis are
shown in Figure 14.1-17 and Figure 14.1-18.

As seen in Figure 14.1-17 the peak thermal power occurs for the rated
,_s

[ ) power case and is well below the maximum design power of 114 percent. The
peak neutron power for all cases is approximately 117 percent of rated'-

003 0171 000u.1 -
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power and represents a slight overshoot above the trip level of 114 percent.
Figure 14.1-18 shows that the maximum fuel temperature reached in the
average rod and the hot spot are well below melting. Even in the most
severe case at rated power, the average fuel temperature only increases by
26 F. It is therefore readily concluded that no fuel damage would result
from simultaneous all-rod withdrawal from any initial power level.

This analysis si - that the high pressure trip and the high flux level
trip adequately atect the reactor against any rod withdrawal accident
from rated power.

14.1.2.4 Moderator Dilution Accident

14.1.2.4.1 Identification of Cause

The reactor utilizes boric acid in the reactor coolant to control excess
reactivity. The boron content of the reactor coolant is periodically
reduced to compensate for fuel burnup. The dilution water is supplied to
the reactor coolant system by the makeup and purification system. This
system is designed with several interlocks and alarms to prevent improper
operation. These are as follows:

a. Flow of dilution water to the makeup *ank must be initi-
ated by the operator. The dilution water addition valve
can be opened only when the control rods have been with-
drawn to the preset position (95 percent) and the timing
device to limit the integrated flow has been set. Dilu-

tion water is added at flow rates up to 70 gpm.

b. Flow of dilution water is automatically stopped when
either the flow has integrated to a preset value or when
the rods have been inserted to a preset position (at
about 75 percent full stroke).

c. A warning light is on whenever dilution is in progress.

2| The makeup and purification system normally has one pump in operation
which supplies up to 70 gpm to the reactor coolant system and the required
flow to the reactor coolant pump and control drive seals. Thus, the total
makeup flow available is limited to 70 gpm unless the operator takes
action to increase the amount of makeup flow to the reactor coolant system.
When the makeup rate is greater than the maximum letdown rate of 70 gpm,
the net water makeup will cause the pressurizer level control to close the
makeup valves.

The nominal moderator dilution accident considered is the pumping of
water with zero boron concentration from the makeup tank to the reactor

coolant system by the makeup pump.

It is also possible, however, to have a slightly higher flow rate during
transients when the system pressure is lower than the nominal value and
the pressurizer level is below normal. This flow might be as high as 100

gpm.

0 J 017 2 Amendment
~

14.1-8 2



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

/'~'% ~ . Core and Coolant Boundary Protection Analysis'

()
In addition, with a combination of multiple valve failures or maloperations,
plus more than one makeup pump operating and reduced reactor coolant sys - |2
tem pressure, the resulting inflow rate can be as high as 500 gpm. This
constitutes the maximum dilution accident. A reactor trip would terminate

- unborated water addition to 'the makeup tank, and total flow into the cool-
* ' ant system would be terminated.by a high pressurizer level.

The criteria -of reactor protection for this accident are:

a. -The reactor power will be limited.to less than the design
overpower of 114 percent rated power to prevent fuel
damage.

b. The reactor protection system will limit the reactor cool-,

ant system pressure to less than the system design pres-
sure of 2,500 psig.

c. The reactor minimum suberiticality margin of 1% ak/k will
i be maintained.
t

d. Administrative procedures will be imposed to monitor and
' control the relationship of control rod egulating group

2- patterns and boron concentrations in the reactor coolant
over the operating life of the core.

|
V

14.1.2.4.2 Analysis and Results

J

The reactor is assumed to be operating at rated power with an initial boron 1
; concentration (1,800 ppm), in the reactor coolant system. The dilution

] water is uniformly distributed throughout the reactor coolant volume. Uni-

form distribution results from a. discharge rate of 70-500 gpm into a reactor
coolant flow of 88,000 gpm. A change in concentration of 100 ppm produces

. a 17. dk/k reactivity change. The ef fects of' these three dilution rates on
the reactor are as follows:

Average Reactor

Dilution Water. Reactivity Rate, Coolant-System.
! Flow, gpm fak/k)/sec Temp. Change, F/sec
:

70 +2.5 x 10-6 0.3

100 +3.6 x 10-6 0.3 1 |
4

500 +1.8 x 10-5 0.4
Y

The fastest rate of dilution can be handled byf the automatic control sys-

. tem,,which would insert rods to maintain the power level and reactor
' coolant system temperature. If an interlock failure occurred while ' theP

t .d
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reactor was under manual control, these reactivity additions would cause
a high reactor coolant temperature trip or a high pressure trip. In the
case of high pressure trip without any automatic or manual control, the
reactor will be shut down in less than 20 seconds, at which time less
than 0.05% Ak/k would have been added, which is not even 107. of the total
rod worth available for trip with a stuck rod. In any event the thermal
power will not exceed 114 percent rated power, and the system pressure
will not exceed the design pressure of 2,500 psig. Therefore moderator
dilution accidents will not cause any damage to the reactor system.

During refueling or maintenance operations when the reactor closure head
has been removed, the sources of dilution water makeup to the makeup tank -
and therefore to the reactor coolant system - are locked closed, and the
makeup pumps are not operating. At the beginning of core life when the
boron concentration is highest, the reactor is about 9.57. Ak/k suberitical
with the maximum worth rod stuck out. To demonstrate the ability of the
reactor to accept moderator dilution during shutdown, the consequences of
accidentally filling the makeup tank with dilution water and starting the
makeup pumps have been evaluated. The entire water volume from the makeup
tank could be pumped into the reactor coolant system (assuming only the
coolant in the reactor vessel is diluted), and the reactor would still be
6.5% Ak/k suberitical.

14.1.2.5 Cold Water Accident

The absence of individual loop isolation valves eliminates the potential
source of cold water in the reactor coolant system. Therefore, this
accident is not credible in this reactor.

14.1.2.6 Lo s s-o f-Coolant Flow

14.1.2.6.1 Identification of Cause

A reduction in the reactor coolant flow rate occurs if one or more of the
reactor coolant pumps should fail. A pumping failure can occur from
mechanical failures or from a loss of electrical power. With four indepen-
dent pumps available, a mechanical failure in one pump will not affect
operation of the others.

Each reactor coolant pump receives electrical power from one of the two
electrically separate buses of the 6,900-volt system discussed in 8.2.2.4.
Faults in an individual pump motor or its power supply could cause a
reduction in flow, but a complete loss of flow is extremely unlikely.

In spite of the low probability of a complete loss of power to all reactor
coolant pumps, the nuclear unit has been designed so that such a failure
would not lead to core damage.

The reactor protection criterion for loss-of-coolant-flow conditions
starting at rated power is that the reactor core will not reach a depar-
ture from nucleate boiling ratio (DNBR) smaller than the DNBR in the hot
channel at the steady state design overpower. This corresponds to a DNBR
of 1.38 at 114 percent rated power (Table 3.2-1).

14.1-10
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) 14.1.2.6.2 Methods of Analysis

The loss-of-coolant- flow accident is analyzed by a combination of analog
and digital computer programs. Analog simulation is used to determine the
reactor flow rate following loss of pumping power. Reactor power, coolant
flow, and inlet temperature are input data to the digital program which
determines the core thermal characteristics during the flow coastdown.

The analog model used to determine the neutron power following reactor
trip includes six delayed neutron groups, control rod worth and rod inser-
tion characteristics, and trip delay time'. The analog model used to
determine flow coastdown characteristics includes description of flow-
pressure drop relations in the reactor coolant loop. Pump flow character-
istics are determined from manufacturers' zone maps. Flow-speed, flow-
torque, and flow-head relationships are solved by affinity laws.

A transient, thermal-hydraulic, B&W digital computer program is used to
compute channel DNBR continually during the coastdown transient. System
flow, neutron power, fission product decay heat, and core entering
enthalpy are varied as a function of time. The program maintains a trans-
ient inventory of stored heat which is determined from fuel and clad tem-

peratures beginning with the initial steady state conditions. The transient
core pressure drop is determined for average channel conditions. The
representative hot channel flows and corresponding DNBR are obtained by
using t'.ie average core pressure drop. The hot channel DNBR as a function

("'N of time is compared with the design DNBR at maximum overpower to determine
s ) the degree of heat transfer margin.
v

The loss-of-coolant-flow analysis has been carried out in the power range
between 102 and 114 percent rated power. Conditions utilized in the
analysis are as follows:

a. Initial core inlet temperature for given power level is
assumed to be plus 2 F in error,

b. Initial system pressure is assumed to be minus 65 psi
in error,

c. Trip delay time, i.e., time for sensor detection for low
flow condition until initial downward movement of control
rod, is 300 milli-seconds.

d. The percent of initial reactor neutron power as a function
of time af ter loss of pumps is as shown in Figure 3.2-6.

e. The pump inertia is 70,000 lb-ft2, j

14.1.2.6.3 Results of Analysis |

The results of this analysis show that the reactor can sustain a loss-of-
coolant-flow accident without damage to the fuel. The results of the7g

( ) evaluation are presented in Figures 14.1-19 and 14.1-20. Figure 14.1-19
v

{.] 017514.1-11 '
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shows the ptetent

reactor flow as a function of time af ter loss of allpump power. Figure
14.1-20 shows the minimum DNDR's which occur duringthe coastdown for various initial power levels.

tection during coastdown is The degree of core pro-
doun with the design value of 1.38 atindicated by comparing the DNER for the coast-114 percent rated power. This DNER
(1.38) in the representative hot channel corresponds to'a 99 percent con-
fidence thrt W.3 percent of the core will not experience a departure
from nucleate boiling under steady state conditions at the design overpower(3.2.3.1).

Under normal conditions, the maximum indicated reactor power level from
which a less-ot-coolant- flow accident could occur is 102 percent ratedpoutr (as indicated by reactor instrumentation).
sents an allowance of plus 2 percent This power level repre-

rated power for transient overshoot.This
power level also represents the maximum power demand that will bepermitted to the

reactor control system. The 102 percent rated power is
an instrument-indicated value and is subject to the following maximumerrors:

(a) +2 percent heat balance and (b) +4 percent nuclear instrumen-tation. The true power level could be as high as 108 percent at 102 per-cent indicated power.
As shown in Figure 14.1-20, however, the DNER at108 percent is

1.44, which is significantly larger than the design DNER.
'I b e reae. tor coolant
flow after the pumps have stopped. system is capable of providing natural circulation

The natural circulation characteristicsof the
reactor coolant system have been calculated using conservativevalues
for all resistance and form loss factors.

exist in the core or reactor outlet piping. No voids are assumed to
The following tabulation andFigure 9.5-2 show

the natural circulation flow capability as a functionof the decay heat generation.

Time After Decay Heat Natural Circulation Flow Required forLoss of Core Power, Core Flow Available, Heat Removal,Power. see % T Full Flow Z Full Flow
0.3b x 102 5
2.2 x 102 4.1

3 2.3 '

1.2 x 104 3.3
1 1.2

1.3 x 105 1.8 0.361/2 1.2 0.20

The flows above provide adequate heat transfer for core cooling and decayheat removal by the reactor coolant system.

The reactor is protected against reactor coolant pump failure (s) by the
protection system and the integrated control system. The integrated con-
trol system initiates a power reduction on pump failure to prevent
power from exceeding that permissible for the available flow. reactor

The reactoris tripped if insufficient reactor coolant flow exists for the power level.
The operating limits for less than four pumps in operation have been
presented in 4.3.7

[gj 0176 00'
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( ,/ 14.1.2.7 Stuck-Out, Stuck-In, or Dropped-In Control Rod

14.1.2.7.1 Identification of Cause

The control rod drives have been described in 3.2.4.3. The results of
continuous control rod withdrawal have been analyzed in 14.1.2.2 and
14.1.2.3. In the event that a control rod cannot be moved because of elec-
trical faults or mechanical seizure, localized power peaking and subcriti-
cal margin must be considered.

14.1.2.7.2 Analysis and Results

Adequate hot suberitical margin is provided by requiring a subcriticality
of Ic ak/k subcritical with the control rod of greatest worth fully with-
drawn from the core. The nuclear analysis reported in 3.2.2 demonstrates
that this criterion can be satisfied.

In the event that an unmovable control rod is partially or fully inserted
in the core or a single rod is dropped during operation, its location and
ef fect on local power distribution determine whether continued power opera-
tion is permissible. The location of a stuck rod in the core will be
studied further to define permissible conditions of operation. The criteria
for these studies are (a) operation with a stuck rod will not increase the
DNB probability above the probability specified for design conditions, and,_

/ j (b) a hot suberitical margin of 1% ak/k will be maintained with the stuck

(_) rod in its inoperative position and the operating rod of greatest reactivity
worth in the fully withdrawn position.

If a control rod is dropped into the core during power operation, the same
consideration of localized power peaking as for a stuck rod will apply.

14.1.2.8 Loss o f Electric Power

14.1.2.8.1 Identification of Cause

The Rancho Seco Plant is designed to withstand the effects of loss of
electric load or electric power. Two types of power losses are considered:

a. A " blackout" condition, caused by severe interconnected
grid upset.

b. A hypothetical condition resulting in a complete loss of
all plant power.

The reactor protection criteria for these conditions are that fuel damage
will not occur from an excessive power-to-flow ratio and that the reactor
coolant system pressure will not exceed design pressure,

00j 0177c
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14.1.2.6.2 Results of " Blackout" Conditions Analysis

The net effect o f a " blackout" condition on the nuclear unit would be
opening of all 230 kv breakers, thus disconnecting the plant from the entire
transmission system. When this occurs on the nuclear unit, a runback signal
on the inttarated master controller causes an automatic powtr reduction to
15 percent rtuctor power. Other actions that occur are as follows:

a. All vital electrical loads, including reactor coolant pumps,
condenser circulating water pumps, condensate and other
auxiliary equipment, will continue to obtain power fren
the unit generator. Feedwater is supplied to the steam
generators by steam-driven feed pumps.

b. As the electrical load is dropped, the turbine generator
accelerates and closes the governor valves, and interceptor
valves. The unit frequency will peak at less than the
overspeed trip poirt and decay back to set frequency in
40-50 sec.

Following closure of the turbine governor valves andc.

interceptor valves, steam pressure increases to the tur-
bine bypass valve set point and may increase to the steam
system safety valve set point. Steam is relieved to the
condenser and to the atmosphere. Steam venting to the
atmosphere occurs for about 2 minutes following blackout
from 100 percent rated power until the turbine hypass
can handle all excess secan generated. The capacity of
the modulating turbine bypass valve is 15 percent of the
valves wide open (VWO) steam flow, and that of the safety
valves is 100 percent of VWO steam flow. The first safety
valve banks are set at 1,050 psig with additional banks
set at pressures up to 1,104 psig (5 percent above design
pressure as allowed by code). Steam venting permits
energy removal from the reactor coolant system to prevent
a high pressure reactor trip. The initial power runback
is to 15 percent power which is greater than the unit
auxiliary load. This allows sufiicient steam flow for
regulating turbine speed control. Excess power above the
unit auxiliary load is rejected by the turbine bypass
valve to the condenser.

d. During the short interval while the turbine speed is high,
the vital electrical loads connected to the unit generator
will undergo speed increase in proportion to the generator
frequency increase. All motors and electrical gear so
connected are designed for the increased frequency.

e. After the turbine generator has been stabilized at auxil-
iary load and set frequency, the plant operator may reduce
reactor power to the auxiliary load as desired.

O
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.

The blackout accident does not produce any fuel damage
or excessive pressures on the reactor coolant system.
There is no resultant radiological hazard to plant operat-
ing personnel or to the public from this accident, since
only secondary system steam is discharged to the atmosphere.

14.1.2.8.3 Analysis Results of Complete Loss of All Plant Power4

The second power loss considered is the hypothetical case where all plant*

power except the plant batteries is lost. The sequence of events and the
evaluation of consequences relative to this accident are given below:

a. A loss of power results in gravity insertion of the con-
trol rods. '

b. The steam generator safety valves actuate after the tur-
bine trips and prevent excessive temperatures and pressures
in the reactor coolant system,

c. The reactor coolant system flow decays without fuel damage
occurring. Decay heat removal af ter coastdown of the
reactor coolant pumps is provided by the natural circula- ,

tion characteristics of the system. This capability is
g discussed in the loss-of-coolant-flow evaluation (14.1.2.6).,

d. A turbine-driven or motor-driven emergency feedwater pump
' is provided to supply feedwater any time the main feed
J. pumps cannot operate. The emergency feed pump takes suc-

tion from the condensate storage. The emergency pumps
supply feedwater to the steam generators. The turbine-4

driven emergency feed pump is driven by steam from either
or both steam generators. The motor-driven emergency feed
pump can be powered from the diesel generator.

.

The controls and auxiliary systems for the ecergency feed
pumps operate on d-c power from the plant batteries.

A recirculation line from the emergency pumps' discharge
back to the condensate storage tank is provided to permit

'
periodic testing. '

4

e. The condensate storage tank provides cooling water in the
unlikely event that all power is lost. The minimum con-
densate inventory is 250,000 gallons. This inventory
provides sufficient water for decay heat cooling (assum-
ing infinite irradiation at 2,568 Mwt) for a period of

'approximately one day.
,
,

.The features. described above permit decay heat cooling of the nuclear unit
| . 'for an ~ extended period of time following m le of electr'ic r-

-
.

.
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The foregoing evaluation demonstrates the design features incorporated in
the design to sustain loss of power conditions with just the plant batteries
to operate system controls. Immediate operation of the emergency feedwater
pump is not of critical nature. The reactor can sustain a complete electric
power loss without emergency cooling for about 25 minutes before the steam
volume in the pressurizer is filled with reactor coolant. These 25 minutes
are derived as rollows:

a. Steam generators evaporate to dryness 10 minutes

b. Pressurizer safety valves open 5

c. Pressurizer fills with water (due to
reactor coolant system expansion) M

25 minutes

Beyond this time reactor coolant will boil off, and an additional 90 minutes
will have clapsed before the boiloff will start to uncover the core. The
emergency feedwater pump can be actuated within this period of time. Accord-
ingly, core protection is ensured for the unlikely condition of total loss
of plant electric power.

14.1.2.9 Steam Line Failure

14.1.2.9.1 Identification of Cause

Analyses have been performed to determine the effects and consequences of
loss of secondary coolant due to failures in the steam lines between the
steam generators and the turbine.

The criteria for plant protection and the release of Lission products to
the environment are as follows:

a. The reactor shall trip and remain subcritical without
boron addition until a controlled rate of system cooldown
can be effected.

b. The potential environmental consequences from radioactivity
in the secondary coolant system shall not exceed those

3| specified by 10 CFP 100,

14.1.2.9.2 Analysis and Results

The rate of reactor system cooling following a steam line break accident is
a function of the area of the failure and the steam generator water inven-
tory available for cooling. The steam generator inventory increases with
power level. The inventory at rated power is 46,000 lb and decreases
linearly to 20,000 lb at 15 percent power. The steam line break accident

2| analysis is performed at ultimate power in order to determine maximum
|

cooling and inventory release effects.
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( j The immediate ef fect of any steam line break accident is a reduction in'~'

steam pressure and a reduction in sterm flow to the turbine. These effects
initially cause the reactor control system to act to restore steam pressure
and load generation.

A ateam line rupture of a small area causes a relatively slow decrease in
steam pressure. This places a demand on the control system for increased
feedwater flow. En addition, the turbine control valves will open to main-
tain power generation. Increased feedwater flow causes the average reactor
coolant temperature to decrease, and the resulting temperature error calls
for c3ntrol rod withdrawal. The limiting action in this condition is the
102 percent limit on power demand to the rod drive control system. If the
moderator tecperature coefficient of reactivity is small or slightly
positive, the reactor power will decrease when the control system reaches
the power demand limit because of continuing temperature decrease. The
reactor will then trip on low reactor coolant system pressure. A reactor
trip will initiate a reduction in the feedwater flow to the steam
generators.

When the moderator temperature coefficient is negative, the reactor power
will tend to increase with decreasing average coolant teaperature. This
will cause control rod insertion to limit reactor power to 102 percent.
With power limited at 102 percent, additional cooling causes a reduction
in reactor coolant pressure, and the reactor trips on low reactor coolant
pressure. Turbine trip occurs when the reactor trips. Upon turbine trip,

(''N the unaffected steam line is isolated by the turbine stop valves as shown
i ) in Figure 10.2-1. The unit with the ruptured steam line continues to blow,

down to the atmosphere.
.

The maximum cooldown of the reactor coolant system would be that resulting
from the blowdown from one steam generator. A typical cooling rate follow-
ing reactor trip for a steam line rupture of 4 in.2 is shown in Figure
14.1-21.

The tabulation below lists the approximate time required to blow down the
contents of the steam generator with a ruptured steam main.

Leak Area, in.2 Blowdown Time, sec

4 860
32 110

128 27

A steam line failure of large area results in high steam flow with result-

ing rapid pressure decrease in the reactor coolant system and steam system.
The reactor trips on low reactor coolant system pressure or high flux.
Reactor trip causes turbine trip and reduction in feedwater flow to decay |

heat level. The turbine trip closes the turbine stop valves which iso- '

late the steam lines and prevent blowdown of the steam generator whose
,-~s secondary side does not have a pipe rupture. The steam generators are
t 1

i )
.,
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designed to maintain reactor system integrity upon loss-of-secondary-s a
pressure. Therefore, this accident will not lead to a reactor coolant
system failure.

Assuming the bloudoun from one steam generator results from a secondary
steam system rupture, the maximum cooling rate during this accident occurs
during the first 10 sec after the break. The maximum cooling rate is
approximately 3 r/sec and a low pressure or high flux trip occurs. The
net cooldown of the reactor coolant system, assuming total blowdown of onc
steam generator and accounting for transfer of core stored heat and decay
heat, is less than 50 F. This results in an average coolant temperature
of 530 F which is about 10 F lower than the normal zero power average
coolant temperature.

The minimum shutdown margin at 540 F with the most reactive rod stuck out
is 2. 9 7 Ak/k. The reduction in reactivity shutdown margin associated with
cooling the moderator temperature 10 F below its normal shutdown tempera-
ture of 540 F would be 0.307. Ak/k. Using the maximum negative value for
the modcrator temperature coefficient (-3,0 x 10 " Ak/k/F), the shutdown
margin at 330 F would be 2.6:,Ak/k, which is adequate to prevent return to
criticality.

In addition, high pressure injection can be actuated during the cooldown
period following a large area steam line failure. This system supplies
borated water to the reactor coolant system to increase the shutdown mar-
gin further. Boron addition to the reactor coolant during the controlled
cooling of the systen to atmospheric pressure will prevent criticality at
lower temperatures.

