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T1TLE/SUBJECT/PURPOSE

Main Steamline Break Accident Off-site and Control Room Doses

Purpose

The purpose of this calculation is three-fold:

(1) To perform a QA evaluation to determine the local (i.e., on-site) atmospheric dispersion factor for the superheated "puff'
produced by the steam released from the Columbia Generating Station main steam line break (MSLB) design basis accident (DBA),

(2) To apply this dispersion factor to the dose analysis using Polestar's STARDOSE code to calculate Control Room (CR) doses, and

(3) To perform off-site dose calculations.
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Calculatlon/CMR NE-02-04-06
was verified using the following methods:

0 Checklist Below

Revision I

a] Alternate Calculation(s)

Checklist Item
Clear statement of purpose of analysis....................................................................
Methodology is clearly stated, sufficiently detailed, and appropriate for the

proposed application..........................................................................................
Does the analysis/calculation methodology (including criteria and assumptions)

differ from that described in the Plant or ISFSI FSAR or NRC Safety
Evaluation Report, or are the results of the analysis/calculation as described
in the Plant or ISFSI FSAR or NRC Safety Evaluation Report affected?
1 Yes al No ..................................................................................................

If Yes, ensure that the requirements of 10 CFR 50.59 and/or 10 CFR 72.48
have been processed in accordance with SWP-LIC-02....................................

Does the analysis/calculation result require revising any existing output interface
document as identified in DES-4-1, Attachment 7.3?
0 Yes Z No ..................................................................................................
If Yes, ensure that the appropriate actions are taken to revise the output
interface documents per DES4-1, section 3.1.8 (i.e., document change is
initiated in accordance with applicable procedures)..........................................

Logical consistency of analysis ................................................................................
* Completeness of documenting references ........................................................
* Completeness of input .......................................................................................
* Accuracy of input data........................................................................................
* Consistency of input data with approved criteria ...............................................
* Completeness in stating assumptions ...............................................................
* Validity of assumptions ......................................................................................
* Calculation sufficiently detailed..........................................................................
* Arithmetical accuracy.........................................................................................
* Physical units specified and correctly used .......................................................
* Reasonableness of output conclusion ...............................................................

Supervisor independency check (if acting as Verifier) .............................................
- Did not specify analysis approach
- Did not rule out specific analysis options
- Did not establish analysis inputs........................................................................

If a computer program was used:............................................................................
- Is the program appropriate for the proposed application?
- Have the program error notices been reviewed to determine if they

pose any limitations for this application?
- Is the program name, revision number, and date of run inscribed

on the output?
- Is the program identified on the Calculation Method Form?

If so, is it listed in Chapter 10 of the Engineering Standards Manual?..............
Other elements considered:
}2 -vZ-oz-1/7 /o)2WZO V; t

Verifier In tials
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If separate Verifiers were used for validating these functions or a portion of these functions, each sign and initial below.
Based on the foregoing ie CalculationlCMR is adequate for the purpose intended.
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Control Room Dose: The Control Room (CR) dose was analyzed for two release scenarios: the first is the direct release of
steam to the atmosphere via the blowout panels (this will be the license basis case), the second is the release via the Turbine
Generator Building (TGB) to the atmosphere. No credit was taken for the remote intakes or the Control Room Emergency
Filtration (CREF) system. The dose conversion factors (DCFs) are based on Reference 1 which is recommended by
Reference 2. The dose for each release scenario was calculated with and without the effect of iodine spiking. A summary of
the dose results of these two scenarios is as follows:

Control Room Dose From Direct Release to the Atmosphere

Whole Reg Limit
Body CEDE TEDE (TEDE)

Dose without iodine spiking (rem) 2.83E-05 8.95E-02 8.95E-02 5
Dose with iodine spiking (rem) 5.65E-04 1.79 1.79 5

Control Room Dose, Release Via TGB, Mixing w/ TGB Air

Whole Reg Limit
Body CEDE TEDE (TEDE)

Dose without iodine spiking (rem) 1.27E-05 4.03E-02 4.03E-02 5
Dose with iodine spiking (rem) | 2.54E-04 0.81 0.81 5

Off-site Dose: The off-site (EAB and LPZ) doses (including iodine spike) were calculated using the formula given below.
Per RG 1.183 (Reference 2), the MSLB dose limits with and without'iodine spiking are 25 and 2.5 rem, respectively. Since
the source from iodine spiking is 20 times higher than that from equilibrium iodine (4 pCi/g vs. 0.2 pCi/g ), the dose
corresponding to the spike is 20 times higher than that corresponding to equilibrium iodine. Therefore, the spike dose is
more limiting since it results in a higher percentage of the dose limit. The results are summarized in the following table.