The effect of a steam line rupture ins ide the reactor building has been
evaluated by conservatively assuming an instantaneous release to the
reactor building of the energy associated with this accident. The mass
and energy released per steam generator in this analysis are approximately:

Energy
Mass, Ib Btu x 10-6

Steam Generator 46,000 28.0

Feedwater Flow (6 sec. full
flow plus coastdown to

7.5% flow @ 16 sec) 12,800 5.6

Reactor Coolant System
Energy Transferred - 17.6

Total 58,800 31.2

Dased upon the above, a single steam generator release would result in
approximately 10 psig pressure rise in the reactor building. This is
well below the reactor building design pressure of 54 psig.

Oco;
O bI14.1-15



,,
Core and Cooling Boundary Protection Analysis/v}

14.1.2.10 Steam Generator Tube Failures

14.1.2.10.1 Identification of Accident

In the event of a reactor coolant leak to the secondary system, such as a
complete severance of a steam generator tube, the activity contained in
the coolant would be released to the secondary system. Radioactive gases
and some of the radioactive iodine would be released to the atmosphere

through the condenser air removal system.

14.1.2.10.2 Analysis and Results

In analyzing the consequences of this failure, the following sequence of
events is assumed to occur:

a. A double-ended rupture of one steam generator tube occurs
with unrestricted discharge from each end.

b. The initial leak rate, approximately 435 gpm, exceeds
the ncrual makeup of 70 gpm to the reactor coolant sys-
tem, and system pressure decreases. No operator action
is assumed, and a low reactor coolant system pressure
trip will occur in about 8 minutes.

{}
(,'

_
c. Following reactor trip, the reactor coolant system

pressure continues to decrease until high pressure injec-
tion is actuated at a pressure of 1,800 psig. The capa-

city of the high pressure injection is sufficient to
compensate for the leakage and maintains ooth pressure
and volume control of the reactor coolant system. There-
after, the reactor is conservatively assumed to be cooled
down and depressurized at the normal rate of 100 F per
hour.

d. Following reactor trip, the turbine stop valves will
close. Since a reactor coolant to secondary system
leak has occurred, steam line pressure will increase,
opening the steam bypass valves to the condenser. Each
bypass valve actuates at a lower pressure than do the
safety valves. The reactor coolant that leaks as a
result of the tube failure is condensed in the condenser.
Only the fission products that escape from the condensate
are released to the atmosphere.

I

e. The affected steam generator would be isolated by the
non-return valve in the turbine stop valve when the
reactor coolant system pressure falls below the set-
point of the secondary system safety valves, i.e.,

1,050 psig. Cooldown continues with the unaf fected |

7''N, steam generator until the temperature is reduced to
r | 250 F. Thereaf ter, cooldown to ambient conditions is |

'' continued using the decay heat removal system.-

.

14.1-19
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Core and Cooling Eoundary Protection Analysis

f. At the design cooling rate for the pressurizer of 100 F/
hr, depressurization to 1,050 psig requires approximately

cc (5,650 ft3)1.7 hr. During this time period 1.6 x 108
of reactor coolant leaks to the secondary system. This
leakage corresponds to approximately 45,800 curies of
xenon-133 and 0.05 curies I-131 release to the atmosphere
if the reactor has been operating with 1 percent failed
fuel. The amount of iodine released to air in the con-9

~

denser is based on a liquid-to-gas partition coefficient
4of 10 ,

O
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'' 14.2 STANDBY SAFECUARDS ANALYSTS

14.2.1 SITUATIONS ANALYZED AND CAUSES

In this section accidents are analyzed in which one or more of the protec-
tive barriers are not effective and standby safeguards are required. All
accidents evaluated are based on the ultimate power level of 2,568 Mwt
rather than the rated power level of 2,452 Mwt. Table 14.2-1 summarizes
the potential accidents studied.

TABLE 14.2-1
SITUATIONS ANALYZED AND CAUSES

Event Cause Effect

Fuel Handling Mechanical damage Gap activity released.

Accidents during transfer. Environmental consequences
discussed in 14.3.5

Rod Ejection Failure of control Some clad failure. Envi-

Accident rod drive pressure ronmental consequences
housing. discussed in 14.3.6

f) Loss-of-Coolant Rupture of reactor No clad melting. Environ-
\/ Accident coolant system. mental consequences

evaluated in 14.3.8

Maximum Release from core of Environmental consequences
Hypothetical 1007. noble gases , 507. shown in 14.3.9
Accident iodine, and 17. solid

fission products.

14.2.2 ACCIDENT ANALYSES

14.2.2.1 Fuel Handline Accidents

14.2.2.1.1 Identification of Accident

Spent fuel assemblies are handled entirely under water. Before refueling,
the reactor coolant and the fuel transfer canal water above the reactor are
increased in boron concentration so that, with all control rods removed,.

the keff of a core is no greater than 0.98. In the spent fuel storage

pool, the fuel assemblies are stored under water in storage racks having
an eversafe geometric. array. Under these conditions, a criticality acci-
dent during refueling is not considered credible. Mechanical damage to
the fuel assemblies during transfer. operations to the auxiliary building is
possible but improbable. This type of accident is considered the maximum

.

potential source of activity release during refueling operations.

bd '

,

000 0208
14.2-1
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standby safeguards Analysis

14,2.2.1.2 Analysis and Results

The fuel assembly is conservatively assumed to have operated at 29 Mwt,
twice the power level of an average fuel assembly. The reactor is assumed
to have been shut down for 24 hours, which is the minimum time foi reactor
cooldown, reactor closure head removal, and removal of the first fuel
assembly. It is further assumed that the entire outer row of fuel rods,

2! 56 of 208, suffers damage to the cladding. Since the fuel pellets are
cold, only tne gap activity is released. The fuel rod gap activity is
calculated using the escape rate coefficients and calculational methods
discussed in 11.1.1.3.

The gases released from the fuel assembly pass through the spent fuel
storage pool water prior to reaching the auxiliary building atmosphere.
As a minimum, the gases pass through 10 feet of water. Although there is
experimental evidence that a portion of the noble gases will remain in
the water no retention of noble gases is assumed. Based on pertinent
data,3 0 ,9 percent of the iodine released from the fuel assembly is95

assumed to remain in the water. The total activity released to the build-
ing atmosphere is therefore:

Iodine 28.4 curies
0Noble gases 2.79 x 10 curies

14.2.2.2 Rod Ejection Accident

14.2.2.2.1 Identification of Accident

Reactivity excursions initiated by uncontrolled rod withdrawal (14.1) were
shown to be safely terminated without damage to the reactor core or
reactor coolant system integrity. In order for reactivity to be added to
the core at a more rapid rate, physical failure of the control rod drive
housing or control rod drive nozzle must occur. Failure in the drive
upper pressure housing can cause a pressure differential to act on a
control rod assembly and rapidly eject the assembly from the core region.
The power excursion due to the rapid increase in reactivity is limited by
the Doppler effect and terminated by reactor protection system trips.

The criterion for reactor protection. should this condition occur, is that
the reactor will be operated in such a manner that a control rod ejection
accident will not further damage the reactor coolant system.

a. Accident Bases

The bases for the rod ejection accident are as follows:

Worth of ejected roo 0.3*. 1 k/k
Rod ejection time 0.150 see
Ultimate power level 2568 Mwt
Reactor trip delay 0.3 sec

0 0
000 026?

14.2-2 Amendment 2
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d The severity of the rod ejection accident is dependent
upon the worth of the ejected rod and the reactor power
level. The control rod group of greatest worth is the
first'of the entire rod pattern to be withdrawn from the
core. The worth of the ejected rod can be as high as 30
percent of the total pattern worth of 10.07. Ak/k, i.e.,

37. .Ak/k. However, the 37. Ak/k value exists only when
the reactor is suberitical. The details of control rod
worth calculations and the methods of selecting the number
of control rods in each group are presented in 3.2.2 and
7.2.2.1.2.

When the reactor is suberitical, the boron concentration
is maintained at a level whereby the reactor is at least
1 percent suberitical with the control rod of greatest
worth fully withdrawn from the core. Therefore, rod
ejection, when the reactor is subcritical and all other
rods are in the core, does not cause a nuclear excursion.
As criticality is approached, the worth of the remaining
control. rods decreases. At criticality, rod ejection
would result in a maximum reactivity addition of 0.567 |1
A k/k.

At rated power, but before equilibrium xenon is established,
the total rod pattern worth remaining in the core is
2.87. A k/k. At equilibrium xenon the pattern worth is
1. 87. A k / k . Before establishing equilibrium xenon, the
greatest single control rod worth is 0.467. A k/k. A
single rod worth of up to 0.77. A k/k has been used in the y
analysis of this accident.

In order for any one rod to have this much worth, it
would necessarily be fully inserted in the core. Assum-
ing that a pressure housing failure occurs in such a
manner that it no longer offers any restriction for rod
ejection, the time and therefore the rate of reactivity
addition can be calculated. Further assuming that there
is no viscous drag force limiting the rate of ejection,
control rod travel time to the top of the active region
of the core is calculated to be 0.176 sec. To account
for the S-shaped reactivity worth versus position of the
rod, an ejection time of 0.150 see (75 percent of active
core height) is_used in the analysis,

b. Fuel Rod Damage Criteria

Power excursions caused by reactivity disturbances of
the' order of magnitude-occurring _in rod ejection acci-
dents could lead to three potential modes of fuel rod i

failure. First, for very rapid and-large transients in

f :
.Q

.
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which there is insufficient time for heat transfer from
fuel to cladding, fuel melting followed by vaporization
can generate destructive internal pressures without
increasing cladding temperatures significantly. The
second mode occurs when the internal vapor pressure is
not sufficient to cause cladding rupture, but subseauent
heat transfer raises the temperature of the cladding and
weakens it until failure occurs. The third mode occurs
when the nuclear excursion has insufficient energy to
cause melting of the fuel, but subsequent heat transfer to
clad from fuel may cause excessive cladding temperatures.
In all three cases there is a possible occurrence of metal-
water reactions. liowever, only very rapid and large
transients will generate a rapid pressure buildup in the
reactor coolant system.

The energy required to initiate l'0 fuel m 1 ting is 2202to 225 cal /gm, based on an initial temperature of 68 F.5
The heat of fusion requires an additional 60 cal /gm.
Any further energy addition vaporizes the fuel and
produces a buildup of vapor pressure within the fuel rod.
The effect of the vapor pressure is dependent upon the
temperature and ultimate strength of the cladding.
Energy additions of up to 420 cal /gm have been calculated
to be necessary before the bursting pressure of cladding
is exceeded. The louer limit for producing significant
fuel vapor pressure (14.7 psi) is 325 cal /gm. The
potential cladding failure is a function not only of the
fuel vapor pressure, but also of fission product gas
pressure, cladding and fuel irradiation exposure, and
zirconium hydriding. At a lower limit, the potential for
bursting of cladding and release of molten fuel to the

reactor coolant is conservatively set at a fuel enthalpy
of 280 cal /gm in this e' valuation.

For power excursions with energy bursts below 280 cal /gm,
zirconium-water reactions are possible. A correlation of
the TREAT experiments presents a method of correlating
the potential zirconium-water reaction as a function of
fission energy input.' These data are based on initially
cold (room temperature) fuel rods, but are also correlated
as a function of peak adiabatic core temperature. This
correlation can be used either by computing the core
temperature or by adding the initial steady state fuel
enthalpy to the nuclear energy burst and obtaining an
equivalent final fuel enthalpy. Accordingly, a zirconium-
water reaction requires a minimum fuel enthalpy of 125
cal /gm. Increasing fuel enthalpies cause a linear increase
in the percentage of the reaction, which may be approxi-
mated by

%Zr-ll O Reaction = 0.125 (Final Fuel Enthalpy - 125).2

O
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'' It is assumed that DNB will take place when the clad

reaches a heat flux of 6.36 x 105 Btu /hr-ft2 At this
heat flux the hot fuel red enthalpy would be approximately
140 cal /gm at EOL and 130 cal /gm at BOL. Applying the

peaking factors described in 3.2.3 to the results of
these analyses, the percent of the core having an enthalpy
greater than the values above can be calculated. Any fuel
rod exceeding the enthalpy values above is assumed to
fail from overheating and releases the gap activity of
that fuel rod.

14.2.2.2.2 Method of Analysis

Thehypotheticalcontrolrodejectionaccidentwasgnvestigatedusingthe
exact 1-dimensional WIGL2 digital computer program. It was found that

the point kinetics analog model results agreed with the WIGL2 results to
within 10 percent for rod worths up to 0.757. Ak/k. The point kinetics
model assumes an initial flux distribution which is undisturbed by local
control rod assemblies. The space-dependent model, however, has signi-
ficant flux depressions in the vicinity of control rods. Although the
flux throughout the core begins to increase shortly after the start of the
rod ejection, the flux increase in this depressed region rises more quickly
so that by the time the average power has reached a level just a few per-
cent above the initial power level, the flux shape has almost no pertur-7

I bation in the region previously occupied by the ejected rod. The entire;

reactor flux then rises uniformly until the Doppler ef fect terminates the'
s-

excursion. Thu's by applying the peak-to-average flux factors of 2.92 for
EOL and 3.24 for BOL to the point kinetics results, the peak and integrated
flux at any point in the reactor can be accurately assessed.

14.2.2.2.3 Analysis and Results

a. Source Power

A sensitivity study at source level has been done around a
Isingle rod worth 0.57. ak/k. This analysis was performed

with the core 0.57. Ak/k sub-critical so that a total rod
worth of 17. dk/k was withdrawn in 0.150 sec. The reactor
power was initially at 10-9 of the ultimate power level.
The low pressure trip occurs at 1.7 see after the ejection
starts, and the reactor power is terminated at a peak
value of 39 percent ultimate power. This peak neutron
power value is not reached until about 15 sec after the
rod is ejected because Doppler feedback controls the rate
of rise and magnitude of the neutron power. Therefore, a

low pressure trip will terminate the accident before sig-
nificant power is generated owing to the loss of coolant
through the rupture.

7
_-
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An analysis was performed for the accident above without
a low pressure trip to demonstrate the capabilit'f of the
reactor to accept the accident.

In this case the neutron power reaches 1,000 Mwt (39 per-
cent ultimate power), and the peak fuel temperature is
990 F. This is far below the melting temperature of U0,,
and the resultant thereal power is only 16 percent of

'

ultimate power. Hence, no fuel damage .,rould resul t from
the rod ejection accident at source power level,

b. Ultimato Power

A sensitivity study at ultimate power level has been done
1 around an assumed single rod worth of 0.3% A k/k. The

analysis includes rod worths from 0.1-0.7*/. Ak/k, however,
for the ultimate power case at beginning-of-life (BOL),
the ejection of a single control rod worth 0.3% A k/k
would result in virtually no Zr-H O reaction and approxi-2
mately 1% of the core experiencing DNB (see Figures 14.2-1
and 14.2-2). The hot fuel rod would reach a peak enthalpy
of about 166 cal /gm.

For the end-of-life case (EOL), the reactor neutron power
peaks at 6,190 Mwt, 200 milliseconds after the start of
ejection of a 0.3% Ak/k control rod. The prompt negative
Doppler effect terminates the power rise, and control
rod insertion from high flux signal terminates the excur-
sion. The total neutron energy burst during the transient
is approximately 3,200 Mw-sec. The final fuel anthalpy
of the nominal rod is 113 cal /gm, i.e., the enthalpy of
the hot rod is 163 cal /gm. This enthalpy is considerably
below the minimum range (220 to 225 cal /gm) for central
fuel melting. As a result of the excursion, approxi-
mately 13.5 percent of the core would have DNB (see
Figure 14.2-1).

The power distribution at the beginning of core life,
with the higher power peaking factors shown in 3.2.3,
was used to determine the distribution of the energy of
the excursion. With his distribution of fuel enthalpies,
and using the TREAT correlation, 0.53 percent of the
zirconium cladding may react (see Figure 14.2-2) to con-
tribute an additional 677 Mw-sec of energy. The resultant
temperature increase is spread over a relatively long
period of time. Consequently, the metal-water reaction
energy is liberated over a long period of time, and no
damaging pressure pulses are produced in the system.

As a result of the pastulated pressure housing failure,
which produces a rupture size of 0.04 sq ft, reactor
coolant is lost from the system. The rate of mass and'

energy input to:the reactor building is considerably

Amendment 1{] }j}14.2-6
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/ lower than that for the 3 sq ft rupture discussed in'

14.2.2.3. This lower rate of enercy input results in a
lower reactor building pressure than that obtained for
the 3 sq ft rup ture .

The fission product release from this accident is cal-
culated by conservatively assuming that all fuel rods
that undergo a DNB will experience a clad failure, sub-
sequently releasing all gap activity. Actually most of
the fuel rods will recover from the DNB, and no fission
product release will occur. For the case of a 0.3% Ak/k
rod ejection from ultimate power at the end of life, 13.5

percentofthefuelrodsareassumedtofail,regeasing
177,000 curie-equivalents of I-131 and 1.45 x 10 curies
of noble gases to the containment building. Fission
product activities for this accident are calculated using
the methods discussed in 11.1.1.3.

c. Sensitivity Analysis

The results of a sensitivity analysis performed on the
control rod ejection accident are shown in Figures 14.2-3
through 14.2-11. Figure 14.2-3 shows the variation in
the peak neutron power as a function of the worth of the
ejected control rod. For the nominal 0.3% A k/k case,

/ T from ultimate power, the peak neutron power is less than
\ _,) 300 percent, again assuming that a low pressure trip doess

not occur. The rod ejection from source level results in
a Doppler turn-around before the flux trip is reached.
Figure 14.2-4 shows the variation in the corresponding
thermal power with control rod worth.

Figure 14.2-5 shows the corresponding enthalpy increase
of the hot fuel rod versus control rod worth. Note the
very small spread in values for the BOL and EOL ultimate
power conditions. As expected, the enthalpy. increases
with rod worth.

Figures 14.2-6 through 14.2-9 show the peak reactor
neutron and thermal powers as a function of chances in
the positive moderator temperature coefficient and nega-
tive Doppler coefficient for the nominal 0.5% a k/k
control rod ejection from source level. There was insig-
nificant variation of the peak neutron and thermal power
with changes in the two reactivicy feedback coefficients.

Figure 14.2-10 shows the change in nominal thermal power
with variations in the trip delay time for the nominal
0.3% ak/k rod ejection from ultimate power (the varia-
tion from zero power is negligible). The trip delay time

g
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does not affect the peak neutron power because the Doppler
effe:t controls the power transient. Figure 14.2-11 shows
the corresponding change in the total enthalpy increase of
the hot fuel rod versus the trip delay.

The ti.armal power never exceeds 114 percent ultimate
power foc any of the variations studied using the nominal
rods (0.L*/ A k/k for ultimate power and 0.5E Ak/k for
source level). The hot fuel rod average temperature
never increases by more than 310 F above the ultimate
power peak value (4,090 F). It is therefore concluded
that each of these parameter variations has relatively
little effect on the nominal results.

14.2.2.3 Loss-of-Coolant Accident

14.2.2.3.1 Identification of Accident

Failure of the reactor coolant system would allow partial or complete
release of reactor coolant into the reactor building, thereby interrupting
the normal mechanism for removing heat from the reactor core. If all the
coolant were not released immediately, the remaining amount would be
boiled off owing to residual heat, fission product decay heat, and possible
hest from chemical reactions unless an alternate means of cooling were
available. In order to prevent significant chemical reactions and
destructive core heatup, emergency core cooling equipment rapidly recovers
the core and provides makeup for decay heat removal.

14.2.2.3.2 Accident Bases

All components of the reactor coolant system have been designed and
fabricated to ensure high integrity and thereby minimize the possibility
of their rupture. The reactor coolant system, the safety factors used in
its design, and the special provisions taken in'its fabrication to ensure
quality are described in Section 4.

In addition to the high-integrity system to minimize the possibility of a
loss of coolant, emergency core cooling is provided to ensure that the core
does not melt even if the reactor coolant system should fail and release
the coolant. This emergency core cooling is provided by the core flooding
system, the makeup and purification system (high pressure injection), and
the decay heat removal system (low pressure injection). These systems are
described in detail in Section 6, and their characteristics are summarized
in the following paragraphs.

The performance criterion for the emergency cooling equipment is to limit
the temperature transient belcw the clad melting point so that fuel
geometry is maintained to provide core cooling capability. This equipment

O000 0215
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has been conservatively sized to limit the temperature transient to 2,300 F'

; or less as temperatures in excess of this value promote a faster zirconium-

j water reaction rate, and the termination of the transient near the melting
point would be difficult to demonstrate.i

:
'

The fuel rods may experience cladding failure during the heatup in the
loss-of-coolant accident. This could be due to fission gas internal pres-

! sure and weakening of the clad due to the increase in clad temperature.
The. mechanical strength of the Zircaloy cladding is reduced as the tempera-
ture exceeds 1,000 F such that the highly-irradiated fuel rods, with high

,

fission gas internal pressure, may fail locally and relieve the gas pres-
sure when the temperature exceeds 1,200 F. Some local ballooning of rods
is likely to occur. However, cooling would still be effective since the
fuel rods are submerged, and cross-channel flow around the ballooned area
will cool the rod. At worst a local hot spot may occur.,

I

It is-calculated that a small number of fuel rods operating at peak power
will experience a cladding temperature transient to 1,950 F in about 18
sec. The injection of emergency coolant, at a time when the cladding is
at a temperature of about 1,950 F, may also cause distortion or bowing
between supports. As a result some of the fuel rods may crack and allow,

. relief of internal pressure. However, the cladding is expected to remain
'

sufficiently intact to retain the solid fuel mat- .a1 and to prevent gross
fuel shifting. The transient would be limited .s regions of the core
which operate at peak power. The major portion of the core will not

, experience as severe a transient.
!

Heating of the fuel can and the fuel rod spacer grid requires heat flow
from the clad to the structure by conduction and radiation; therefore, the
structure temperatures will lag the cladding temperature transient. As
the fuel rod temperature rises, the fuel rods are expected to experience
some bowing between supports due to the temperature dif ferential existing
between the fuel rod and the can. The cans and spacer grids are made from
. stainless steel and have substantial mechanical strength, even at the maxi-
mum expected. temperatures. The supporting stainless steel structure will
therefore retain sufficient strength to assure spacing between fuel rods
to allow emergency coolant to reach them, and will keep the fuel rods in

1 the same location in the core to prevent gross fuel shifting.

The core flooding system has two independent core flooding tanks, each of
which is connected to a different reactor vessel injection nozzle by a
line containing two check valves and a normally open, remotely operated
isolation valve. Since these tanks and associated piping are missile-

,

protected and are connected directly to the reactor vessel, a rupture of*

reactor coolant system piping will not affect their performance. These,

tanks provide for automatic flooding when the reactor coolant system pres-
sure-decreases below 600 psi. The flooding water is injected into the
reactor vessel and directed to the bottom of the reactor vessel by the
thermal' shield. The core is flooded from the bottcm upward. The combined
contents of the two tanks (1,880 ft of borated water) rapidly reflood the<

. core immediately after the blowdown to provide cooling until coolant flow

|
can be established by, low p.ressure injection.

- ' -
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High pressure injection, supplies coolant at pressures up to the design
pressure of the reactor coolant system and at a rate up to 1,000 gpm. Low

2 pressure injection supplies coolant at pressures below 200 psig and at a
rate up to 6,000 gpm. Both of these systems can operate at full capacity
from the on-site emergency electrical power supply and can be in operation
within 25 sec af ter the accident. In the reactor vessel, decay heat is
transferred to the injection water.

Injection water is supplied from the borated water storage tank. When
this tank empties, water is circulated from the reactor building sump
through heat exchangers and returned to the reactor vessel. About 200,000
gallons, corresponding to top 12 feet of water in the fuel pit can be made
available for injection in an emergency.

Engineered safeguards are also provided to cool the reactor building
environment following a loss-of-coolant accident and thereby limit and
reduce pressure in the building. Reactor building sprays, actuated on a
high building pressure signal of 10 psig, deliver 3,0,00 gpm to the reactor
building atmosphere. This spray water reaches thermal equilibrium within
the building atmosphere during its passage from the nozzles to the sump.
Spray water is supplied from the borated water storage tank until it is
emptied. Thereafter, water collected in the sump is recirculated to the
sprays. Cooling is also provided by the reactor building emergency cool-
ing system in which recirculating fans direct the steam-and-air mixture
through the emergency coolers, where steam is condensed. Heat absorbed in

2| the emergency coolers is rejected to the nuclear service cooling water
system. The heat removal capacity of either of these two reactor building
cooling systems is adequate to prevent overpressurization of the building
during a loss-of-coolant accident.

This analysis demonstrates that in the unlikely event of a failure of the
reactor coolant system, both of the other two boundaries that prevent fis-
sion product release to the atmosphere, i.e., the reactor core and the
reactor building, are protected from failure. Accordingly, the public
would be protected against potential radiation hazards.

In order to evaluate this accident, a range of rupture sizes from small
leaks up to the complete severance of a 36-in. ID reactor coolant system
line has been evaluated. A core cooling analysis is presented for the
complete severance of the 36-in. ID reactor coolant piping.

Since the large rupture removes the least amount of stored energy from the
core, this represents the minimum temperature margin to core damage and,
therefore, places the most stringent requirements on the core flooding
system.
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[' l 14.2.2.3.3 Accident Simulation
t rv

a. Hydraulic Model

Blowdown of the reactor coolant system following an
assumed rupture has been simulated by using a modified
version of the FLASH 9 code. This code calculates transient
flows, coolant mass and energy inventories, pressures,
and temperatures during a loss-of-coolant accident. The
code calculates inflow from the emergency cooling and
calculates heat transferred from the core to the coolant.

Modifications were made to FLASH to make the model more
applicable to this system. The changes are as follows:

(1) The calculation of reactor coolant pump cavitation
was based on the vapor pressure of the cold leg
instead of the hot leg water.

(2) Core flooding tanks have been added. Water flow
from the core flooding tanks is calculated on the
basis of the pressure difference between the core
flooding tanks and the point of discharge into the
reactor coolant system. The line resistance and the
inertial effects of the water in the pipe are
included. The pressures in the tanks are calculated_s

[ \ by assuming an adiabatic expansion of the gas above
's I the water level in the tank.

(3) Additions to the water physical property tables
(mainly in the subcooled region) have also been
made to improve the accuracy of the calculations.

(4) A change in the steam bubble rise velocity has been
made from the constant value in FLASH to a variable
velocity as a function of pressure. The bubble
velocity term determines the amount of water remain-
ing in the system after depressurization is complete.
For large ruptures, this change in velocity shows
no appreciable change in water remaining from that
predicted by the constant value in the FLASH code.
For smaller ruptures, an appreciable difference

exists. Thevagiablebubblevelocityisbasedon
pertinent data and adjusted to correspond to data
from the LOFT semiscale blowdown tests.

Test No. 546 from the LOFT semiscale blowdown tests
is a typical case for the blowdoun through a small
rupture area. A comparison of the predicted and
experimentally observed pressures is shown in Figure
14.2-12, Figure 14.2-13 shows the percent mass

*
remaining in the tank versus time as predicted by

/''h the ccde. At the end of blowdown', the predicted

( _) mass remaining is 13 percent. The measured mass
_

remaining is approximately 22 percent.,
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The FLASH code describes the reactor coolant system by
the use of two volumes plus the pressurizer. The system
was grouped into two volumes on the basis of the tempera-
ture distribution in the system as follows

(1) Volume 1 includes half of the core water volume, the
reactor outlet plenum, the reactor outlet piping,
and apprcximately 55 percent of the steam generators.

(2) Volume 2 includes half of the core water volume,
the reactor inlet plenum and downconer section, the
reactor inlet piping, pumps, and 45 percent of the
steam generators.

(3) Volume 3 represents the pressurizer.

The resistances to flow were calculated by breaking the
reactor coolant system into 24 regions and calculating
the volume-weighted resistance to flow for a given rupture
locatien based on normal flow resistances. For the
double-ended ruptures, all of the leak was assumed to
occur in the volume in which that pipe appeared.

The reactor core power was input as a function of time
as determined by the CHIC-KIN code in conjunction with
the FLASH output. Steam generator heat removal was
assumed to cease when the rupture occurred.

The modified FLASH code has the capability of simulating
injection flow from the core flooding tanks. The core
flooding transient analysis was performed using the
reactor vessel pressure as predicted by FLASH to get the
flow from the core flooding tanks. Reactor vessel filling
was calculated by adding the mass remaining in the vessel
as predicted by FLASH to the mass injected from the core
flooding tanks. This method of calculation is conserva-
tive in that condensation of steam by the cold injection
water is not taken into account. A more recent analysis
using the FLASH code with condensation effects confirms

the conservatism used in this analysis.

Pressure, temperature, mass and energy inventories, and
hydraulic characteristics as determined by FLASH are input
into the core thermal code (SLUMP) and the reactor build-
ing pressure buildup code (COPATTA).

b. Core Thermal Model

The core heat generation and heat transfer to the fluid
are dependent upon the blowdown process. The FLASH
program includes a core thermal model and the feedbacks of

,, c'/~ 19" ""
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() heat transfer and flow on each other. While the FLASH
thermal model is acceptable for determining the effect of
core heat transfer en the blowdown process, a more exten-
sive simulation is necessary for evaluation of the core
temperature transient.

Additional analytical models and a digital computer program
(SLUMP) were developed to simulate the core thermal
transient for the period beginning with the initiation of
the leak and ending after the core temperature excursion
had terminated.

The model includes the effects of heat generation from
neutrons before reactor trip, neutron decay heat, and
fission and activation product decay heat; the exothermic
zirconium-water reaction based on the parabolic rate law;
heat transfer within the fuel rods, limited heat convec-
tion from the fuel clad surface to any fluid within the
core region, heat transfer from reactor vessel walls and
internals to the coolant, and heat transfer from fuel
rods to the steam necessary to sustain a metal-water
reaction; and all emergency injection flow and boiloff.

The basic model structure provides 50 equal-volume core
regions with input provisions to allow any choice of

p/ power distribution. The model may be used to simulate
y the entire core or any subdivision of the core. Therefore,

the core geometry may be detailed to the degree consis-
tent with the results desired.

The following parabolic law for the zircenium-water reac-
tion equation (11) with the following constants is
simulated for each of the regions:

dr K AE,

= exp -
dt RT(r - r)g

where

r = radius of unreacted metal in fuel rod

r = original radius of fuel rod
g

t = time

K = rate law constant (0.3937 cm /sec)

AE = activation energy (45,500 cal / mole)
'

R = gas constant (1.987 cal / mole K)

Y T = temperature, K
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The zirconium-water reaction heat is assumed to be
generated completely within the clad node. The heat
necessary to increase the steam temperature from the bulk
temperature to the reaction temperature is transferred
from the clad at the point of reaction, The above equa-
tion implies no steam limiting. All heat from neutron,
beta, and gamma sources is assumed to be generated within
the fuel according to the pre-accident power distribution
and infinite irradiation.

Within each of the regions there is a single fuel node
and a single clad node with simulation of thermal resis-

tance according to the normal fuel rod geometry. Provi-
sion is made to simulate four different modes of heat
transfer from the clad node to the fluid sink node by
specifying the time-dependent surface coefficient.

The surface heat transfer coefficient input data are
determined from calculations which are based on flow and
water inventory as furnished from the blowdown and the
core flooding tank performance analysis.

In the event that insufficient cooling is provided, the
program will allow clad heating to progress to the melting
point. At this point the latent heat of zirconium must
be added before the clad melts. Provisions are also
incorporated to allow the clad to be heated to tempera-
tures above the melting point before slump occurs.

As each region slumps it may be assumed to surrender heat
to a water pool or to some available metal heat sink. If
water is available an additional 10 percent reaction is
assumed to occur.

The program output includes the following (as a function
of time unless otherwise specified):

(1) Average fuel temperature of each region.

(2) Average clad temperature of each region.

(3) Percent metal-water reaction in each region.

(4) Time for the clad of each region to reach the metal-
water threshold, the beginning and end of melting,
and the slump temperatures.

(5) Heat transferred to the reacter building from the
Core.

14.2-14
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Aj (6) Heat generation by hydrogen and oxygen recombination.

(7) Total zirconium-water reaction.

(8) Total heat stored in metal sinks.

c. Reactor Building Pressure Model

Thereactorbuildingpressure-temperatureanalysgis
| performed using the digital computer code COPATTA. This

code is a Bechtel Corporation modification of the CONTEMPT
code. originally written by Phillips Petroleum Company in
conjunction with Oc LOFT project. The basic treatmentt

of the problem is very similar to that of the CONTEMPT
program but the modified code has been extended to

j analyze the short-term pressurization of the steam gener-
ator compartment during the early part of the blow-down.

j In this application of COPATTA, the reactor building is
considered divided into two regions: the atmosphere
(water vapor.and air mixture) and the sump region (liquid
water). Each region is assumed to be well mixed and in

! thermal equilibrium, but the temperature of each region
may be different. Mass and energy addition may be made
to the appropriate region to simulate primary system
blowdown, injection cooling overflow through the rupture,
and metal-water reactions including hydrogen recombina-,

tion. Boiling in the liquid region and condensing in the
; vapor region are accounted for, when conditions warrant,

and provide mass and energy transfers between regions.

The containment building is represented by several heat-
conducting segments, thermal behavior can be described
by the one-dimensional multi-region transient heat conduc-

'

tion equation. The heat-conducting segments may also be
; used to describe building internals which act as heat

sources or sinks. The program includes the capability of
cooling the atmosphere region by air coolers and water
sprays, and cooling the sump water being recirculated to
the reactor vessel by decay heat coolers.

"

Calculations are begun by computing initial steady-state
atmosphere conditions from the input data obtained from
FLASH and SLUMP. Subsequent calculations are performed
-at specified time steps. Following the rupture, the mass
and energy addition to the building atmosphere is
determined for each time step. Heat losses or gains due
to the heat-conducting segments are calculated. Then
the $ ass,ivolume, and energy balance equations are solved |

~

to determine building pressure, temperature of the liquid '

and vapor region, and mass transfer between regions.

O
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14.2.2.3.4 Accident Analysis

a. Core Floodine Tank-Desien Base Accident

The core flooding tank design criteria is based upon the
DBA condition such that the 36-in. ID, double-ended pipe
rupture produces the fastest blow-down, restricting heat
removal from the fuel. This case therefore represents
the most stringent emergency core cooling requirements.
Results from the modified version of FLASH indicate that
the core flooding tank simulation provides for the
retention of all injection plus a portion of the original
reactor coolant that would otherwise have been released.
Thus, the cool injection water provides a cooling and
condensing effect which reduces overall leakage. For the
present analysis, no credit has been taken for the extra
accumulation of water due to the condensing effect.

A detailed analysis of the void shutdown and core response
was made with the digital computer program CHIC-KIN.
This program accounts for hanges in flow, pressure,
enthalpy, and void fraction. It also computes axially
weighted Doppler and moderator coefficients of reactivity
for the kinetics calculation. The Doppler coefficient is
input as a nonlinear function of fuel temperature, and
the moderator void coefficient is input as a function of
void fraction. The parameters describing the coolant
were obtained from the digital computer program FLASH,
which in turn ussd the neutron power cutput from CHIC-KIN.
The core is asr,umed to be initially at the ultimate power
level of 2568 Mwt.

Figures 14.2-14 and 14.2-15 show the results of the hot

leg, 14.1-ft' rupture simulation without trip action.
Figure 14.2-14 is the neutron power trace, and Figure
14.2-15 shows the various components of the reactivity
feedback.

Figure 14.2-16 shows the total energy generated for ghe
spectrum of leak sizes in the hot leg. Above a 3-ft' rup-
ture the blowdown forces on the control rod are greater
than the normal core pressure drop so that control rod
insertion is not as rapid for the larger break sizes.
The dashed portion of the curve represents an estimate
of degraded control rod insertion velocity for the inter-
mediate rupture sizes. The blown down forces on the con-

trol rods during cold leg rupture do not inhibit rod drop
velocity for the complete spectrum of leak sizes. Accor-
dingly, the data presented for the spectrum of cold leg
rupture is based upon reactor trip characteristics. The
results of this study have been used for determination of
hot spot clad temperatures for the loss-of-coolant accident
spectrum analysis presented in the following pages under
14.2.2.3.4.b. ,

]] h2'
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[_h
K._ ,/ The transient core flow from the FLASH analysis of the

36 in. ID, double-ended rupture was used to determine the
core cooling mechanism used in SLDiP. The very high flow
rates during the initial blowdown period provide nucleate
boiling conditions. Mcwever, the time for Departure from
Nucleate Boiling (DNB), especially for the hot regions,
is extremely difficult to determine. Therefore, a con-
servative approach was adopted by assuming DNB at 0.25
sec. Nucleate boiling surface coefficients at high flow

2rates may exceed 50,000 Btu /hr-ft -F. A nucleate boiling
2surface coefficient of 25,000 Btu /hr-ft -F was used in

the analysis. However, the series heat transfer from the.
clad node to the fluid sink is limited to 6,500 Btu /hr-ft'-
F by the relatively low conductance of the clad.

.

After DNB the surface heat transfer was calculated using
the flow provided by FLASH results and Quinn's modified
version of the Sieder-Tate 13 correlation:

0.8 0.14

[E [EB\
~

k 0.8 1/3 1-x Bh = 0.023 (NRe) (NPr) 1+ i 1 i |-

"
_ ( #r /_ ("w/x

b where

h = two-phase film heat transfer coefficient,
TPF 2Btu /hr-ft -F

k = fluid conductivity, Btu /hr-ft -F

Dh = hydraulic diameter, ft

N = Reynolds number
Re

N r = Prandt1 numberP

X = quality

p = density

p = viscosity

subscript B = 3alk

subscript F = Film

subscript W = Wall
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With this correlation, bulk steam properties are used
in the basic form, and the last two bracketed terms are
modifiers which correct for quality and different condi-
tions at the wall.

Figure 14.2-17showsthecoreflowvs time for the 14.1
ft leak as calculated by FLASH.

Figure 14.2-18 shows the clad surface heat transfer
coefficient versus time based on the flow of Figure 14.2-17
and the modified Sieder-Tate equation. The straight line
in Figure 14.2-18 indicates the surface heat transfer
values which were used in SLUMP, and which are conserva-
tive as compared to the results obtained from the Sieder-
Tate equation.

In applying the Sieder-Tate equation constant values of
bulk steam quality and temperature corresponding to the
most conservative assumptions were used.

A sensitivity analysis was made for maximum coefficients
in SLUMP ranging from 400 to 2,000 Btu /hr-ft2-F initially
and decreasing to zero at the end of blowdown. Results
are discussed below.

After blowdown no core cooling is assumed until after
core recovering starts. When the water level reaches the
core bottom and starts to rise up on the core, the sub-
merged portion will be cooled by pool boiling, and any
steam thus produced will provide some cooling for that
portion of the core above the water line. However, in
determining peak clad temperatures no cooling is assumed
for that portion of the core which is above the water
line.

At the point of initial contact of cool water against hot
cladding the heat flux and temperature differences will
be such that film boiling is the probable mode of heat
transfer. This mode provides the lowest surface coeffi-
cients which would be in the range of 100 to 300 Btu /hr-

2ft -F. However, in evaluating the core flooding tank
design a conservative approach was used by assuming a

2value of 20 Btu /hr-ft -F. This value is adequate for
terminating the temperature excursion in the clad.

The core flooding tank analysis incorporated the study
of performance sensitivity to three significant core
flooding tank parameters: (a) gas pressure (400 to 1,000
psig), (b) ratio of nitrogen gas volume to total volume
(1/3 and 1/2), (c) and size of piping between the core

9
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Standby Safeguards Analysisp)( floodi,g tanks and the reactor vessel (12 in. and 14 in.'"'
ID). Fictre 14.2-19 shows the reactor vessel water level
versus time for core flooding tanks operating at 600 psig
with different combinations of volume ratio and line size.
This figure includes an allowance for bolloff and also
shows the effect of the flow provided by high pressure
and low pressure injection beginning at 25 see with
emergency power available. Similar curves for 400 psig
and 1,000 psig core flooding tanks are shown in Figure
14.2-20. Figure 14.2-21 shows the maximum clad tempera-
ture reached by the hot spot and by the 1, 2, 3, 4 and
5 percentiles of the core as a function of quench time.

The quench time for a given percentile is taken as that
time when the water level reaches the highest point in the
core at which the peaking factor corresponding to that
percentile exists. The fact that the same peaking factor
may exist at some lower point in the core provides an
inherent conservatism in the data as plotted. The axial
peaking factor profile for the beginning of core life was
used as it imposes the most stringent requirements on the
core flooding tank design.

Peak temperatures for the core flooding systems described
above are also shown on Figure 14.2-21. These curves

(~~g demonstrate that all of the systems presented are capable
(~') of keeping the peak temperature at the hot spot more than

1,000 F below the melting temperature of the clad. The
amount of zirconium-water reaction which occurs for each
of these core flooding systems is shown in Table 14.2-2.
While this preliminary analysis indicates some difference
in the performance of the systems, it is not considered
to be a significant difference since the analysis was per-
fonned without considering the effects of condensation
by the core flooding coolant or of possible bypass to the
leak of part of the coolant.

The preliminary core flooding tank design selected is
3 3for a 600 psi charge pressure, 940 ft of water, 470 ft

of nitrogen, and a 14 in, supply line. The performance
of this system in limiting core temperatures is approxi-
mately in the center of the range for the systems described.
The parameters selected for the final system design will
be based on the results of core melting analyses to be
conducted as part of the final design of the reactor.
For this 600 psi charge pressure, Figure 14.2-21 indicates
that the hot spot clad temperature would reach 1,950 F
at 17.5 sec and that less than 5 percent of the core
would exceed 1,690 F. For this same case calculations
indicate less than 0.005 percent total zirconium-water
reaction for the whole core.

|3
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TABLE 14.2-2
CORE FLOODING TANK PERFORMANCE DATA

Line Nitrogen Total Metal
Size, Volume, Water Reaction,

Pressure in. % of Total %

400 14 33 .022
400 14 50 .009
600 14 33 .005
600 14 50 .002
600 12 33 .022
600 12 50 .0101,000 12 33 .0031,000 12

-
50 =0

Additional analysis was performed to evaluate the sensi-
tivity of the maximum clad temperature to three important
thermal parameters. All cases discussed below have in
common the following parameters

Parameter Performance

Leak size: 14.1 ft

OTime of D!G: 0.25 see

Time at ultimate power: 2 see

Time that blowdown cooling
ends: 9.5 see

Core region: Hot spot

Time to initiate quenching: 18 see

Dependent variable examined: Clad temperature for hottest
5 percent of core

Figure 14.2-22 shows the clad maximum temperature sensi-
tivity to the initial surface heat transfer coefficient
after the 0.25 see nucleate boiling period. The coef-
ficient is linearly decreased to zero at 9.5 sec. Zero
cooling is maintained until quenching is initiated with

2a clad surface coefficient of 20 Btu /hr-ft -F. Previous
discussion indicated justification for assuming 1,000
Btu /hr-ft2-F for the clad surface at 0.25 sec. Figure
14.2-22 shows that a value of 1,000 is not on the most
sensitive part of the curve and a 20 percent decrease in
h would only result in increasing the peak clad tempera-
ture 120 F.

'' ~
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(7'' ') The assumption that DNB occurs at 0.25 see is quite con-
,

servative. The duration of the nucleate boiling period
has been evaluated to show the sensitivity of the maximum
fuel' temperature to this parameter. Figure 14.2-23 shows
the effect of variation of time to reach a DNB. It

should be noted that if DNB occurred at the time of rup-
ture, the peak temperature would only increase about 30 F
above 1,950 F.

Figure 14.2-24 shows hot spot clad temperature transi-
ents for a range of injection cooling coefficients.
All cases have a clad surface coefficient h equal to
1000 Btu /ft2-F at 0.25 sec, decreasing to zero at
9.5 sec. Heat removal is then zero until the effect
of injection cooling is simulated. Figure 14.2-24
shows that without any cooling the temperature
reaches the melting point in approximately 50 sec.

The analysis of core cooling has been based upon 2.1 full-
power seconds resulting from a void shutdown using the
maximum positive moderator temperature coefficient of
+1.0 x 10-' ( ak/k)/F. The effect of variation of the
integrated power on hot spot clad temperature is shown
in Figure 14.2-25. The resultant integrated power before
a void shutdown occurs could increase to 3.4 full-power

(''N seconds before the hot spot clad temperature would reach
( ) 2,300 F, the temperature at which 1.0 percent Zr-water

'"

reaction occurs.

An h value of 15 stops the fast temperature excursion and
allows only a low rate of increase thereafter. Since the
continuously increasing depth of coverage provided by
the flooding tanks and the pumped flow injection systems
provide additional cooling capability with time, an
initial cooling value as low as 15 is probably adequate.

An h value of 20 provides immediate quenching action and
a slow cooling rate thereafter.

An h value of 100 provides very fast cooling. Even
though the 100 is a realistic value for film boiling in
a pool - the probable mode for the submerged portion of
the core - a more conservative value of 20 has been used
as the reference for evaluating core flooding tank per-
formance.

Figure 14.2-26 shows hot spot clad temperature transients
for a range of pool fluid sink temperatures. Parameters
for heat transfer prior to 18 sec are the same as dis-
cussed in the preceding paragraph. At 18 sec a surface

7
,.

I
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2coefficient of 20 Btu /hr-ft -F was applied with sink
temperatures as indicated. All results reported herein
previously have had a sink temperature of 280 F during
the quenching period. Prior to quenching, the sink temper-
ature in all cases is based on the transient fluid pres-
sure which results from the FLASH analysis. Figure
14.2-26 shows that any sink temperature below approxi-
mately 500 F is adequate for holding or reducing the clad
temperature which existed at 18 sec. The core f1 coding

tanks will provide a high flow of cool water. Although
.

some heating will occur from contact with hot metal |
before the injection water reaches the core, the tempera-
ture rise could not be over 50 F assuming that the water
came in contact with all reactor coolant system metal
below the nozzle level before it contacted the core.
Using a reference value of 280 F provides an aaded con-
servatism to the analysis.

In conclusion, the analysis has shown that the preliminary
design of the care flooding system will provide for
covering approximately 80 percent of the core at 25 sec
after the double-ended rupture of the 36-in. ID pipe first
occurs. Beyond this time high pressure and low pressure
injection will provide a continuous increase in the water
level.

hThe clad hot spot temperature excursion is terminated at
1,950 F and less than 5 percent of the total cladding
exceeds 1,690 F. Only a minute amount (0.005 percent) of
zirconium-water reaction occurs, and the maximum tempera-
ture is at least 1,400 F below the clad melting point.

The temperature transient in the core can produce signi-
ficantly higher than normal temperatures in components
other than fuel rods. Therefore a possibility of eutectic
formation between dissimilar core materials exists.
Considering the general area of eutectic formation in the
entire core and reactor vessel internals, the following
dissimilar metals are present, with major elements being
in the approximate proportions shown.

Type 304
Stainless Steel Control Rod Zircaloy - 4 UOy

19% Chromium 807. Silver 98% Zirconium
107. Nickcl 15% Indium 1 3/4% Tin
Falance Iron 5% Cadmium

All these elements have relatively high melting points,
i.e., greater than 2,700 F, except those for silver, cad-
mium, and indium which, in the case of indium, is as low

CO J *},9 gO')as approximately 300 F. , , . .

-
.
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I )
''i The binary phase diagram indicates that zirconium in the

proportion of 75 to 80 percent has a eutectic point with
either iron, nickel, or chromium at the temperatures of
approximately 1,710, 1,760, and 2,370 F, respectively. If

these dissimilar metals are in contact and if these
eutectic points are reached, the materials could theoreti-
cally melt even though the temperature is below the melt-
. ing point of either material taken singularly.

.

One point of such dissimilar metal contact is between
Zircaloy-clad fuel rods and stainless steel spacers. The
analysis of the performance of the core flooding tanks

.

during a loss-of-coolant accident indicated that only 4
' percent of the cladding would ever exceed the zirconium-

iron eutectic point. Since the spacers are located at
21 in. intervals along the assembly and each grid has a'

very small contact area, only a fraction of the 4 percent
would be in contact with stainless steel. The approximate

3
time period that the 4 percent of the cladding is above
the eutectic point is 30 sec. Because of the relatively.

'
small area of contact, the condition could not progress
very far and fuel geometry would be maintained. Unless
the proper ratio of metals is available, the melting point

,

2 is higher _than the eutectic point.

(x- /h
Another area of dissimilar metal contact is that of a
zirconium guide tube with the stainless steel cladding of4

the control rod. Following blowdown, heat can be generated
in the control rods by absorption of gamma rays. Beta
ray decay heat will be deposited in the fuel rods where
generated. Since gamma decay heat is only about one-half
the total decay heat, and the control rod is shielded
from the fuel by a guide tube, heat generation rates in
control rods will be less than one-half the rates in the
: fuel. .As a result, _the peak heat generation rate in
control rods adjacent to hot spot fuel would not exceed
an estimated one-half times the rate in these fuel rods
which have a 3.1 power ratio. The contribution from
radiant heat transfer from higher powered fuel rods would
be relatively small. The analysis of core melting shows
-that,' with core ' flooding tanks, fuel rods with a 1.5 power

# ratio will not' exceed 1,500 F. This is well below the
eutectic melting point.

1

The reactor core will remain subcritical after flooding
without control rods in the core because the injection
water contains sufficient boron (2,270 ppm) to hold the
reactor suberitical at reduced temperatures. The most
stringent boron requirement for shutdown without any

' '

control rods is at the beginning of core life when the.
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reactor is in a cold, clean condition and 1820 ppm boron
f 0.99.(See Table 3.2-6,are required to reintain keff

Soluble Boron Levels and Worth.) The concentration exist-
ing in the reactor building sump after a loss-of-coolant
accident from operating power at the beginning of core
life is 2174 ppm boron. This concentration represents a
boron margin of 354 ppm above the subcriticality design
value margin of 1 percent.

b. Core Cooline Analysis for Spectrum of Leak Sizes

An analysis of the loss-of-coolant accident has been made
for a spectrum of leak sizes and locations. This infor-
mation has been analyzed and is reported according to the
following grouping: (1) hot leg ruptures, (2) cold Icg
ruptures, (3) injection line failures, and (4) injection
system capability.

(1) Hot Leg Ruptures

In 14.4.4.5.4a an analysis of the 36-in. ID,
double-ended pipe rupture was presented. This
accident produced the fastest blowdown and lowest
heat removal from the fuel, therefore producing
the highest cladding temperatures of any loss-
of-coolant accident. This was therefore the
basis for design of the core flooding equipment.
A decrease in the rupture size assumed results
in decreased maximum clad temperature during a
loss-of-coolant accident.

Core cooling evaluations have been performed for a
spectrum of four additional rupture sizes using the
same basic calculational technique and assumptions
as for the large rupture case. These rupture sizes
are 8.5, 3.0, 1.0, and 0.4 f t2 The mass released to
the reactor building for these ruptures is shown in
14.2-27. The reactor coolant system pressure-time
history for these rupture sizes is shown in Figures
14.2-20 and 14.2-28.

The reactor vessel water volume as a function of
time af ter the rupture for the various rupture
sizes is shown in Figure 14.2-29. These water
volume curves were generated utilizing the flow
available from core flooding tanks, one high pres-
sure injection pump, and one low pressure injection
pump. The pumping sys tems were assumed to have a

2 combined capacity of at least 3,500 gpm with a high
pressure pump running on emergency power within 25
see after the rupture, and a low pressure pump
delivering 3,000 gpm when the pressure has decayed
sto 150. psi, or at 25 sec, whichever occurs later..

Oh) Amendment 2*
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Figure 14.2-30 shows the hot spot clad temperature
as a function of time for the various rupture sizes.
As can be seen from this figure, the small-sized
ruptures yield maximum clad temperatures which are
considerably-lower than those resulting from the
larger sizes. The results of this study are shown
in the following Table 14.2-3.

TABLE 14.2-3
TABULATION OF LOSS-OF-COOLANT ALCIDENT CHARACTERISTICS

FOR SPECTRUM OF HOT LEG RUPTURE SIZES

Rupture Minimum Water Level Below Hot Spot

Size, Full-Power Bottom of Core, Max. Temp.,

ft2 Seconds ft F
,

a

14.1 2.1 -6.8 1,950

8.5 3.4 -5.2 1,916
3.0 1.5* -2.2 1,235
1.0 1.5* +4.7 1,075

; 0.4 .1.5* +12.0 1,015
!

* Blowdown forces on control rods are equal to, or less than, normal
pressure drop, and control rods will insert with normal velocities.( .

These values are.for trip shutdown rather than for a void shutdown,''

; but include void reactivity effects.

,

(2) Cold Leg Ruptures

A similar analysis of a spectrum of rupture sizes
has been made for the cold leg piping. The rupture
sizes tabulated are the double-ended, 28-in. ID,

,

2inlet pipe, which yields 8.5 ft of rupture area,
and the 3.0 ft2, 1 ft2, and 0.4 ft2 sizes of rup-
ture area.

The reactor coolant system average pressure for
this spectrum of rupture sizes as a function of time
is shown'in Figure 14.2-31. The water level as a
function.of time is shown on Figure 14.2-32. The
water level calculation has been based upon unin-
hibited flooding as the check valves are provided in
the core support barrel to equalize pressures and
permit the trapped steam above the core to escape
out the rupture.

(~') ' 00
.-

..-

000 0232'
>

14.2-25

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



S tandby Safeguards Analysis

The hot spot temperature as a function of time for
the spectrum of cold Icg leak sizes is shown in
Figure 14.2-33. The results of this analysis are
shown in the following Table 14.2-4 below.

TABLE 14.2-4
TABlTLATION OF LOSS-OF-COOLANT ACCIDENT CHARACTERISTICS

FOR SPECTRUM OF COLD LEG RUPTURE SIZES

Rupture Pipe Minimum Water Level Below Hot Spot
Size I.D. Full-Power * Bottom of Core, Max. Temp.,
ft2 In. Seconds ft F

8.5 28 0.4* -6.7 1,785
3 16 1.0* -4.8 1,575
1.0 10 1.8* +3.6 1,250
0.4 6 1.3* +7.0 1,090

* Blowdown forces on control rods are equal to, or less than, normal
pressure drop, and control rods will insert with normal velocity.
These values are for trip shutdown rather than void shutdown, but
include reactivity effects.

(3) Evaluation of Emergency Coolant Injection Line Failure

The evaluation of a low pressure injection line
failure has been made, and the results of the analysis
show that the reactor is protected. The rupture of
a pipe which connects a core flooding tank and the
low pressure injection flow to the reactor vessel
was assumed to fail adjacent to reactor vessel and
before the first check valve. (See Figure 6.1-1).
This pipe has an internal diameter of 11.5 in., and
the resultant rupture area is 0.72 ft2,

Interpolation of available blowdown calculations has
becn used to evaluate this rupture size, and the
data show that a rupture of this size would result
in the core being uncovered several feet below the
top of the core. However, the hot spot will never
be uncovered, and peak cladding temperatures will be
slightlyIgssthanthat shown in Figure 14.2-33 for
the 1.0 ft cold leg rupture.

Since this small rupture size leaves a considerable
water inventory in the reactor vessel, the remaining
core flooding tank inventory is more than adequate

2 to completely reflood the core.

OU0 :
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14.2-26 Amendment 2



Standby Safeguards Analysis

- - - The other low pressure line can supply 3,000 gpm of
water to the reactor vessel and provide coolant to
keep the core cooled. The combined capacity of the
two high pressure pumps is 1,000 gpm which is in
excess of the boiloff rate (680 gpm) due to decay
heat immediately after blowdown. With a single 500
gpm high pressure injection pump the excess water
above the core is adequate to prevent the core from
being uncovered below the three quarter elevation
and beyond 300 sec. the water level will begin to
increase.

High pressure injection includes two independent
strings of flow to supply borated coolant to the 2

system. If a rupture of high pressure injection
piping were to occur in one of the four lines
between the attachment to the reactor coolant pipe
and the check valve, the other string of this
system would have adequate capacity to protect the
core against this small leak. In the event of a
component failure in the second high pressure injec-
tion loop, the ruptured flow path can be monitored
by the operator and spillage flow can be stopped by
isolation of the affected piping. The entire capac-
ity of one pump can then be utilized to handle the,_

I small rupture and protect the core.

(4) Evaluation of Emergency Core Injection System Per-
formance for Various Rupture Sizes

The loss-of-coolant analysis is based upon the opera-
tion of one high pressure injection pump (500 gpm), y
one low pressure injection pump (3,000 gpm), and the '

operation of the core flooding tanks. The capabil-
ity of other combinations of engineered safeguards
to provide core protection has been evaluated in a
preliminary analysis. This capability is shown on
Figure 14.2-34.

In this evaluation the core is considered protected
if the combination of emergency cooling systems
considered will prevent core damage which would
interfere with further core cooling.

The high pressure injection equipment with one pump |2' operating can accommodate leaks up to approximately
3 in. in diameter. The preliminary analysis upon
which this conclusion is based indicates that one

2pump will probably have the capability to protect
the core for leaks somewhat larger.

'

A combination of one high pressure pump and one low |2
-~

pressure injection pump will protect the core up to. ;

I lAmendment 2 -? U
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2a 0.4 ft leak. This is equivalent to the rupture

3| of a pressurizer surge line. Two high pressure
injection pumps plus two low pressure injection
pumps can protect the core up to leak sizes of 3.0
ft2,

This is considerably in excess of any of the piping

3| connecting to the reactor coolant system. One high
pressure injection pump, plus the core flooding tanks

3| and one low pressure injection pump, can protect the
2core up to 14.1 ft which is a double-ended rupture

of the 36-in. ID, hot !eg piping.

The core flooding tanks and one low pressure injec ,
tion pump can protect the core from about a 0.05 ft-

2leak up to the 14.1 ft leak. Figure 14.2-34
demonstrates that high pressure injection system
provides core protection for normal operating leak-
age and for small leaks in which pressure decay of
the system may be slow. For intermediate leak
sizes, either the core flooding tanks or low pressure
injection protects the core following the loss-of-
coolant accident. For very large leaks in the
category of a double-ended rupture of the reactor
coolant piping, the core flooding tanks and low
pressure injection together protect the core. For
these leaks the core flooding tanks provide immediate
protection and can protect the core for several
minutes following the rupture. Due to their limited
volume,.they must be supplemented by the high flow
from the low pressure injection pumps within several
minutes following the leak in order to prevent the
core from again becoming uncovered as a result of
boiling off the core flooding tank coolant.

This evaluation of emergency core cooling capability
demonstrates that the core is protected for the
entire spectrum of leak sizes in both hot and cold
leg piping,

c. Reactor Buildine - Desien Base Accident

The basis for this analysis is that the high pressure
injection (makeup and purification system) and the low
pressure injection (decay heat removal system) are func-
tioning and the core flooding system is not working. It
was assumed that the makeup and purification system had one

2 of three pumps in operation and that the decay heat removal
system had both pumps available for operation. These
systems, operating on emergency power, were assumed to be
capable of delivering a total injection to the core of
6,500 gpm within 25 seconds af ter the accident occurs. The
reactor operating conditions used in this analysis are
listed in Table 14.2-5. Operation of the core flooding
system was not included in any of thp building pressure
transient analysis. }},

I 14.2-28 ^ " "*"
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{
Ag This approach is_ conservative since any combination.

- of two flooding tank operations and minimum flow from
the high and low pressure pumps will provide a lower 2
energy release rate and peak reactor building pres-
sures than those resulting from the 6,500 gpm-flow.

During blowdown, mass and energy releases to the reactor
building are calculated by FLASH. Figure 14.2-27 is a
plot of mass released to the reactor building.and Figure
14.2-28 is a plot of reactor coolant average pressure,
each calculated by FLASH for the spectrum of hot leg rup-,

| tures. Following blowdown a 20-region SLUMP model was
used to simulate the core thermal transient. This simula-
tion includes fuel heat generation, metal-water reaction,

.and quenching when the injection water provided cooling-

by. contact with the core. The hydrogen liberated in the,

metal-water reaction is transported out of the core by
the steam and is burned at the rate formed in the reactor-
building atmosphere.

. As any given segment reached the temperature of 4,800 F it
I was assumed.to drop into water below the core and release

all heat down to a datum of 286 F. Also, it was assumed
that 10 percent additional zirconium-water reaction occur-

. red. When the water covered approximately 25 percent of
' p the core, the surface heat transfer coefficient from all
: \ thg core clad to the water was assumed to be 100 Btu /hr-'

ft -F. The determination of water level was based on
injection flow and included the effects of boiloff.

TABLE 14.2-5
REACTOR OPERATING CONDITIONS FOR EVALUATION

Parameter Value

Reactor Coolant System Pressure, psig 2,1854

Reactor Coolant Average Temperature, F 584

Reactor Power Level (ultimate), Mwt 2,563

Reactor Coolant Systim Mass, Ib 519,173

Initial Reactor Building Temperature, F 120

Initial Reactor. Building Relative Humidity, % 50

Initial Reactor Building Pressure, psia 14.7

O) Assuming a pool boiling coefficient of 100 for the whole
-\ core whenjonly 1/4 was covered is conservative for reactor

~~
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Standby Safeguards Analysis

building pressure analysis because it compressed overall
energy transport into the shortest credible period.

Heat was also released from the hot metal of reactor
coolant system and the reactor vessel internals. During

theblowdownperiogasurfaceheat transfer coefficient
of 1,000 Btu /hr-ft -F was used. After blowdown this

2coefficient was changed to 100 Btu /hr-ft -F for the netal
2below the leak and 5 Btu /hr-ft -F above the leak. The

coolant sink temperature was provided by FLASH for the
blowdown period and assumed to be 286 F thereafcet. The
internal heat transfer of the metal was based on a multi-
layer finite difference model. The whole process of
reactor coolant system metal heat transfer was simulated
with a digital computer program.

All heat transferred from the core and the reactor coolant
system metal was assumed to generate steam without taking
credit for the subcooled condition of the injection water
(except for that portion which was boiled off) until the
reactor vessel was filled to the leak height. Thereafter

3| all energy was removed by the 6,500 gpm injection flow
of subcooled water, and the energy release to the reactor
building atmosphere terminated. Fo delay was assumed in
transporting steam to the reactor building.

Both reactor inlet (cold) and reactor outlet (hot) line
breaks were analyzed with FLASH. However, a complete
analysis was made only for the hot line breaks since
they provided for the most rapid heat transport from the
core. This was true because the hot line breaks had
longer blowdown and better heat transfer during blowdown
than did the cold line breaks.

'

In calculating the reactor building pressure, it was con-
servatively assumed that the average temperature of the
building atmosphere and structural materials was 120 F.
Upon Telease of hot reactor coolant, the steel and
concrete act as heat sinks which reduce the reactor
building pressure. The heat sinks considered in this
analysis are specified in Table 14.2-6.

The heat transfer coefficients between the containment
atmosphere and the regions exposed to it were patterned

af ter the data of Kolflat and Chittenden.18 The
coefficient for steel surfaces was 620 Btu /hr-ft2_p
at time zero, then stepped down to 40 Btu /hr-f t2
af ter a total heat transfer of 110 Btd/ft2 had been
achieved. The coefficient for exposed concrete

2surfaces was a constant 40 Btu /hr-f t -F. For heat
transfer from the sump water to the concrete floor a
coefficient of 20 Btu /hr-ft2-F was used. No credit
was taken for heat transfer to reinforcing steel in
the concre te s tructures.

.

.
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TABLE 14.2-6
REACTOR BUILDING STRUCTURE DATA FOR ANALYSIS OF

TIME-DEPENDENT BUILDING PRESSURE

Structure Measurement

3Reactor Building Free Volume, ft 1,900,000

Reactor Building Dome

2Liner surface,-ft 17,100

Cross-section dimensions:
S teel liner, in. .25
Concrete, ft 3.25

Reactor Building Cylinder

2Line. surface, ft 61,000

Cross-section dimensions:
Steel liner, in. .25
Concrete, ft 3.75

Reactor Building Floor Slab,-ss

( \

\+- Exposed surface, ft 8,900'

Cross-section dimensions:,
'

Concrete, ft 1.25
Steel liner, in. .25
Concrete, ft 10.0

'
Lined Refueling Cavity |

2
Exposed surface, ft 7,700
Cross-section dimensions:

Steel liner, in. .1875
Concrete, ft 1.5

i

Miscellaneous Unlined Concrete

2
Exposed surface, ft 62,800

,

Cross-section dimension: :
Concrete, ft 1.5

Structural and Miscellaneous Exposed Steel |

Mass, lb 844,000
Equivalent slab:

2Exposed surface, ft 22,000
Thickness, in. 1.0

cd 000 0238
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Standby Safeguards Analysis

Two complete systems are provided to cool the reactor
building following the loss-of-coolant accident: (1) four
reactor building cooling units operating in the emergency

modeand(2)a3,000gpmbug1dingspray. Either of these
systems can remove 240 x 10 Btu /hr at a building atmos-
phere temperature of 286 F. These systems operate on
emergency power and their startup is assumed to be
delayed until 35 seconds after the rupture occurred in
the pressure transient analysis. A summary of the
input parameters and the results for all cases studied
are tabulated in Table 14.2-7.

The largest rupture studied was the complete severance
2of a 36'-in. ID reactor coolant system pipe (14.1 ft

rupture area). The high pressure and low pressure injec-

3| tien systems were assumed to begin injecting 6,500 gpm of
borated water into the reactor coolant system at 25 sec
after rupture. Figure 14.2-35 illustrates the resulting
reactor building pressure transient for the case where
only the four emergency air coolers operate (Case 1 of

Table 14.2-7). The peak pressure resulting f rom this
accident occurs 180 sec af ter the rupture at a value of

%
,

56.7 psig.

An analysis of the reactor building pressure for the
36-in. ID pipe rupture and spray cooling of the building
without the emergency air coolers has also been performed
to demonstrate the effectiveness of this system (Case 2
of Table 14.2-7). Initially, water for the building
sprays and for injection to the core is taken from the
borated water storage tank. When water from the borated
water storage tank is exhausted, the water collected in
reactor building sump is recirculated through the reactor
building sprays and through the decay heat removal coolers
to supply the low pressure injection water.

The water temperature in the reactor building sump during -

the recirculation phase of a loss-of-coolant accident is
maintained below saturation temperature by the decay heat
removal coolers. These coolers reduce the temperature
of water recirculated to the reactor vessel and returned
to the reactor building sump. The heat transfer surface
of these coolers is set by the normal operating condi-
tions under the decay heat removal operation mode. The
cooling capability of this mode of operation will main-
tain the reactor coolant at 140 F or less at 20 hours
after extended rated power operation and is in excess
of that required under accident conditions when a higher
temperature difference exists between recirculated water
and the cooling service water. The performance of these
coolers at various inlet temperatures is shown in Figure

000 0239
-
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. TABLE 14.2-7
'

'
SDDIARY OF REACTOR BUILDING PRESSURE ANALYSIS

l-
|

| Time Ru.m - -- 3 -d' d h.g
| SIS Figures
| Starts Showing Peak TTe r:. ~4 n Press
| Engineered Safeguards in Effect Sec 'Results OF" :sig

|safetyinjectionsystems, 6,500 gpm, 25 14.2-35 2SS5 56.7 [1
't at 25 seconds. Emergency buildiny, 14.2-42-

6cra, 240 x 10 Btu /hr peak duty start 14.2-44
)5 seconds
'

25 14.2-36 2855 56.2 [2) safety injection systems, 6,500 gpm,
)t'at 25 seconds, Tegin recirculating 14.2-37
pwaterthroughdecayheatexchangers
jl90 seconds. Building spray system,
[0 gpm, start at 35 seconds

9 safety injection systems, 6,500 gpm, 25 14.2-38 2553 55.3 |3
Itat25secongs. Emergency building
lers, 240 x 10 Btu /hr, start at 35

Bnds

3 as Case 3 14.2-39 2856 57.1
14.2-43
14.2-45

3 as Case 3 14.2-40 2779 51.7
,

i3 as Case 3 14.2-41 2771 '5.6-

,

:

Lh maximum credible metal-water reac- 14.2-46 2E56 57.8
D)~ core safety injection systems, j
[0gpm. Emergency building coolers, g ~,
!x 106 IBtu /hr. (Answer for Crite-
b 49.)

'

[b variable metal-water reaction rate) 14.2-47 39,0,

3 ding spray systems, 3,000 gpm, start |
D5 seconds. Emergency building

'

[Lers, 240 x 106 Btu /hr (peak duty), i
7t at 35 seconds. Core safety i
3ction systems do not operate. { .

i

s as Case 3 14.2-48 2ES2 53.54

G as Case 3 .14.2-49 2ES2 53.9 1

D as Case 3 14.2-50 2283 54.4

L OMI.
.

'
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| flooding tanks do operate, the amount of zirconium-water
reaction will be limited to only 0.063 percent for a |1

'

,

36-in. ID pipe rupture, and the potential hydrogen energy
release is approximately 57,000 Btu. This amount of |1i

energy will not significantly affect reactor building,
'

pressure if ignition is delayed or if the hydrogen burns ;

as formed.

j - For the case of no core flooding tanks, as used in the ;

above reactor building design pressure evaluation, the
,

b amount of metal-water reaction for the 36-inch ID, double- y
j- ended rupture is about 8 percent. The reaction begins at

40-sec and stops at 130 sec, by which time the 6,500 gpm |3'

of injection flow provides suffi_cient coolant inventory to ;

the reactor vessel to recover the hot spot and quench the
reaction. The steam flow during this period is assumed to

|
. provide the transport mechanism for the hydrogen generated.

; The resultant concentration of hydrogen (at the time of
maximum metal-water reaction rate) in the steam leaving
the reactor vessel is 7.2 volume percent. This con-
centration is below the flammability limit. Further4

dilution will occur as the steam enters the reactor
building, and combustion will not occur even as the
reactor building is depressurized,<

i The effect of core flooding tanks on the reactor building

j y pressure is shown in Figures 14.2-48, 14.2-49, and 14.2-50.
In this analysis the minimum high pressure and low pressure
injection flow (6600gpm) starts in 25 seconds and the,

reactor building emergency cooling starts at 35 seconds.
Each core flooding tank contains 7,000 gallons .of water.
For the 36-inch ID, double-ended -pipe rupture (Case I of'

; Table 14.'2-7) two core flooding tanks limit the zirconium
water reaction to 0.063 percent, and the potential hydrogen '-

;

'

! energy release is approximately 57,000 Btu. In this case
a peak building pressure of 53.5 psig is reached. One

1'

core flooding tank will limit the zirconium-water reaction
to 0.454 percent; however, the peak building pressure will' !

'

1 - be about-the same as with two tanks operating. This

j- happens'because the steam released to the building atmos- |

phere during the core recovering appears later in the
transient in the case of one core flooding tank and by

* ^ - that time the original high building' pressure has subsided
due to action of the heat sinks and air coolers. The
8.5 ft2 and 3.0 ft2 ruptures with two core flooding tanks

; operating (Cases 10 and 11 of Table 14.2-7) results in a
reactor building pressure of 53.9 psig and 34.4' psig
respectively.

- Although the evaluation of the emergency injection systems,

.

. demonstrates that only a small amount of metal-water
I - reaction can occur, the case of no injection . flow as well

- as no(core flooding has been evaluated '(Case 7 of Table

: w i
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Standby Safeguards Analysis

14.2-7) in response to Criterion 49 of the AEC General
1 Design Criteria. This case assumed that, after blowdown,

the reactor vessel would have water up to the bottom of
the core. The core was allowed to heat up by decay heat
and metal-water reaction heat.

Steam flow-rate limiting of the reaction was not con-
sidered so long as any water was assumed to be in the
vessel. If and when the clad reached the melting temper-
ature, it was assumed that the whole region slumped into
the bottom of the vessel with the attendant reaction of
10 percent more of the remaining zirconium and with the
release to the reactor building of all sensible and
latent heat above 285 F.

Upon completion of the boilof f, heat input to the reactor
building was assumed to cease. Figure 14.2-46 shows a
reactor building pressure of 57.8 psig at 220 seconds, the
time at which the reactor vessel boils dry. This peak
pressure is below the 59 psig design pressure of the reactor
building.

d. Reactor Building Zirconium Reaction Capability

In order to determine the theoretical ultimate zirconium
reaction capability of the reactor building, a series of
hypothetical accidents was investigated (Case 8 of Table

14.2-7).

Blowdown was based on the 14.1 f t2 leak case. Heat trans-
fer from the core and all reactor coolant system metal
below the leak height was assumed te transfer to a 285 F
sink based on a surface coefficient of 50,000 Btu /hr-ft2_p,
For reactor coolant system metal above the leak height
5 Btu /hr-ft2-F was used. Available core heat consisted of
the initial stored heat, the equivalent of two full power
seconds, decay heat, and metal-water reaction heat, which
was added at arbitrary linear rates. The total heat trans-
ferred from the core and reactor coolant system metal was
assumed to produce steam from water initially at the satu-
rated condition. Hydrogen recombination energy was added
to the reactor building as superheat at the rate of hydro-
gen production from the zirconium-water reaction.

A series of calculations for each of the various cooling
capacities was made varying the energy input rate, i.e.,

Zr-H O reaction rate. For example, a 1 percent per second2zirconium-water reaction produces 1.173 x 106 Btu /sec of

000 02 6 00, ) g
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-~3

6 Btu /see hydrogen'

metal-water energy and 0.902 x 10
_,

recombination energy. In all cases the energy was input
at a linear rate beginning 10 sec after the rupture. The
emergency cooling units and spray coolers were started
35 sec after the rupture. The " time to complete reaction"
is the tine it takes the reactor vessel to boil dry.

The results of this study are presented in Figure 14.2-47.
This amount of allowable zirconium reaction at any time
after blowdown depends upon the amount of reactor building
cooling in operation. The capability curves show that at
approximately 10 sec, when the blowdown pressure peak
occurs, the reactor building could accept an instantaneous
zirconium-water reaction of 2 percent. This capability
increases greatly af ter the olowdown pressure peak with
reactor building cooling equipment in operation.

With four emergency cooling units in operation a 100
percent reaction in 3,300 see will not exceed the design
pressure of 59 psig. With four emergency cooling units
and two sprays operating, a 100 percent reaction in 1,200
seconds will not exceed the design pressure.

e. Transient Consequences,_
/ \'
i ;
\ / Safety injection is designed to prevent significant clad

melting in the event of a loss-of-coolant ace tdent . The
analyses in the preceding sections have demonstrated that
safety injection will prevent clad melting for loss-of-
coolant accidents resulting from reactor coolant system
ruptures ranging in size from small leaks to the complete
severance of a 36-in. ID main coolant pipe. Without clad
melting, only the radioactive material in the coolant at
the time of the accident plus some gap activity is released
to the reactor building.

Consequences of a loss-of-reactor coolant-accident are

analyzed by assuming that 1 percent of the fuel rods are
defective before the release of reactor coolant to the
reactor building. Table 11.1-3 lists the total activity
in the coolant. In addition to the coolant activity, the

activity associated with the gap of all fuel rods is also
assumed to be released. Calculations indicate that 77
percent of the fuel rods will have some point along their
lengths with temperatures in excess of 1,200 F at the time
of core flooding tank injection. While perforation of
fuel cladding will require some time, it is conservatively
assumed that all of the fuel rods release their gap

activity during the accident.

n .

h )
''
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The gap activities of various isotopes is indicated below:

Total Gap Activity
Isotope Curies

Kr 85 8.46 x 105

0Kr 85m 6.38 x 10

5Kr 88 1.14 x 10

3Kr 83m 1.35 x 10

4Kr 87 3.59 x 10

6I 131 1.23 x 10

5I 133 3.06 x 10

42 I 135 9.17 x 10 .

5I 132 1.75 x 10

0I 134 1.81 x 10

Xe 131m 7.37 x 104

6Xe 133 9.16 x 10

5'

Xe 133m 1.03 x 10

5Xe 135 3.27 x 10

4Xe 135m 3.25 x 10

3.Cs 136 4.19 x 10
I 1

'6
| Cs 137 3.91 x 10

|

1. .

@ oc ,Q|
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-

') 14.2.2.4 Maximum Hvpothetical Accident
x,

The analyses in the preceding sections have demonstrated that even in the
unlikely event of a loss-of-coolant accident, no core melting will occur.
However, to demonstrate that the operation of a nuclear power plant at the
proposed site does not present any undue hazard to the general public, a
hypothetical accident involving a gross release of fission products is
evaluated. No mechanism whereby such a release occurs is postulated since
it would require a multitude of failures in the engineered safeguards pro-
vided to prevent its occurrence. For the MHA evaluation, fission products
are assumed to be released from the core as follows: 100 percent of the
noble gases, 50 percent of the halogens, and 1 percent of the solids.

Further, 50 percent of the iodines released to the reactor building are
assumed to plate out. In addition, airborne iodine is assumed to be removed
by sprays. A spray removal time constant of 25 hr-1 is used as indicated
and further discussed in Section 14.3.10. Other parameters, such as
meteorological conditions, iodine inventory of the fuel, and reactor building
leak rate, are the same as those assumed for the loss-of-coolant accident
in 14.2.2.3.5. The average integrated iodine inventory, in terms of
equivalent curies of iodine-131 available for leakage at different time
periods af ter the accident, is as follows:

0 to 2 hours 1.46 x 106 curies

0 to 24 hours 1.18 x 106 curies,-m
| )
Y- 1 to 30 days 0.27 x 106 curies

$, - -
1 ..

14.2-39

000 0246



-

: <

%
-

g

BOL Parameters_

-5 (ak/k)/F. -1.14 x 10a
0

- 6.0 x 10"5 ( Ak/k)/F
'35

., M
i

= 0. 3 sec Delayr

'c
f.* = 5.47 x 10 ' sec

| |_ -

30 i i e

EOL Parameters EOL

= - 1. 36 x 10 (6k/k)/Fa

= Assume Zero.

E . 0. 3 sec Delay
'

r

F -5 see
- f. * = 2. 7 5 x 10
E

i, 20
2

w

?
3
ws

!
;

i

! |

Nominal BQ:0L /
Case ; /

i

5 -

--

- h

0
0.1 0.2 0.3 0.4 0.5 0.t 6 0.7

Control. Rod Worth. %Ak/k

FIGURE 14.2-1
PERCENT CORE EXPERIENCHCG

DNB AS A FUNCIION OF EJECTED i CO'.CROL
ROD WORTH AT ULTIMATE P0hTTER

;

m 92u g)suus oc ,

SACRAMENTO MUNICIPAL OTILIUTY DISTRO f
i

,

|



- -

.,

7

.

- '

2.5 i i

BOL Parameters

EOL i

-5 (ak, k)/ F-l.14 x 10 .I- =

-5 (ak/k)/F2.0 'u = 6.0 x 10
'0. 3 sec Delay- =

~

i * = 5.47 x 10 sec

, .
EOL Parameters /

-1.36 x 10'c =

Assume Zero: =g

0.3 sec Delay- =

1.0 '
-5

i - 2.75 x 10 sec*

'
0.5

BOL

- Nominal Case
!

_s
0

0. 0.2 0.3 0.4 0.5 0.6 0.7
i

Control Rod Worth, f.ak/ k {

,

;

FIGURE 14.2-2
ZR-H O REACTION AS A FUNCTION2

OF EJECTED CONTROL ROD
WORTil AT ULTDIATE POWER

$suus |
SACRAMENTO MUNICIPAL UTILITY DISTERICT

1
'

- _ - _ _ _ _



. _ _ _

.

-

6 -

_ EOL Pa'ameters r

4 (ak/k)/F /4 _ . , . - i .3s x 10
/ iAssume zeio-.

2 _
0.3 see Delayr

-.h2.75 x 10*

sec Ul t im at e2
-

"
BOL Pd' emeter s

'

'

5 (3k/k)/r /'O
: o -i.14 x 10
-

g ,

/ ,.s
6.0 x 10 / /

6 -
(ak/k)/F- a .

/ /
- 0.3 see Delay / /- 1

4 t' 5.47 x 10 sec

-

7
^

.
2 / j

; f / Ultimate
'

Nominal / Power.
c

BOL8 10 Case
5 s
* /

/
5 6 /

/ ,

E [4

/
Nominal

2 Case

10 Ultimate
Power.

,
10 / BOL

/
/

/

6

4 ,

-

|

|.

10
0.1 0.2 0.3 0.4 0.5 0.6 0.7 I.8

Control Rod Worth. %Ak/k

FIGURE 14.2-3
REACTOR NEUTRON POWER VARIATION
WITH EJECTED CONTROL ROD WORTil

#$) Smug
SACRAMENTO MUNICIPAL UTILITY DISTfrRICT '

,



I

J

'' /140

Ultimate Power. |
'

EOL

'
.

I

I
/ '

120 [ !

M |
g Ultimate Pe e- :

# BOL

100
Hominal Case # ,

!

_ BOL Parameters !

-5 (ak/ki/F |"O
-1.4x 10

80 - 6.0 x 10" (ak/k)/F.

= 0.3 sec Delayr

g . 5.47 x 10' sec
*

60 EOL Parameters

''' *' OD*
= Assume Zeroa g

= 0.3 sec Delayy
40 -5 -9

2.75 x 10 sec 10 Ul timmate Power.*
g

BOL

a
,

I
20

-

- Nom i n al

Case-

0
|0.0 0.1 0.2 0.3 0.4 0.5 0. e. 6 C. 7

Ccntrol Rod Worth. TAk/k

|

FIGURE 14.2-4
.

REACTOR TilERMAL POWER AS A T TL'.;CIIO'i

0F EJECTED CONTROL ROD WG.' ORTH

h
)SMUD$ 00

-

|
.

. SACRAMENTO MUNICIPAL UTILillTY DISTRICT r
! /,
!

L



__________

.

60 i i i i
i

, = -i.i4 x 10-5 (ak/k)/F
-

[!BOL Parameters ! !
| |-

i 4 i
'

50 M _ / - LCl'wate Powyr.= 6.0 x 10 (ak/k)/Fu
-

EC-
,[ = 0. 3 sec Del ay /r ,

T -5 / ii2

v' _.1 5. 47 x 10 sec g ; ;

j EOL Parameters j
**

~5 (ak/k)/F
-

= - 1. 36 x 10 l :- a
0o

= Assume Zero VI :l t imate Power."-

; _ ,, M r
BOCOL

3 = 0.3 sec Delayr

E* 2.75 x 10' sec
'

/Y 30 -

*

e / id s-

/ I
|N /g N Nominal Case

10"
E 20 / Ultimate -

E
/.

Power. BOL
~

I

lE f I
|c * Nominar.a1 Case,

" '10 /
/

#

#p
0
0.1 0. 2 0.3 0.4 0.5 0.E 0.7

Control Rod Worth, %Ak/k

i-
.

000 02rg
FIGURt 1.- 14. 2-5

3s taruitry rnCRtisE ro =-- rett nod
VERSUS EJECTED CON Ar.C ILO3 WORTH

ooessuo .

| SACRAMENTO MUNICC:L L~. ~i DISTRICT

i



.

80
BOL Parameters,

' !

= 6. 0 x 10 5 (ak/k)/F
'

a* M
|'

' i Ak/ k = 0. 5'/.
t % f

60 = 0. 3 see Del ay7

g L * = 5.U' x 10 see

l,
"

\
I A'

gu
'

i %o 1 g

y Moo a; Case w %

N
| %

!
1

*
*

20
-0.5 -C O . 7 -0.9 - 1.1 - 1. 3 -l . 5 - 1. 7

Doppler Coef ficient, (ak/k)/F x 10

000 0251.
O,

!

FIGURE 14. ; 2-6

EFFECT ON REACTOR NEEUTPE POWER
OF VARYING Tile DOPPLEFO, COr r t ICIEG.-

ROD EJECTION AT 10-9 E' LTD'AIE PJ4ER'

esuun
SACRAMENTO MUNICICIPAL UTILITY DISTRICT



-

'

,

I

44 1 I I 1 1 ]
. .

BOL Parameters
_

-5 ( Ak/k)/F
_.

a n - 1. I '4 x 10
D.

u
g Ak/k .=. 0.5", ;% r - 0. 3 sec Delayg

-5
8 E ' = = 5. 47 x 10 sec
u 2

j Nominal Case
x
L J

[
$
a:

' ' ' ' ' I32
O 3 6 9 12 39

Noderator Coef ficient, ( Ak/k)/ F x 10

000 0253

FIGURE 14,2-7

EFFECT ON REACTOR NEUTRON POWER
OF VARYING THE MODERATOR COEFFICIECI-

ROD EJECTION AT 10-9 ULTIMATE PO'a'EZ,

$SMUD 0F
-

SACRAMENTO MUNICIPAL UTILITY DISTFE~l~T

___ _ _ _ _ - _ _ _



_ ___________ _

.

~

BOL Parameters

\
-5 ( Ak/k)/Fe

e = 6.0 x 10g
i ak/k = 0.5fe
[ 2^ = 0. 3 sec Delayg r

\7 J.' 5.47 x 10' sece N
5 N

'

- g
A-

c ;E Nom.inal Case

b
& % N

_

:2
-0.5 -0.7 -0.9 -l .1 -I.3 1.5 1.7

Doppler Coef ficient, (ak/k)/F x 10

l

000025y F1 cure 1 u -8
EFFECT ON REACTOR THERMAL PNER OFr
VARYING THE DOPPLER COEFFICIENT --

ROD EJECTION AT 10-9 ULTIMATE POREER

$JSMUD 06
SACRAMENTO MUNICIPAL UTILITY DISTRIC'CT

__ _ _ _ _ _ _ _ .



. _ _ _ _ _ _ _ _

i

.

i

i a i i i 1 i i
50; Parameters

-5 (ak/k)/F
w=-

-x 1019 -

.;D = --1.I'.

g
p

-

= 0. 3 see Del ay

._ Ak / k = = C . 5 ',

r

$ 11 ' = 5 5. L7 x 10 sec
4

| Nominal Case

3 i
M i

-

E
1

15 ' ' ' ' ' '
O 3 6 9 12 15 E

Moderator Coefficient, (ak/k)/F x 10

|

000 0257

FIGURE 14. 2-9
EFFECT ON REACTOR THERMAL POWER OF
VARYING THE MODERATOR COEFFICIENT-
ROD EJECTION AT 10-9 ULTIMATE POWER

($ SMUD 00
SACRAMENTO MUNICIPAL UTILITY DISTRICT

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



.. ._ _

,

112 | | | | |
,

/_ BOL Parameters #Ill - -5
D'''' *e:

'5(ak/k)/F /110 -

,, H
= 6.0 x 10

ok/k - 0.3%
~

5.47 x 10' '

p, ' sec

_EOL Parameters
108 -

* = -1.36 x 10-5(ok/k)/F [,, D

)
.

u

I 107
-

'' M
^ $*"*

E
Ak/k = 0.3%-

@ 106 -5 2 >

b 2' = 2.75 x 10 sec

?
105 Ultimate Power >

u g

BOLu

#$ 104

J >
103

)102 Ultimate Power, -
'

'

EOL

I101 ' '

/[ Nominal Case

100
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 t.9

Trip Delay, sec
!

FIGURE 14.2-10
| REACIOR THERMAL POWER VERSUS TRIP
'

DELAY - ROD EJECTION AT
ULTIMATE POWER

$SMUD 00
000 0256 SACRAMENTO MUNICIPAL UTluTY DISTRICT



__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

BOL Parameters

-5 (ok/k)/F / '
. - 1. I 4 x 10_ ,,

D

-5 (Ak/k)/F10,,g . 6.0 x
42 - ak/k . 0.5% (10 Ul timate Power)

-9
,

ak/k , 0.3% (Ultimate Power) ,

'

-5
- 3' . 5.47 x 10 sec /

EOL Parameters /
J38 -

-5 (Ak/k)/F j[,,D = -1.36 x 10e ,

- Ult.imatey
Assume Zero Power, _

]
- , ,

an OL
Ak/k . 0.3% (Ultimate Power)j

34 - ,. . 2.75 x 10'=
see

T

t
2

! /
e /
N

t, 26
,

E

E

*
22

/

Nominal Case p
#

18 #I -9
# 10 Ultimate

# Power. BOL
7<

14

0 0.2 0.4 0.6 0.8 1.0

Trip D ela y Tim e, sec FIGURE 14.2-11
ENTHALPY INCREASE TO THE HOTTEST FIEL

ROD VERSUS TRIP DELAY
TIME - ROD EJECTION

UEll00257'
SACRAMENTO MUNICIPAL UTILITY DISTRICT F

r '
.

3



_ _ - _ _

I#

i i

i:

I I I I I I i3i i ~e 1 I
,

-

-

2000 - -

t

_ ').

\,e 1600
~Ng

4 ~
\

!. \
\

ct 1200 N
t

_
\

1800 a

1
_

fH)0

_

0 i i i i i i , .,

0.001 03.01

000 0255
!

OL ..r .
.

J|

6



- - _ _ _ _ _

f|
-

;.

Li
i iI I I I I I I I I | 6 I I I,I ii i ii l

__

r

1,

I

L
I

-

!
,

i

|-
li

Experimental --

__ _ _ Predicted

_

1

I

I

|

|
! _

^

r- tw

J -

\ -|

N
\

| \
'

\ _.

N
ii! , i ! i i i iet i i i ii1 it hw_ .I1

| 0.I i 10 10:

Time, sec
FIGURE 14. 2-12

LOFT SD11 SCALE BLOWG'IXTn7; TEST ??O.
546 - VESSEL PRESSURE _ VD5JS TDE

11'Li0259
$)SMUE .

SACRAMENTO MUNICICi?/C. LT_ i DISTRICT



s

F

$5

.

__

i I

t

100 3
|

--

'

800 ,

.

.

60 0

(

B 4GD

-

22% Measured

9
2'20 \ %

t

0
0 10 20 30 40 50 50

Time, sec

000 02 @
FIGURE 14.2-13

PREDICTED PERCENT MASS REMAINING VERIUS
TIME - LOFT TEST No. 546

$SMUD ,

SACRAMENTO MUNICIPAL UTILITY DISTRICT

00h



-J

n
4 350 -

300 _

:
250,

1
4

4

i

|
t 200
1
o4

n.;

i C

! O
L.

3 W-

4 3
&
= 150

4

100

3

+

50
i

i

! O i

O;

I

$

! |
,3

.

t' |
4 '

4

0F
4

.

i4

t |

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



i

n

.

\
.

/

!

!

!
i

i

.

0.5 1.0 1. 5 1.7

Time. Sec
FIGURE 14.2-14

NEUTRON POWER VERSUS T EE FOR A
36-IN. ID, DOUBLE-ENDED, HOT-LEG PIPE

n RUPl'URE AT ULTMATE POWER WITHOUT TRIPv0;0 0261 i$SMUD .
OL

_

-

'
SACRAMENTO MUNICIPAL UTILITY DISTRICT

,

_ _ _ _ . _ _ _ _ _ _



_ _ _ _ _ _

... _ _

>
|

.

1

6 -

5 ^

Density AK/g\ ly
I

e> i
' 2 3 AK '

i
x Total '

x

D 2
<o / j|
4

i2 | ,

.? I

o i

E O !
oc w i

-l ,/ Doppler- AKr -

,

,

-2
9

.

-3
0 .4 .8 1. 2 1.6 2.0

|

Time, sec

)

FIGURE 14.2-15
REACTIVITY VERSUS TIME FOR A . 36-IN. ID,

DOUBLE-ENDED, HOT-LEG PIPE EIUPTLTE AT
ULTIMATE POWER WITHOUT: TRIP

$SMUD 0

SACRAMENTO MUNICIPAL UTIUPTf DISTRICT

_ - _ _ _ _ _ _ _ _ _ _ _ _ _



,
._

.

I
<

5 -.

.

:

L' st)-

4 _==
CC
CO
LU
c. 4)
tru)

:W
C. O=x
CO

)" 3
,

==
n,, ,

I

I

-

1
C. O '

2 '

CO
=- 2 o
=o

\L0 /*\ !w
' 1c. s

' a i ,

|
C G. s|

1 c
/-

NCC / N '
I s

1

0
0 2

(

i

!c 000 026y I

!

)
- . . . .. . -- - .. . . . .. ..



.

. .

-

g.

.

/
Hot Leg Ruptures

A

/
Void Shutdown

/
i

l
I

-

- Trip Shutdown

s
N Cold Leg Ruptures - Trip Shutdown

' ~
- - __

4 6 8 10 12 14

Break Size, Ft

FIGURE 14. 2-16
INTEGRATED POWER VERSUS BREAK SIZE

FOR A SPECTRUM OF RUPTURE SIZES

011 0 0 2 6 F h'SitCUE -

,

SACRAMENTO MUNICIPAL UTILITY DISTRIC"

i.



i

'
_

,

70

60

50
i

S A

(
)x

g 40 1
- - - - - - - - - - -

T )f
<

i \
.

I 30

5

20
h

!

s

10

N |
A

0 N
O I 2 3 4 5 6 7 8 9 10

Time, sec

.

FIGURE 14.2-17

000 02M CORE FLOW VERSUS TIME FOR A 36-IN. ID,
DOUBLE-ENDED, HOT-LEG PIPE RUPTURE

O'$SMUD <

1,
,sxcommro municm oriuw oism,c1



I

1500 [
u.

1400 A

"
DNB at+'

3 1300 0.25 -

" sec
,

J+'

5 1200
G Calcuiated by Quinn's

I100 --

[ Hodified Sieder-Tate Equation;-

;
0 N .

U 1000 '

2 h \

b \1 \* 900 y s

'
800

{ Slump Model

J 700 - S imul at ion y

a \o 600
-

i \j 500 x
o

400

N H
\300

\,200
1 s

L \
100 g

s

i 2 3 4 5 6 7 8 9 10

Time.sec

FIGURE 14.2-18
HOT CHANNEL CLAD SURFACE HEAT TRANSFER

]}|} g9 COEFFICIENT AFTER DNB VERSUS TIME FOR A/

36-IN. ID, DOUBLE-ENDED,
HOT-LEG PIPE RUPTURE

esuun ao |*
; SACRAMENTO MUNICIPAL UTILITY DISTRICT '

i



e

.

4

24

Core Top
--- - -

t _p

2 14" Pipe-50% N2g
i e iN /P

" 14" Pipe-33% N2
12", Pipe-33% N2

12" Pipe-50% N2

12 /

i /N
2 ( /
0 / Core Bottom
as

i y
4 r

0
0 5 10 15 20 25 30 35 40 45 50 55 60

Time, sec

FIGURE 14,2-19

REACIOR VESSEL WATER VOLUME VERSUS TIE
FOR A 36-IN. ID, DOUBLE-ENDED, HOT-LEG
PIPE RUPTURE FOR 600 PSIG CORE FLOODIN~

TANK OPERATING PRESSURE-

- hh'

$SMUD
- -

SACRAMENTO MUNICIPAL UTILITY DISTRICT

Amendment 2 \



.

I
!:p

|
.

.!|

|

|
I

24

i

_ -

Core Top

c. 20 - .__ <
1
i

12" Pipe-50% N2
,

,

@ 1000 psig ( ,

m 14" Pipe-33% N2
[

. @ 400 psig
. , r

** 12" Pipe-33%
m N2 @ 1000 peig
,

_
_

> 14" Pipe-50% N2
/ @ 400 psigm

; / /
w ( |

core Bottom

[ [-

:
o _

_

;
I

4

f

_
_

0 5 10 15 20 25 30 35 40 45 50 55 60

Time, sec

FIGURE 14.2-20
REACTOR VESSEL WATER VOLUME VERSUS l'I1E !
FOR A 36-IN. ID, DOUBLE-ENDED, HOT-ILEC

(' g g O-
,

PIPE RUPTURE FOR 400 PSIG AND 1,0010
b

PSIG CORE FLOODING TANK OPERATING PRESSLRES

esuun
SACRAMENTO MUNICIPAL UTILITY DISTRi:"T

,

Amendment 2g



7

/.

2500
-

/2400
/

/
2300 Hot Spot

2200 i
600 1 b- 12"-50% N ~ - /.

2 / ' IN ~

2l00
g 600 lb-14"-33% N

#

2 / /
'

2000 600 lb-14"- '

1900
- /

Agg -r -x '$
3 1800

'

1700 f_60 b-12 33
400 1 b-14"-50% N2

/ f I000 1b-12"-33% N
r

2

\1500
__1000 1b-12"-50% N

,

/ 2

14M ! ! I

10 12 14 16 18 20 22 24 26 28 30 32 34 3f
Quench Time, sec

000 270
FIGURE 14,2-21

CORE FLOODING TANK ANALYSIS; MAXIMUM

CLAD TEMPERATURE VERSUS TIME TO QUENCE
FOR A 36-IN. ID, DOUBLE-ENDED

HOT-LEG PIPE RUPIURE

$,SMUD
j__ __ e,_s_

. . ___
0-



.

2800
'

'

2600
u.

s
j 2400

2 i.e
g,

e 2200 -' '

? \|
n
f 2000 ' '

o I
-

" * ""
-> 1800 '

%Design I, N,

:E Point N
;

e 1600 '

'
E
's
E 1400

|
:

1
1200

0 20 0 400 600 800 Icl0000 1200 1400 1600 1800 2000 2 210

Maximum Heat Transfe err Coefficient, Btu / h r-f t -F

000 0271

0

FIGURE 14.2-22
y_25 m ?. H0fr SPOT CLAD TEMPERATURE VERS 3

i

v_ITTvlY. . HEAT TRANSFER COEFFICIENT AFTE~
iia FOR A 36-IN. ID, DOUBLE-ENDED,

HOT-LEG PIPE RUPIURE

e)SMUD
SACRAMENTO MUNICIPAL UTILITY DISTRICT

_ _ _ _ - _ _ - _ _ _ -



P

2000 - Nominal Design Point '

/
1900 :-

u_
1800 i

-

i_

*
|

n

% 1700 -

u
e
c.
E

1600* N-

R
-

" 1500 |-

~

8. '

w
I40 0 -

O
r

;

E

8 1300 -

*2
m
x

I200 -

1100 ' ' '

0 1 2 3 4 5
Nucl eate Boil ing Period, sec

FIGURE 14.2-23
MAXDUM HOT SPOT CLAD TEMPERATURE A1.AS >>.

! FUNCTION OF THIE TO REACH DNB FOR.t
'A 36-IN. ID, DOUBLE-ENDED,

000 027t HOT-LEG PIPE RUPTURE

1SMUD,

>
..

SACRAMENTO MUNICIPAL UTILITY D:E15TFR:"T

I
'

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



r'
,

| | i i / I
.

2800

h0

2600 #

/2L400

/
2200

2 l

[ h
15 Btu /hr-ft -F

- |2000

g j/4 f - 20
;

h

1800,

2
a>

{ 1600
/ \-

f I160 0

)
o
# I200

\%
1000 '

h 100
800

7

x600

110 0

200

0 I ' I ' I l
0 10 20 30 40 50 : 60

Time, sec

FIGURE 14.2-24
HOT SPOT CLAD TEMPERATURE VFESUS TIME
FOR A 36-IN. ID, DOUBLE-ENDED, HOT-LEG

PIPE RUF1URE AND
VARIABLE QUENCH COEFFICIDIT

000 0273 $SMUD
SACRAMENTO MUNICIPAL UTilIW '""~ H

U
.

_ _ . ,



,

2500 -

.

.

2400 - / .

i|

)
l

2300
u.

J
'

%
u

i 2200
8
n

o
;e

$ 2100

2000

Nominal Value

1900 !

O I 2 3 4

Full-Power Seconds
FIGURE 14.2-25

HOT SPOT CLAD TEMPERATURE AS A FU'm'CIION
OF FULL-PORER SECONDS RESULTING T FROM

' } Qt
-

.,f

U2/ VOID SHUTDORN FOR A 36-IN.12D,-

DOUBLE-ENDED HOT-LEG PIPE RUP2TURE

esuun s
.

SACRAMENTO MUNICIPAL UTILITY DIDiSTRICT \
\

00



___ -

-> ,

i

.

2800
0

2600

2400

2200 --

i'

"$' 2000 |
^

- 5500 CF.
fr

1800 % M gMg manC 2880 F .-- _

%m '

f 1600 2200 CF
,U

10 00 CF-
0 1400
m

b
r 1200

N
1000

800

600
0 10 20 30 40 50 60

TIME, SECONDS

00' 1 |

FIGURE 14.2-226
gvuqei HOT SPOT CLAD TDiPERATURC: VERSUS TE'E027f rOR i 36-1n. ro, nouBtE-t:mnED, uOr_tto

PIPE RUPTURE AND VARIABLE SHHiK TDTER!uW

($ SILUD ,

SACRAMENTO MUNICIPAL L UTIUTY DISTR:CT

4

..



-
_- . -- _ - _ --

,

/

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

-
.

-

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

5
-

36 in.-

_

Ended F-

_

_

_
n

i 4
-

O ~~

_ _

_

- _

23
~

-
-

_

. _

- _

.
3

- -

_

_

_

_

_

_

2 /2
_

_

_

_

_

_

_

/i

_ / i

_

_

_

-

_

_A --

,,
o

- . . . ,

-l o
10 to

|
|

|
.

000 0276
!

'

06 t
7

.

-- . _ _ . . . _



-

1

, , i i i i i i _ .i d,i i i i i >> > , ,

.
-

-
;

-
,,

: 1
-

|_ ,

-

_

_

_

_

_

_

_

_

_

_

"ID, Double- =2
'ip2 Rupture 8.5 ft -

2 -'

..I ft :
-

|

2 2 # -

i
3.0 f t 1.0 ft =0.4 ft

_

_

Z I
_

_

r
.

_

Surge Line Ruptuure -

_

_

-

_

_

/
_

_

_

_

_

_

-

-

_

"
( _

_

_

_

_

_

_

M

I
i i l I i l 1 i I I I I I I l I I ' I I I I I

~

l i 2 3
10 10 10 |

| 0000279! Time, sec

FIGURE 14.2-27'
MASS RELEASED TO REACTOR 1. s. M E;G

| FOR THE SPECTRUM OF HOT-LECG RL71'G.E5|
,

d'$SMUD ,

SACRAMENTO MUNICIPAL . UTIUTY D!5~RICT

k



,,
-

}
24

i } i i i ii111 i i i 77: si
|

N v20

I.00 f
8.5 3.0~

2 2 2
7 14.1 ft ft "p
o 16 -

-

;;; -

o.

W

t 12
i

|
*

|
= _

a
e
* 8
-

_

|

_

'l''I' ' ' ' ' ' ' ' ' ' ' '0
-2 -l

10 10 I

l
i

000 027%
i

-0 C'

(
. .. -. .



.
.

..

! ;

, I

| 1 1 1 I I I il I I I I Ii1I I I I I I II
,

_.

- O. 4 ft

_.

1

- % T i

w -

1

-

x x \
J urge Line Rupture

-

2
0.4 ft ~

(
\

8.5 ft

14.1 ft

1.0,

ft

3.0 -.

w ft ,

i I I i l l ii ) i 1 I I II I e i I I Iie1

O 10' 3
10 10

Time, sec

- FIGURE 14.2-28
0f00 0277

'

azicToa cootinr ivtRice rasssuas roa
THE SPECTRLM OF hot-LEG RUPITRES

'
~-

ye__ _ _ _ _

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



- . - .

.

' i
Elevation of Nouules

\. _ N_2.400 . _i__ _ _ T_
_ . _ _ _ pr__ _

I f12-

%-- ---,#2,000 - -- --- - - - --- - - - -+- ---_--

[ ;i. 00 .

/ /
-
=

( l.0 ft2
D 1,200 p

i \
:

Bottom of Core- . -.- [L800 _ _ - - _ _ _ _ ___- _____ ___ _ _._ _ _ -- _ _ _ --

2
_ 3.0 f1 '

28.5 ft

1
1 14.1 ft2

- 0 I

O 20 40 60 80 100 120 140 160

Time, sec

- .

.. p} { FIGURE 14,2-29
FEI-LEG RUPIURES - REACTOR VESSEL-

*'ATER VOLUME VERSUS TIME INCLUDINGa

EFFECTS OF BOILOFF AND INJECTION

$SMUD -

SACRAMENTO MUNICIPAL UTILITY DISTRICT

Amendment 2
_. - _ - _ _ _ _ - _ _ _ _ _ _ _



1
,

i
1

.

/\l.900 -

A 1,.i n2
,

~ ~
8.5 ft2a .

N2i '

1.700
T

\ !

t.500

; l.300
.

i
:

!
>i. 10 0r r [

5
3 '
o 3.0 f12

1 900 s N3

k Nx '
\

700
(4 N l.0 ft2

.

1 4 ft %
0

_

.

, 1'
,, ,, 3, e so o 7o i

Time sec

!

FIGURE 14.2-30
gg SPM CLAD TaiPERATURE VERSUS TIME

FOR SPECTRUM HOT-L E W S

00002B% $SMUD
'

SACRAMENTO MUNICIPAL UTIUTY DISTRICT 3

!

.



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

l

,

. ~

m

,
N %

~

l_

'

20 \
-

_

m

N

N

puIe

h

m

W

16
-

N,
- (fN _

-

O -
_

_

W
._

_

O. -

12
-

.

e -

'
_

3
en -

en ~

G ~

L
a.

_

|_

G ~

CR
e 8

-

u
O

_

> -

4 -

-

6

6

-

N

_

W

W

m

lump

p

M

0
-

' ' ''''''I ' ' ' '''
.

10 - 2 10-I

000 0289

t
-

[I
1 /

4

~



I I I I i I 6 I I i I 8 i I_ o

,

..-

t [
l

_

_

__.

_

- -

_

_4

\ 2

m -

:
_

_

_

_

_

\ -

N N E
_

2
_

_

_

\ ~

_

_

\

\ :
_

_

-
,

- ,

_

\ \ -

:

2) 0.14 f t.2 }8.5 ftt 2 3. 0 f t2 1.0 ft
_

_-

li I I | | | 1 II I I I I I I I | | | |-

10 10 3 1020

Time, seC
FIGURE 14.2-31

REACTOR C00IMI AVERAGE PRESSURE -
ij/ SPECTRUM OF COLD-LEG RUPIURE SIZES; j

$SMUD !

(_ _ _ _ _ _



[
t '

i
b

,

,

| | _djevationofflozzles '
.

4 - ,

h'
-- - - - - - , . - .- - - -. - - . - - y- - -----

ii X/
op of Core'

y.,- _-- - -- -A - -- - s -- -

j
/

0.4 ft2

1.0 ft2 N

{
t

|
,. . : _1 _ _. _ _._J___ _ _ _ f - Bottom of Core.

g 3.0 f12 |

m I
v'

8.5 ft2

5
0 20 40 60 80 100 120 140 160 18:

Time, sec

000028q

,

FIGURE 14,2-32
,

COLD-LEG RUPIURES - REACTOR VESSM
WATER VOLUME VERSUS TIME, INCLUE2E!G;G ;

EFFECTS OF BOILOFF AND INJECTIO7.! |
-

3suuo * o

SACRAMENTO MUNICIPAL UTILITY C0ici. R.~T
4

Amenc mer.=: 2
,

4



~

i

i

.

^l.700
%

1.500
i

w

$
3 2

i d
.0 ft

g 1.300
3 N'I N:
[ 1. 100 x

~7
v.
&

5
900

0 ft2

~700 g

xN2
' 0.4 ft _

I500
0 10 20 30 40 50 60 70

Time, sec

000 0285
FIGURE 14.2-33 I

HOT SPOT CLAD TEMPERATURE VERSUS TIME
FOR SPECTRUM OF COLD-LEG RUPTURES

$SMUD
'

SACRAMENTO MUNICIPAL UTILITY DISTRICT

\,



f
_ _ _ _ _ _ -

.

I

L EGEND:

HPl - HIGH PRESSURE INJECTION
LPI - LOW PRESSURE INJECTION

i HPI PUMP

l HPl PUMP , I LPl PUMP

2 HPI PUMP + 2 LPI PUMPS

I HPI PUMP + 2 CORE FLOODING TANKS

I HPl PUMP . 2 CORE FLOODING TANKS + 1 LPI PUMP

2 CORE FLOODING TANKS + 1 LPI PUMP

Pressurizer
Surge

3 in. 6 in. Line 36 i1

I I I I I I i 1

0.01 .02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10.0

Break Size. ft

000 0286

FIGURE 14.2-34
EMERGENCY CORE COOLING

SYSTEMS CAPABILITY

oo 'esuuo -

SACRAMENTO MUNICIPAL UTILITY i DISTR!
-

Amenmdcen

- _ _ _ _ _ - _ _ _ _



|

,

_
_

.
.

. [r-- a- g, & , - $a. g

.

e m

m
-

-
-

-
=
+

w

+
m

$ ( |i

E ' |i

G -I

S
P

,

E
R
U
S
S
E SR
P

G
N

x
I

D
L
I

U
B S

\R
O
T
C
A
E
R

N
o

\
k

o xy

.

o
o

_ 1 O
_

_

_

ac,o oNcNo

CO
-

m
1



um

.

I

I 5 6 73910 2 3 4 5 5 I8110 2 3 4 5 6 7 I I 10 2 3 4 5 6789ft

.

i

53.7 /

\g ~ ~ --

r

1 f

/ \'

) \
i

,

f k
I N

!

t

EMERGENCY AIR COOLERS OPERATING
BUILDING SPRAYS NOT OPERATING

l

N ;

\ ls |

N I

N
I

10I 102 103 jy

TIME AFTER RUPTURE, SECONDS
I

FIGURE 14.2-35
REACIOR BUILDING PRESSURE VERSUS

mE Mm A 14.1 FT200n 0288 HOT-LEG PIPE RUITURE'

o-esuuo
'

SACRAMENTO MUNICIPAL UTILITY DISTRICT
p ;

|



]
1 1)

>

- e1 e
~ _* .,_a . w

s

e
.

o

. ~ _.
.
.

_
._
_

*O I

OY
A- _

f L-

._ ._X
_

uO

I

N
G
S
P

\,

E
R
U AO

~N
S
S
E
R
P

G
N
I

D .
I

uOL

N .

U
B

.

R _

O
T
C
A
E
R mO

O

.

.

-
_

.

O
_
_

-

OO o"

Sc gN0w0m

oCr
,

% _

_~

e



-

,

9 I I 10 2 3 4 5 6 7 8 5 Il 2 3 4 5 6 7 I I 10 2 3 4 i i I I to

't *|
:

i :

EMERGENCY AIR COOLERS NOT COPERAfl$d ; i

BUILDING SPRAYS OPERATING ! |
1 WITHOUT COOLERS FOR SPRRAY WATER I

% .2 2 WITH COOLERS FOR SPRAY ' WATER

|,- '-.
\

T

\
\ ;

\
) I'

\ |
\
\
\

|

|

i

!

l
\ N

g N t

Ns i\ w 2 [

102 3 4 510 10 10

TIME AFTER RUPTURE, SECONDS
FIGURE 14. 2-36.

REACTOR BUILDING PRESSI.5URE IW,TS TDIE
FOR A 14.1 FT2 HOT-LEC'G PIPE RLM3E

WITH AND WITHOUT COOOLI'?G OF TdE

Di] O g g RtcIRcutArED srRa Av wirts

esuuo co,
SACRAMENTO MUNICir.lPAL UTIUTY D: STRICT \

a=e=i=ent 1 \
6

e



-

$
to 1 2 <a ss:ss1 2 3 e

! l ! |.
t ;.'

i i:

i !;

! ;

I i !i
__

300

-~ __ _g _I
/ w

u. ,, / N REACTOR E
d VAPOR TEt'

up 250 /
x /
? /

/N I I

h / '/ N REACTOR 1o- / !- SUMP TEM3 ' j
~ 200 ,

150

t

100

50
010 101

uom
000 0291

>
/

1
i



h

,

5 6 7 3 910 7 3 4 56 78910 2 3 4 5 6 73110 i i ', I t 10
. e a

'

;

! !' i |
;

1
,

; |i
,

I

EMERGENCY AIR COOLERS NOTT OPEilATING'.
'

BUILDING SPRAYS OPERATING
1 WITHOUT COOLERS FOR SFPRAY WATER '

i

! |2 WITH COOLERS FOR SPRAYf WATER
!| l i

'

: t i!

|
'

--
, __ _- , , , ,

, *
,

'

s ,

UILDING % i ;

iPERATURE \ i i

~
N \# I

N N | i |
g

LUILDING N \s
'

\/_ -

3 ,_ , i

% l |
'

- s
- s

_

\ \ |

\ \i'

N I \ |

2
\ k i h

N iN
v i NC.

% *

s| ;2*
5 ,'' -- ~!! I.

I .i
,.

|

I !

|

t

!

3 4102 10 10 105

TIME AFTER RUPTURE, SECONDS

FIGURE 1J.4.2-37
REACTOR BUILDING ATr:0 SPHERE .22;D SU11P

hhh COOLANT TDIPERATURIES FOLLOWZ;G A

h[ 14.1 FT2 IIOT-LEG 2 PIPE RUEGE

$SMUD Of
SACRAMENTO MUNNICIPAL'liTILrTY DISTRICT '

\|



J

r
~ g ~ . *I. *. .-

*
.

v I

_

_ _

.

. . _

__. _

mgm*OmZo<,Ms nOOgW$ o,mW dmc.OZom <mZOt O%mg- g.
.
,

.
- _

.

OO '

t

n.O(

.

G
I

S
P
, AO _

E
R
U
S
S
E
R
P

G )

N GO
I

D
L
I

U
B

R
O
T

)OC h
A
E
R

x

" O
%x

\
\

\
\

\i

O

,O1 o5

OOC gN@U

<

%

9-



H

E f 7 I I 10 2 3 4 5 g ; I 31g 2_ 3 4 5 6 I I g 10 2 3 4 5 6 7891:

| |
'

'

!
IG

V

55.3 54 7- x fx
\

'

/ h
/ \ |

/ \
/ \/ \

\
/ \ '

;

(

\
N

N N ,

2
101 10 103 j&

TIME AFTER RUPTURE, SECONDS

FIGURE 14.2-38
REACTOR BUILDING PRESSURE VERSUS
TIME AFTER RUPTURE (8.5 FT )

$SMUD 0; ,

.

000 02911 SACRAMENTO MUNICIPAL UTILITY DISTRICT



|'

.

-
- a ~ - - - - ~ ~ = = - n - ~*

*

.

-

-
-

oo

-
mEm"OmZo< 2n nOOrWI')w uu U7-

r

cE,OZo* 9<^ZOH0wc.p pg- Oo _

-
uo .

.

-

-
-

._

.

.
.

G
aoI

S
P

-,

E
R -
U -S

.S
E
R .

_

P _aoG .

N
I

D
L
I

U
B

.R .

O oo
.

t

T
.

-C
A
E
R _

x
-o

_

.

g
\115\I

o

o1" do-

_

_

_

C'
0N d

OOC aCr
%
N
'



_ _ _ _ _ _ . .

!
.

iI 7 I 5 10 2 3 4 5 5 13 9 il 2 3 4 5 6 7 I g 10 2 3 4 5 5 7 8 9 It
i . .

Ii* '

!i
* ,

i

}-

! !

.G ('

% % s - 54.5

|

/ N |

''

i \ o
i ! \,

\ i1
s ;

\ t

!
i / l

/ i'

/;

/ \
L

|

|
'

\s >

N :!

% ,

:
101 102 103 104 i

TIME AFTER RUPTURE, SECONDS

FIGURE 14.2-39
REACTOR BUILDING PRESSURE VERSUS
TDIE AFTER RUPTURE (3.0 FT )2

) SEiUO '
'

gQQ 029b SACRAMENTO MUNICIPAL UTILITY DISTRICT



,

,.
-

_ _

s .

n ~ - - ~5a ~ - -
-

_

.

oo i

-
-

IWomf< >5 nOOGg 0 g,
&cF9Zo y=kw ZOH o5s*z

-

-

-

uo '

-

G
I

S
P

ao,

E
R
U
S
S
E
R
P

G
N
I uo
D
L
I

U
B

R
O
T
C MoA
E
R

o-

_

_

_

_

_

1
\

\
o

o- g o

aOC ONgN,

oQ
'

-



. _ _ _ _ _ _ _ _

i

k3 , , .1 3 a 5 s 7 s s io : 3 4 5 s 1 s to 7 3 4 5 s7ain-

.

I
,

!

! |

|
1

N'1G;
.

|| 51.2 MN 51.7
,

/ '

/
;

\
/ \

! / X i

> \
s,

'

N
(

|

.e

i

,

,

i
,

, N \
/ \/ sr

\ %
| |

1 3 #10 10 10 10

TIME AFTER RUPTURE, SECONDS
1
:
,

FIGURE 14. 2-40
'} '[ 8 REACTOR BUILDING PRESSURE VERSUS

i2TDiE AFTER RUITURE (1.0 FT ) <

SMUG OC^^' j'
_ _ _ _ _. __



>
t iii,!!'

A

% - ~ - *;- ~ -

I
\

(\

ggomh< >E nOOr9w ooi-

Wci9ZC eg<. tn ZO,0,m9t:
(\

E

G
I

S
P 8,

E
R
U
S
S
E
R
P

G
N 8
I

D.
t

lU
B
R
O
T oOC
A
E
R

,O

_
_

_

\
\

O
_

O'. O

-

_

Oao oNmw
-

-

-

-y
S

M
I



_

t

.s,,y tl, . . . , , , . , , , , , , , , . , ,,,, , ,

!
,

TIN G
G

| |
.

i
)

I
'

45.6 |

T
'

N ! l

N !
-

[ \ !

r ,
i

| \ ;

\ >i

/ !

) i

r 4

/ \ .

; (
|/ '

/ |

/ \
e s s,

%
;i

l 2 3 2

1o 10 )g ., g

TIME AFTER RUPTURE, SECONDS 000 0500
FIGURE 14.2-41

REACTOR BUILDING PRESSURE VERSUS
2TDIE AFTER RUPIURE (0.4 FT )

$SMUD 00216
SACRAMENTO MUNICIPAL UTIUTY DISTRICT

k



I
- _ _ _ _ _

,

i
<

i ? 3 4 5 i'IIl 1 3 4 5 678914

103 i -

,,,

9 1 t.

8
-- ___

| | E'

6
-

i q
-

,

s
-

-

| 1t

4 . )
-

3
-

I i ;'
a'"*e

! '! / ---
I 'l A-/~

''
! [

'~

!
; ill /[! uot

210 i ,ff, .

9 yy
8J ! . //

O I 'ff' i
6

l //>*I~
-

8y i f.i / I
,

2 f4L i' /
3 '[ !. : .! ! / I

'

>-
io ,

.

g <.e .

'w . ,

z : ,! - e
W ! l / STIj

10 j i ! ,, /
1 1

,
/i /y

/ !I /
6

''! /
5

i| /
4

! /
3

l 2
1 :

/0
10 i x

0 I10-l 10 10

TIME s

000 0301

(
h._,

i
,



h
||

'

2 3 4 5 6 7891 2 3 4 5 67891 2 3 4 5 iI ,,

' |

'
| TOTAL / .s

-jb/ !-
,, ,

[ '

! / ! i

L ^ / |% s

\ STEAM - AIR MIXTURE )[ #
/ /

JID ,,/ / '

y
~ - ~ ,

rf \ %!N / ~
-,,

. _ .. % / # / \ /T
f f \ // '

/ / \ /;
/ / \ {' i

7 ['- |,,,,,s / ) \ |
,

-
r r xp f r

/ /
! | |tUCTURES -

) |
/
/ \ ,

/ .

/ DECAY I : ,

/ HEAT / 1 i

/\ , COOLER | |
'

/ \ EMERGENCY i
'/ AIR COOLERS .

,

/ I
/ I.

102 3 #30 000 0502 IU
,

\FTER RUPTURE, SECONDS

FIGURE 14. 2-42
REACTOR BUILDING ENERGY INVE'-. C_=__

FOR 14.1 FT2 HOT-LEG PIPE RUr n . d

esuuo uc

SACRAMENTO MUNICIPAL UTILITY E C.S.C. 3

_ _
. -. _. ..



i
( 2 3 4 5 6 78910 2 3 4 5 678910103 10 _

9
-

| ----

8 -

:::
6

-

- -----

5 - --___
-

4 --

3

|

Y

|

2 //
#

10 ,

9 /s '
m 8 s sn
a 1 s,r ,

6
-

77 ;

s4 // I
'

// \m
,

),
Ei ! /

#Z LIQUID n
101 s

9 ' ,?,
/ /

!
6

/ / 1
s

/ / |
4 7 ( .

3

/ / :
,

/
0 t

10 j
010-l 10 101

TIME A

Os000 0303
1

|

f

!



I

2 3 2 5 i ' 5 S ID 2 3 4 5 6 78910 2 3 4 5 6 1 F 910 ,,

| !.I f
s i! ..! '

eI t t j |

L TOTAL f 2-s

i I T / _, , , , -7
\

m

ri
- , ,

- /

|! N % j i

r >c -^

'- VAPOR / \ /
I / \ / /.

#

| | Y |,

\ s - s x st'

i / # / \ ;N
'

l / / / \ / \.

s- | / / \ {
[ | [ [ \ )

\[ / DECAY,,,,,,
,

- r HEAT 3-

\, "' COOLER =

STRUCTURES 4
': ,'

I I
i /

/
/= EMERGENCY COOLERS
/

I /
/
/

/
2

210 103 104

:TER RUJPTURE, SECONDS

14.2-43000 0.304FIGURE
REACTOR BUILDING ENERGY FOR

INVENTORY FOR 3.0 FT2 RUPTURE

$SMUD 0f
SACRAMENTO MUNICIPAL UTILITY DISTRitCT

L
_



}
) in a 3 a s s i a s lo 2 3 4 5

.

--

u_

300~

N
2
& i

E /
2 /
W 250 r

/
/

/
/ f

,/ /
/200 / ' i

/
/

/ '/ s// /

/'
150 p

/ /

s'/
' -

100
0 ;

10-1 10
i

0305000 l

00 ,

~

)
l

1
\
r



i :

7 I i 1D 2 3 4 5 I I I 1 10 7 3 4 5 6 73110 : I * i i - ; I; j,

-|
1

'

,

| i |
i !

! ! |
9 8

9

'
|
..

i j l
8t e

e

i 1 !

j i e

!

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

I' REACTOR BUILDING s i
'

VAPOR TEMPERATURE '

;

i w
\

^ \

{ REACTOR BUILDING \ NF
\ \.

| SUMP TEMPERATURE \ '\ vjs \ s
"% ? f ,

N i

N
\
\
s

'i |

EMERGENCY AIR COOLERS OPERATING N.!
BUILDING SPRAYS NOT OPERATING %

|
!

:

2 3 410 1 10 10 10

TIME AFTER RUPTURE, SECONDS

FIGUREluk
REACTOR BUILDING VN* SPOR A'D SCG |
TEbiPERATURES VERSUES TDE AITER i

A 14.1 FT2 IIOT-LEG 3 PIPE P17fLE |

$SMUD 00< .

..

SACRAMENTO MUNICIDPAL UTILITY DISRC~T
1

L



i
o

10 2 3 4 $ i ' I I 'I 2 3 4

: '
:'

,

i

.;i:*!

,

,

_--
,

EMEERGENCY AIR COOLERS O
BUlllLDING SPRA'r3 NOT OPE 3

I
I

.

.

300 _

. . I
REACTOR BUlllLDING VAPCR TEMPERATM

' ' ' i250
u_

mr

5
-

I 200 /g
//1

UJ
~ /

/ /' /
150 . / /

af
',/,-,

-C//-
1001

10-l 100

000 03 00: J,

L

\
r



e
,

4

E 7 I i 10 7 3 4 5 5 7 I i 10 7 3 4 5 6 78910 2 3 4 5 0 ' : 5 'l

i

i

'ERATIN G '

,

(TING i

.

.

I

i

-- -- ., _'.

y s. '
,

/ %
RE =/ s
i s %

,

/ \
e % .

/ \, -- - -
,

j g % \ .

\,

/ REACTOR Bull. DING \ /
/ SUMP TEMPERATURE

j
j

\ | !
.g ,

N. i

W !
i %!
: 5

i
1
'
,

2101 10 103 104

TIME AFTER RUPTURE, SECONDS 000 0308
FIGURE 14. 2-45

REACTOR BUILDING VAPOR AND SUMP
TEMPERATURES VERSUS TIME AFTER

i A 3.0 FT2 RUPTURE
; -

esuun ..

SACRAMENTO MUNICIPAL UTILITY DISTITF"CCT

.



.||

%
e
*b

J m5 ~ ~ :':.a 4

..-
_

.

-

_

oo

-

mo

G
I

S
P

,

E
R ao

xU
S
S
E
R
P

G
N
I - 'D aoL

IU
B
R
O
T
C
A
E moR

.

\ _.
.

s$ _ -A
o N .

\ .

\
.

.

.
-
.

-

-o
L 1

O. ,o(

ooc OuO,<

o -)c .
,

_

.

,



_

.i

5 6 i 1 i 10 2 3 4 65 10110 !_ 3 4 5 E i I I to 2 3 4 : i I i it

i

i

1

54.1

, y q
'm -

/ s ,

/ \
\ ;

'

/ \ . .

s .

I I-

:

!

I

i i
?

k i

EMERGENCY AIR COOLERS OPERATING !
,

BUILDING SPRAYS NOT OPERATING i

REACTOR LOW PRESSURE AND HIGH PRESSURE !
INJECTION SYSTEMS NOT OPERATING

ks '

s
i :

:

i

!!-)
101 10 )93 10*2

TIME AFTER RUPTURE, SECONDS

FIGURE 14.2-46
CRITERION 49 FOR A 164.1 FT2

IlOT-LEG PIPE RUPTTETRE ggo

@suun
" ^ ~

SACRAMENTO MUNICIPAL UUTILITY DISTRICT

1



1 ;||' 1 ,,

*

-
- l |-

*
,

i
\

oo

mm MOmZn<
> OOhm=

- %>z U " J<= luo

T
N

mgmWO @_E
C

\:. > " OOO,R
E
P

,

N
1O \

I

T ,

C
A
E
R wo '
R
Z

\ a_E
L .B

\
hA

W
O
L
L

x

As\
A

N
O

. 8o

y_ym uO _

"%

,
.

.

-
+



. .

.

.

'"s
/

~

CY #
$RS ,,/

/

m

2000 3000

'

OMPLETE ggACTIoy' SECONDS

14 , ,

Son #$g |b c', g,an".2mssgenin*
,~ : v

$*Musa oc

~~c , MUNICipq DISTRICT



|

-
n

a ~ ~'._~r~ ~
o

mem"OmZn< >s OOO mO
cc _,o ZO Qy<m ZO Oaeo

S
e OZm nO5 mrOoo oe-

@ *5O nOE mrOoaEo s

$
. G

I

S
P

,

E
R
U

8S
S
E
R
P

G
N
I

D
L
I SU
B
R
O
T
C x

N
A
E
R

o

x
x

\
A

8 \
\

\

o

,o . go_L

OCC Ou W

,_
*

'

,
,

.

%
*



,

6

3 4 i s i s e io 2 3 e i i i in 2 3 a s i r s e in 2 : a t 1 s it

, i

i-

! ,

'ERATING
,

LTING ___

,N K

(NKS
53.5 53.3

f #~$1/ Q
~

-

7 x

s
@ i

I
,

h '

M i

'\

4
\

> g '

\
\

\

\s,
s

i

101 102 .d I

TIME AFTER RUPTURE, SECONDS 00fl 03&
FIGURE 14.2- ': 8

REACTOR BUILDING PRESSURC VERSUS TDIE AF-
2TER A 14.1 FT HOT LEG PIIPE RUPTURE WITE

ONE AND TWO CORE FLOODING 3 TANKS OPERATINIG

esuun .

-

u.

SACRAMENTO MUNICIPAL _ UTluTY DISTRICT

Amendment 1
,



.

.

.

- a ~ _ - . ~ . ~ -
.

.

~O,

~ ,

*Z9Zp"8 m> mOC na* O En o

.O eEO no"m mrO EZay>Zn"
m>Ag _Zmmn* OZ"

m>@OmZo<_ hm OhemG- _ _ __
ZO~ O;F,xa_ZO- -

oO mc F9 ZO m "><. v,
,

.

GI
S
P

,

E
R
U
S uO
S
E
R
P

G
N
I

D
L
I oOU
B
R
O
T

\
C
A
E
R

mO

%

_
O

_

3
\

\x
\

\
\

\O (
.

"Oi %.

OEv O *;. M-
i

._:.
.
.

e
;



I

i

4 5 6 7 I110 7 3 4 56 789la i 3 8 5 s 7 :I to 2 3 * i i ' f I ?C

1 i i.

TING: ,,)
1

||53.952.7 -4
-

I

[ \ |

r N !/
/ \ |'is !-

\
f '

\ !

\ i

/ \
r *

|

|

I

\ !
!

'

\
N

N

10 1 102 jo3 104

TIME AFTER RUPTURE, SECONDS

000 0.516
FIGURE 14. 2-49

REACTOR BUILDING PRESSUE.E VF%US
2TIME AFTER RUFIURE (8.5. 5 FT )

WITH OPERATION OF CORE FLOD33ING TNiKS
- ,n

$SMUD -

SACRAMENTO MUNICIPAL UUTIUTY DISTRICT

Arend:ent 1

,
.



, , _-
-

'N - -- -
m. . . .

n

REACTOR BUILDING PRESSURE, PSIG

- m a x vi o. N
o O O O O O O O

''O
1

*= z mm-
g Zo gm>go9c ~

i: -

EO_QQn %O -- z _Oa m m
y zZ$ $..

C O ~

n\ m _<mm oO. ,

i Co yP O I "

Q o.. _ >0
-

G 1 EOom -

s _t m _m Z9o-_\y .

--Q w z c
- ,o =O ,

c) A,-

m y9 -

l'd S in\ _ .. 2 0.- ..
, n -om m

72



i

il
i

.

e i i ' I 513 7 3 4 56 7 8 I it 2 3 4 b g ; 3 g tg ; 3 4 5 6 7 F e 9 tc

i$! '

t;t
.;

CING: ! i

i

~

54.4
'

s f %

: / N
N-

: \:

i T1

: I \
| ! N
: i s
, , (

! ( ',

!I
.

/;

i. ;/
; \

'

| 1
'

,

'

;

| \
| N

N,

N.

%y <

10 1 102 10 3 104 !

TIME AFTER RUPTURE, SECONDS

000 0318 /

FIGURE 14.2-50
REACTOR BUILDING PRESSURE VERSUS

2TIME AFTER RUPTURE (3.0 FT ) WITIt'd
OPERATION OF CORE FLOODING TANKS

'esuuo -

SACRAMENTO MUNICIPAL UTILITY DISTITHICT

Amendmennt 1

..



_ . _ _ .

4(j
,

14.3 ENVIRONMENTAL CONSEQUENCES OF HYPOTHETICAL ACCIDENTS

14,3.1 GENERAL APPROACH

The descriptions of various accidents and accident results on plant
operations and associated equipment were presented in preceding subsections.
The environmental consequences are discussed here in terms of radiation doses
to potential receptors. The calculated doses are summarized in Table 14.3-1.

14.3.2 STEAM GENERATOR TUBE FAILURE
'

This accident is described in 14.1.2.10. Briefly, it postulates that the
steam generator tube failure occurs at a time when the reactor is operating
with 1 percent failed f-rel. The fission product contamination of the
primary coolant is continuously removed by the purification system with the
exception of fission gases, kryptons and xenons. A total of 1.6 x 108
cubic centimeters of primary coolant is assumed to leak into the secondary
coolant. With I percent failed fuel, the primary coolant will carry approx-
imately 306.2p curies of xenon and 22.3p curies of krypton isotopes per
cubic centimeter of coolant. (Table 11.1-3) Consequently, 52,600 curies
of noble gases are released into the secondary coolant and through the
condenser vents'to the atmosphere as indicated in 14.1.2.10. Essentially
all iodine is retained in .the condensate, only 0.05 curies of I-131 being
released through the vents. Assuming conservatively semi-infinite cloud

[ dimensions at the point of recep tion, a ground level release in the " wake"
of the building rather than an elevated release from the vents, a downwind
cloud concentration corresponding to the 2-hour dispersion factor listed in
2.3.4, and an average energy of the noble gases in the cloud of 0.4 Mev/
dis., the resulting whole-body dose for this accident at the site boundary
(0.4 mile) is calculated to be 0.770 rem. At the low population center
(city of Lodi, 17 miles from the site) the whole-body dose is 0.016 rem.
The thyroid dose is 0.007 rem at the site boundary and less than 1 millirem
at the low population center.

14.3.3 LOSS OF ELECTRIC POWER

The description of this accident is in 14.1.3.8. In this accident, a

portion of the secondary coolant steam is vented to the condenser through
the by-pass valve or to the atmosphere through safety valves. Under normal
operation, the secondary loop steam is clean and its venting to the atmos-
phere will not create any radiological hazard. However, if the loss-o f-

electric-power accident occurs when the unit is operating with one percent
of fuel elements failed, and if simultaneously, a steam generator tube
decalops a leak, the noble gases in the primary system would escape to the
atmosphere. The estimated time of steam relief as described in 14.1.2.8
is 2 minutes, compared to l.7 hours of venting in the steam generator tube
failure accident. Consequently, the whole-body dose at the site boundary
from the noble gases released in this accident would be approximately
0.015 rem. The thyroid dose is less than 0.001 rem. Therefore, it is

]. . concluded that the loss-of-electric-power accident will not. be a hazard to
-the public even under the most severe assumptions.
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Environmental Consequences of Hypothetical Accidents

(

TABLE 14.3-1
SDDIARY OF MAXIMUM INTEGRATED DOSES IN REMS

Integrated Integrated
Short-Term Short-Term
Exposure at Exposure at
0.4 Miles 17 Miles

Reference L

Accident Sections Thyroid Whole Body Thyroid Whole Body

Steam Generator 14.3.2 0.007 0.770 Negligible * 0.016
Tube Failure

Loss of Electric 14.3.3 Negligible 0.015 Negligible Negligible
Power

Fuel Handling 14.3.5 0.204 0.400 0.004 0.001
Accident

Waste Gas Tank 14.3.7 0 0.308 0 0.007
Rupture

Steam Line Failure 14.3.4 0.306 0.003 0.007 Negligible
Outside Contain-
ment Building

Integrated Integrated
2-Hour Exposure 30-Day Exposure
at 0.4 Miles at 17 Miles

Steam Line Failure 14.3.4 Negligible Negligible Negligible Negligible
within Containment
Building

Rod Ejection 14.3.6 0.040 0.002 0.001 Negligible
Accident

Loss-of-Coolant 14.3.8 0.730 0.061 0.026 Negligible
Accident

Maximum Hypotheti- 14.3.9 12.3 1.0 0.420 0.007
cal Accident

* Describes an integrated dose less than 1 millirem

009 320 g
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14.3.4 STEAM LINE FAILURE

The steam line failure accident is reported in 14.1.2.9. This accident can
be postulated to occur inside or outside the containment building. A
steam line failure within the containment building is evaluated first.
Under normal operating conditions, there would be no radioactivity in the
secondary loop. However, to evaluate environmental consequences of this
accident, it is assumed that, at the time of the accident, the unit operated
with 1 percent failed fuel and with a simultaneous steam generator tube
Icakage allowing the fission products from the primary loop to enter the
secondary coolant system. As in the previously discussed accidents, the
secondary loop contamination is principally through the noble gases which
are not removed in the ion exchangers of the primary coolant purification
system.

The estimated steam generator tube leakage for this accident is 6.81 x 105
cubic centimeters over a 3 hour period.

Since the noble gases activity of the primary coolant resulting from 17.
of failed fuel elements is 328.5 pcuries/cc (Table 11.1-3), the total
activity released to the contaiment is 224 curies. Similarly, the amount
of curie-equivalents of 1131 released is 4.22 curies. Assuming a contain-
ment leakage rate of 0.1 percent per day at the containment pressure of 10
psig, both the whole-body and the thyroid 2-hour doses at the site boundary

,

[ are less than 1 millirem.
,

N j

Using the above assumptions for a postulated steam line failure outside the
containment building, the downwind doses will result from an essentially
instantaneous and uncontained release. The calculated doses for this
accident are 0.306 rem to the thyroid and 0.003 rem whole-body cloud dose
at the site boundary. The thyroid dose at the low population center is
0.007 rem and the w. 'e-body dose is less than 1 millirem.

Calculatignswerealsocarriedout for primary coolant releases other than
6.81 x 10 cm (180 gal.). Figure 14.3-7 indicates that the thyroid dose at
the site boundary as a function of the percent of the primary coolant
release, always assuming an instantaneous escape to the atmosphere of all
iodine present in the released fraction of the primary coolant. A 50% and
100% instantaneous release of primary coolant to the atmosphere would
result in thyroid doses at the site boundary of approximately 55 and 110
rem respectively. 1

The above discussion should not be construed that 50% and 100% releases of
primary coolant to the atmosphere are regarded as credible or that a
mechanism for.such a release exists. The inclusion of Figure 14.3-7 is only
for the purpose of demonstrating that even under such extreme assumptions
of releases of primary coolant to the atmosphere, the thyroid doses at
the site boundary will not exceed 10 CFR 100 guideline values of 300 rem.

000 O Rfc
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Environmental Consequences of Hypothetical Accidents

14.3.5 FUEL HANDLING ACCIDENT

The fuel handling accident is postulated for the auxiliary building and is
described in 14.2.2.1. In this accident, 28.4 curies of iodine and 2.79 x
104 curies of noble gases are released to the building from 56 ruptured |3
fuel pins. The building is continuously ventilated through high ef ficiency
and charcoal filters which will retain the particulate fission products
and 99 percent of iodine. It is conservatively assumed that in this accident,
the 2. 79 x 104 curies of noble gases and 2.84 curies of iodine are released
at ground level in the " wake" of the building rather than from the elevated
vents.

The whole-body dose at the site boundary calculated for a semi-infinite
cloud geometry is 0.400 rem. The thyroid dose at the site boundary is
0.204 rem. The thyroid dose is directly proportional to the amount of
iodine released. Therefore, if all 28.4 curies of iodine are released
to the atmosphere (no credit for filter-removal of iodine), the thyroid
dose would then increase by a factor of 10 to 4.00 rem. Even this
higher number is still well below the AEC guideline values for the emergency
thyroid dose of 300 rem.

14.3.6 ROD EJECTION ACCIDENT

The rod ejection accident is discussed in 14.2.2.2. The rod ejection
damages the rod housing creating an equivalent opening of 0.04 ft2 throu gh
which the reactor coolant escapes into the containment. It is assumed that
the power excursion resulting from the rod ejection accident damages fuel
rods, releasing 166,000 curies of 1131 and 1.45 x 106 curies of noble gases
to the containment building. The environmental consequences evaluation
assumes that tne sodium thiosulfate sprays iodine removal time constant of
25 hr-1 applies. The evaluation further assumes that the containment
building leakage will remain 0.1 percent of the containment volume per day
without any reduction for 30 days.

Based on these conservative assumptions, the 2-hour dose at the site
boundary is 0.074 rem. The 30-day thyroid dose at the low population cen-
ter (17 miles) is 0.001 rem. The 2-hour whole-body dose at the site bound-
ary is 0.002 rem. The 30-day whole-body dose at the low population center
is negligible.

It may be noted that if no credit for iodine removal is taken, the doses
will increase by a factor of approximately 20 but will be still well below
the AEC guideline values.

14.3.7 WASTE GAS TAh"K RUPTURE

The possibility of releasing significant amounts of gaseous activity to the
atmosphere from the gaseous waste disposal system is remote. However, to
evaluate upper limits on environmental consequences in case of such an
accident, it is assumed that the waste gas tank ruptures releasing its

g.contents to the auxiliary building and through the vents to t at

14.3-4 Amendment 1
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-/ The maximum activity in a vaste gas decay tank will occur following a boron

dilution cycle during reactor startup just prior to switching to the deborat-
ing demineralizer for boron removal. The reactor coolant water activity

used for the analysis assumes prior operation for an extended period with
1 percent of f ailed fuel rods. Approximately 72,000 gallons of reactor
coolant would be let down at this time. Since the purification deminerali-
zers will remove the particulate fission products and iodine only, noble
gases will be present in the primary coclant. The gaseous activity will be
carried with the water to the reactor coolant flash tank, where it is

assumed that the gases are immediately released from the water and carried
with the purge gases to the waste gas decay tank. It is conservatively

assumed that the gases do not undergo radioactive decay after leaving the
reactor coolant system whereas normally they would be subjected to a 30-day
decay time in the waste gas decay tanks. With these assumptions, the
following activity is calculated to exist in the waste gas decay tank:

Isotope Total Curies

Kr 85m 544.0
Kr 85 4,200.0

Kr 87 300.0
Kr 88 1,000.0

Xe 131m 570.0
Xe 133m 870.0
Xe 133 79,000.0,- x

('v') Xe 135m 272.0
Xe 135 2,550.0
Xe 138 136.0

The auxiliary building is ventilated and activity which is released to the
building will be eventually vented to the atmosphere. To evaluate this
accident, it is assumed that the activity is released instantaneously in
the wake of the building rather than at a relatively slow rate through
elevated venting. Assuming the 2-hour atmosphere dilution values developed
in 2.3.3 and semi-infinite cloud geometry, the whole-body 2-hour gamma
dose at the site boundary is 0.308 rem. Using the 2-hour dispersion factor,
the whole-body dose at the low population center is 0.007 rem.

14.3.8 LOSS-OF-C00LAST ACCIDENT

14.3.8.1 Environmental Consequences

The loss-of-coolant accident is described in 14.2.2.3. The safety analysis
for the loss-of-coolant accident considers the release of radioactivity in
the coolant based on 1 percent failed fuel rods plus the fuel rod gap
activity as indicated in section 14. 2.2.3. Other parameters, such as fis-

sion product inventory, iodine plate out, reactor building iodine spray
removal, reactor building leak rate, dilution multipliers, etc., are the
same as those used in the analysis for the maximum hypothetical accident

. _ _

[ as described in 14. 3.9 which follows.' s

000 0323- 0F
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Environmental Consequences of Hypothetical Accidents

For the loss-of-coolant accident, coolant activity is negligible compared
to the gap activity. Thus, the gap activity governs the doses. Figure
14.3-1 shows the thyroid dose as a function of discance for 2-hour, 24-hour
and 30-day exposures due to the lo s s-o f- coolant accident. The 2-hour dose
at the site boundary exclusion distance is 0.73 rem, which is well below
the 10-CFR-100 limit.

The 2-hour whole-body immersion dose from the plume at the site boundary
is 0.061 rem. The direct dose from the reactor building at the site
boundary is 0.001 rem for a 2-hour exposure. These doses are several
orders of magnitude below the 10-CFR-100 limit.

14.3.8.2 Effects of Reactor Building Purging

At times during the normal operation of the reactor, it may be desirable
to purge the reactor building while the reactor is operating. In the event
of a loss-of-coolant accident during purging operations, some activity
would be released to the environment. The purge valves will be completely
closed in 5 sec. During this time, assuming a 36-in. ID, double-ended
rupture, essentially all of the reactor coolant will have been blown down.
The activity in the reactor building is due to the reactor coolant activity
after operation with 1 percent failed fuel. For this case, approximately
1/400 of the reactor building atmosphere will escape through the purge
valves before they close, corresponding to a release of 3 curie-equivalents
of iodine-131. This analysis assumes unrestricted flow through the purge
line for the full 5-secend closing time. No reduction in flow is assumed
as the valve closes, and therefore the results are conservative. The
release of this iodine results in a total integrated thyroid dose of 0.216
rem at the exclusion distance. This dose, when added to the thyroid dose
for a loss-of-coolant accident without purging, is well below the 10-CFR-
100 guidelines.

14.3.9 MAXIMLN HYPOTHETICAL ACCIDENT

14.3.9.1 The Source Term

The maximum hypothetical accident is described in 14.2.2.4 The environ-
mental consequences from this accident are analyzed on the method and
assumptions given in TID-14844. The inventory of fission products in the
core and the release of fission products from the core are as stated in
T I D- 14844.

Of the total core inventory, 100 percent of the noble gases, 50 percent of
the halogens, and 1 percent of the solids are assumed to be released into
the reactor building. Half of the iodines released are assumed to plate
out to exposed surfaces in the reactor building. The other 50 percent of
the released iodine is assumed to be airborne on the reactor building and
available for leakage. Reactor building spray is utilized to further
reduce the airborne iodines. A spray removal coef ficient of 25 br-1 is
used to evaluate iodine washdown. It is conservatively assumed that when
the airborne iodine concentration is reduced to 5 percent of the initial

. 000 Da2'l
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,

( _/ concentration, no further credit for spray is taken. This corresponds to
1.25 percent of the iodine core inventory. A sensitivity analysis of the
iodine spray removal was made and is presented in 14.3.10.

The reactor building leakage rate is assumed constant at 0.1 percent per
day for the curation of the accident. This is another conservative factor
since the leakage is a function of pressure dif ferential and the pressure
in the containment will be brought down to approximately 5.5 psig in about
2 hours.

14.3.9.2 Thyroid Dose

In determining the dose to the thyroid, a breathing rate of 3.47 x 10-4
m3 sec is assumed for the 2-hour exposure dose. For the 24-hour dose,/
the breathing rate is the rate suggested in TID-14844 of 3.47 x 10-4
m3/sec for the first 8 hours and 2.32 x 10-4 m3/sec for periods longer
than 24 hours. For the time interval between the 8th and 24th hour after
the accident, a weighted average breathing rate of 1.74 x 10-4 m3/sec was
assumed.

The dose to the thyroid for the 24-hour exposure is assumed to be the sum
of the initial 2-hour dose which is based on the 2-hour dilution multiplier
and a 22-hour incremental dose which is based on the 24-hour dilution
multiplier. Similarly, the 30-day dose to the thyroid is assumed to be,_

'

; the sum of the 24-hour dose and a 29-day incremental dose which is based
(/ on the 30-day dilution multiplier. This method results in higher thyroids

doses for the 24-hour and 30-day exposures than would be obtained by using
the 24-hour and 30-day dilution multipliers respectively for the entire
24-hour and 30-day periods. The dilution multipliers for 2-hour, 24-hours,
and 30-day periods are presented in 2.3.

Figure 14.3-2 presents the thyroid dose as a f unction of distance from the

reactor building for 2-hour, 24-hour, and 30-day exposures. The results
show that the 2-hour thyroid dose at the site boundary exclusion distance
(2100 feet or approximately 0.4 mile) is 12.3 rem and at the low population
center for a 30-day exposure is 0.420 rem. If no credit for iodine renoval
by sprays is taken, these doses will increase by a factor of 20, but still
will be less than the 10-CFR-100 guideline values.

14.3.9.3 Direct Dose from Containment Buildina

The direct ga==a dose at various distances from the reactor building due
to fission products contained in the building is shown in Figure 14.3-3
for 2-hour and 30-day exposures. The source intensity in the reactor
building as a function of time af ter the accident is based on radiological .

decay only, with no credit taken for leakage, filtration, or washdown.
The direct 2-hour and 30-day whole-body doses at the site boundary were
calculated using the GRACE II computer code 19 based on a uniform cylindri-
cal source and 3.5 feet of concrete shielding and are 0.4 and 0.9 millirem,
respectively. The sky-shine dose is negligible due to-the 3.5-foot thick

' '

concrete walls of the containment building.
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14.3.9.4 Whole-Body base From the Cloud

The whole-body dose due to immersion in the leakage plume (Figure 14.3-4)
is 1.00 rem for a 2-hour exposure at the exclusion distance. The whole-
body dose from a 30-day exposure at the low population center is 0.007 rem.
This result is for a receptor point located in a simi-infinite cloud
geometry. The source intensity is based on a 0.1 percent per day leakage
rate of available noble gases and iodines as stated in Section 3.9.1.

14.3.9.5 Fffects of Radiation Source From pumn Leakace Durine the
Maximum Hvoothetical Accident

An additional source of fission product leakage during the maximum hypo-
thetical accident can occur from leakage of the engineered safeguards
equipment external to the reactor building during the recirculation phase
for long-term core cooling. A detailed analysis of the potential leakage
from these systems is presented in 6.3. That analysis demonstrated that
the maximum leakage is about 5,000 cc/hr.

It is assumed that the water being recirculated from the reactor building
sump through the external system piping contains 50 percent of the core
saturation iodine inventory. This is the entire amount of iodine release
from the reactor cooling systen. The assumption that all the iodine
escaping from the reactor coolant system is absorbed by the water in the
reactor building is conservative since much of the iodine released from

the fuel vill be plated out on the building walls. The activity in the
recirculation water is equal to 0.037 equivalent curies of I-131 per cc
of water. Since the temperature of water in the reactor building sump
will not reac5 boiling when recirculation occurs, the iodine release is
calculated using a gas / liquid partition coef ficient of 9 x 10-3,

Leakage from the auxiliary building is caused by exfiltration. It is
assumed that the building leaks at the rate of 100 percent per day with
atmospheric dilution occurring in the wake of the building. For this
building leak rate and the inversion condition, the iodine will produce
an integrated dose to the thyroid of 0.020 rem in 2 hours at the exclusion
distance.

14.3.9.6 Rainout

The extent of airborne activity which may be brought down by a sustained
rain occurring at the time of the atmosphere release was calculated. It

has been shown in 2.3 that most of the rainfall in the Great Central
Valley of California is brought from the SE-SSE by Pacific storms. Based
on the precipitation data at Sacramento, the following assumptions, believed
to be conservative were made for the rainout analysis based upon data
presented in Appendix 2A.

0b )
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a. Duration of rainout - 8 hours

b. Rain Intensity - 0.05 inches / hour (0.127 cm/hr)

c. Neutral Meteorological Conditions (Class D)

d. Average Associated Wind Speed - 4. 7 m/sec

The probability of wind continuing in one direction for 8 hours is approxi-
mately 10 percent. According to Engelmann20, the washout coefficient for
a rainf all of 0.127 cm/hr is 0.85 x 10-3/sec, however, for the purpose of

this calculation, a value for A = 1 x 10-4 is conservatively assumed.

The effect of rainout after the maximum hypothetical accident has been
performed for the nearest source of potable water which will be the future
Folsom South Canal passing at a distance of approximately 5 miles from the
Rancho Seco site. All the existing sources of potable water open to the
atmosphere are at significantly greater distances (see Subsection 2.4). A

continuous 8-hour contamination of the canal water by the released iodine
based on a 200 sector width at 5 miles and an average cloud concentration

131equal to 2/3 of the centerline concentration shows that 0.1 curies of 1
could be deposited in the canal water surface. However, since the proposed

1canal flow rate will be 3,500 ft3/sec, the downstream dilution of 1 31 is
3.64 x 10-8 curies /ce, well below the (MPC)w value of 3 x 10-7 curies /ce.

7

x,

14.3.9.7 Doses in the Control Room Followine t h e SMA

Doses in the control room following the MHA accident will originate from
three possible sources, as follows:

9*
a. Direct gamma dose from fission product in the containment

building through the3.75-f eet thick concrete wall and 1-foot
thick concrete ceiling in the control room.

b. Direct gamma dose from the plume resulting from containment
building leakage when it passes over the control room.

c. Direct gamma dose from fractional amounts of fission products
which may reach the control room with the ventilation make-up
air.

Direct gamma doses in the control room frou the containment building and
from the plume are essentially due to 2 Mev gaenas from krypton-87, krypton-88
and 1.5 Mev iodine-135. Contributions from isotopes of lower energy gammas

is negligible since these are effectively screened out by the concrete
shielding. These three isotopes have, however, relatively short half-lives
and decay rapidly. For example, at the end of 100 hours following the
accident, the combined gamma dose from these three isotopes has decreased
to approximately 1/:40 of the dose during the first hour. The following

,

are the integrated 30-day dose contributions from the three sources mentioned'

above:s
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a. Containment building - 0.3 rem

b. Effluent plume - 0.02 rem

c. Contaminated ventilation air - negligible

The containment building dose assumes a separation distance between reactor
building and the receptor of at least 30 meters and a total concrete shield

2 thickness of 4.75 feet. The doses trom the contamination of the ventilatien
air will be minimized by appropriat e design of the ventilation system, posi-
tioning of the intake vents and the use of filters. The positioning of the
intake vents will give due consideration to the prevailing wind directions.

In conclusion, in view of the calculated dose levels and the conservative
assumption on which these doses are based, a permanent occupancy of the
control room following an MlA accident will be possible without exceeding
10 CFR 100 dose guidelines.

14.3.10 IODINE REMOVAL SENSITIVITY ANALYSIS

The reactor building spray system has two major functions following a
loss-of-coolant accident. One of these functions is to reduce the tempera-
ture and pressure in the reactor building below the design values. The
other is to remove most of the elemental iodine (I ) in the reactor build-2
ing atmosphere in as short a period of time as is practical. For this
reason, the spray system uses a sodium thiosulfate solution.

The analysis of the capabi.lity of the spray system to remove iodine from
the atmosphere was based on the work of Griffiths14 As shown by Taylor 15
the transfer of iodine into drops of caustic soda solution is gas film con-
trolled. The additional condition of low iodine concentration e.g.,<10-7
gm/cm3, leads to the following equation:

DY (2 + 0.6 Re /2 ge /3)l lV =

6 d

velocity of deposition, cm/secwhere V =
g

dif fusivity for iodine in containment atmosphere,cm?-/secD =y

d diameter of drops from spray, cm=

Reynolds number, E, where v, p, and p are the velocity,Re =

density and viscos$ty of the containment atmosphere, respec-
tively (in consistent units). For v, the terminal velocity
of the drop of diameter d is used.

Schmidt number, f_ (consistent units)Se =

O~
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The removal of elemental iodine from the reactor building due to the operation
of the spray system is given by the exponential equation:

-A tA A e s= o

where A initial amount of 12 in reactor building atmosphere, curies=
g

or curies /m3

As i dine removal time constant, sec-1=

The iodine removal time constant is given by

d -1As (V ) sec 1=
g

velocity of' deposition defined previously, em/secwhere V =g

= t tal surface area of drops in the reactor buildingS
d

volume, cm2

3VR reactor building volume covered by the spray, cm=

The value of Sd may be found from the following equation:

Ad FT
* c* lS d Vd

surface area per drop, cm2where A =
d

3V v lume per drop, cm=
d

3spray flou rate, cm /secF =

average residence time of drop in the atmosphere, sect =

For spherical drops b=5 Therefore,
Vd d

6 FI 2
S = cm 1d

d

and A is given by 6V FIs g
*

VR

! 0{
. . , ,

,
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Calculations were made assuming different temperatures and pressures and
different drop sizes. Ten different cases were investigated and the results
ar e given in Table 14.3-2.

The effect of steam in containment air was investigated in Case 1. For
Case 1 the containment atmosphere was assumed to be an air-steam mixture.
In all other cases, an air atmosphere was assumed. It can be noted that
assuming no steam in the containment atmosphere leads to slightly conserva-
tive results (compare Cases 1 and 2). It can be also noted, comparing
Cases 1 and 2, that the analysis is not sensitive to pressure changes in
the examined pressure range.

Figure 14.3-5 gives the relation between the drop size and iodine removal
time constant. Figure 14.3-5 shows how the iodine concentration in the
atmosphere is reduced with time for dif ferent drop sizes.

This analysis reveals that for drop sizes smaller than 1500 microns, the
iodine concentration in the reactor building atmosphere will be reduced to

1| 5 percent of its initial value within about 12 minutes. For drop sizes of
1000 microns or less, the same concentration reduction occurs for one-balf
the spray system out of operation (1500 gpm spray flow rate).

To ensure excess reagent, a (one) molar solution of sodium thiosulphate is
used.

It is seen that for the drop size chosen, 700 microns, and half the spray
system out of operation, the iodine removal time constant is approximately
35 hr-1 A very conservative value of 23 hr-1 was used in all calculations.
When the airborne iodine concentration reaches 5 percent of its initial
value, no further credit is taken for the effect of the spray system in
removing airborne iodine. This corresponds to 1.25 percent of the initial
core inventory of iodine which is not removed by spray. This is an addi-
tional conservative assumption which accounts for the methyl iodine released
during and produced after the accident.21-26

,

14.3.11 POPULATION DENSITY CONSIDERATIONS

The above discussion concerning the environmental consequences of various
accident conditions has demonstrat ed that the plant engineered safeguards
adequately protect persons at the site exclusion area and low population
zone boundaries from radiation exposure in excess of guidelines set forth
in 10-CFR-100.

A further objective of the siting criteria is to assure that the cummula-
tive dose to large numbers of persons which could result from any nuclear
accident is low in comparison with the AEC guideline values.

To illustrate that the population center distance criteria are ef fective1.y
met, Table 14.3-3 has been prepared. This :nbulation indicates the total
man-rem exposures occurring in the Sacramento and Stockton sectors and is
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TAllLE 14.3-2
SUMMARY OF Tile SENSITIVITY ANALYSIS OF IODINE REMOVAL SIIOWING Tile EFFECTS

OF PARAMETER VARIATIONS
{E
a
S Drop Drop Fall Velocity of

5 Case Size Velocity Deposition Temp. Press As

g F Psig li r- I Connnent s"
No. (Microns) cm/sec V cm/sec O

g

1 1000 400 6.25 281 59 35.2* Air-

(17.6)** Steam Mix

,
,

1000 406 6.08 281 55 34.2 All Air:2
(17.1) p

<:

13 1000 400 7.72 212 25 43.5 All Air E

|(21.75)
m

I. 4 1000 400 11.6 100 0 65.4 All Air S
~
* (32.7) D
. n-- nw

b 5 200 76 8.14 281 55 1200 All Air 0

j (600) 3
. c

Q 6 600 237 6.41 281 55 101.5 All Air $'

(50.75) mg
* O

7 800 320 6.2 281 55 54.4 All Air m

(27.2) g,

c.

8 1200 475 5.95 281 55 23.4 All Air S
.

(11.7) (i

h! o 9 1400 550 5.89 281 55 17.2 All Air
~(8.6)a w

) 1 \ R'.

10 1500 590 5.86 281 55 14.9 All Air n
s

(7.45) E
Si

'

3000 GPM* Spray Flow Rate =

j ** Spray Flow Rate 1500 GPM=

!
Hs e

l



Environmental Consequences of Hypothetical Accidents

computed using the projected 1985 population distribution presented in
Figure 2.2-6 and the calculat(d maximum hypothetical accident (MHA) thyroid

2| dose versus distance curve shown in Figure 14.3-2. These two sectors are
the most highly-populated sectors surrounding the Rancho Seco site.

TABLE 14.3-3
SMUD SITE POPULATION

DISTRIBUTION AND INTEGRATED
MAN-REM EXPOSLRES

22.5 Sector Thru Sacramento 22.5 Sector Thru Stockton
Distance
(Miles) Population (2000) Man-Rem Population (2000) Man-Rem

0-5 14 70 12 60

5-10 580 696 483 380

10-20 83,984 40,312 43,340 20,803

20-30 634,021 158,505 256,737 64,184

30-40 39,098 6,256 32,900 5,264

40-50 18,991 2,279 41,681 5,002

Total 776,688 208,118 375,153 95,893

|

The man-rem exposure limits implicit in the 10-CFR-100 population centtr
criteria can be estimated by considering the residents of a population
center of 25,000 persons (located 1-1/3 times the distance from the reactor
to the outer boundary of the low population zone) receive an exposure from
a cloud less than 300 rem at the nearest low population zone out boundary.
This would give a correspending dose of about 180 rem at the, population
center. An integrated 30-day thyroid dose of about 4.5 x 106 man-rem would
result under these conditions.

The man-rem exposures indicated in Table 14.3-3 are considerably below the
limiting values indicated in 10 CFR 100 and TID-14844 for population
centers.
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