Dose (rem) = [Activity Release (Ci)] x [X/Q (s/m3)] x [Breathing Rate (m%3 s)] x [DCF (rem/Ci)]

Off-site Doses (rem) with and without Iodine Spike

With Iodine Spike Whole Body CEDE TEDE Reg Limit (TEDE)
EAB Dose (rem) Negligible 0.398 0.398 25
LPZ Dose (rem) Ne Ii ,le 0.109 0.109 25

Without Iodine Spike Whole Body CEDE TEDE Reg Limit (IEDE)
EAB Dose (rem) Negligible 0.020 0.020 2.5
LPZ Dose (rem) Negligible 0.0055 0.0055 2.5

Conclusions

CR Dose Results - The conclusion from these results is that the MSLB CR limiting dose of 1.79 rem (corresponding to
direct release to the environment with iodine spiking) is well below the 5.0 rem TEDE regulatory limit for control room
operator exposure given in Reference 2 for BWR MSLB.

Off-site Doses Results - The conclusion from these results is that the MSLB off-site doses (including iodine spike) of 0.398
rem and 0.109 rem for EAB and LPZ, respectively, are well below the 25 rem TEDE regulatory limit from Reference 2 for
BWR MSLB with spiking. In fact, these results are less than the 2.5 rem TEDE regulatory limit for BWR MSLB without
spiking considered.
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The methodology and scope of this calculation is consistent with References 3 and 4.

Calculation of CR Dispersion Factor (XJQ) - The Instantaneous Puff Release model described in Reference 5 to determine
the time-dependent dispersion of a non-rising, ground level, instantaneous puff release was used to calculate the CR X/Q
value. The initial volume of the puff is established by the amount of steam released by the MSLB and by the flashing of
entrained liquid. The calculation of this initial steam volume (and the DE 1-131 concentration) is the first step of the
calculation.

The puff centerline is then assumed to pass directly over the local CR air intake. The release point from the TGB is assumed
to be far enough away from the normal CR air intake to permit the puff to be fully extended (ie., x - 3a for the puff) before
movement across the CR air intake begins. This maximizes the time-integrated, normalized concentration (expressed in
sec/n 3). No credit is taken for vertical (z-direction) expansion in performing the normalized concentration integration.

Parameters for the MSLB DBA include the mass of liquid-steam mixture released, the timing of release, the temperature of
the liquid-steam mixture, and the iodine concentration in the release. These parameters are used to obtain the initial
conditions of the released steam puff. The Reference 5 methodology then establishes the puff's transit time, the normalized
concentration as a function of distance traveled in the downwind or "x" direction, and, finally, the time-integrated,
normalized centerline concentration.

CR Dose - For the licensing-basis CR dose calculation, the transport pathway is based upon direct release to the
environment. For completeness, a second transport pathway via the TGB is also considered (see Assumptions A-7 and A-8
for further discussion). The STARDOSE computer code [references 6 and 7] is used to determine the CR dose. A
STARDOSE LIBFILEI.TXT file was created with the Dose Equivalent (DE) 1-131 inventory for the Columbia MSLB using
the DE 1-131 coolant concentration from Reference 8 with consideration, also, of the potential for iodine spiking. A
STARDOSE INPUT.DAT file was also prepared to represent exposure to the CR operator equivalent to that provided by the
passing puff. This equivalency is provided by introducing into the CR at the start of the dose calculation the proper fraction
of the total DE 1-131 release, and then purging that DE 1-131 from the CR at the normal flow rate.

Off-site Dose - For the licensing-basis off-site dose calculation, the same DE I-13 1 source term as that used for the CR dose
calculation is used. It is conservatively assumed that the only transport pathway is a direct release to the environment. The
plume dilution effect due to buoyant rise is also conservatively neglected (see Assumption C-2 for further discussion).
Because of the simplicity of the off-site dose model, a manual calculation is employed.
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Purpose: The purpos&f this calculation is to perform radiation dose cal•ulations following a MSLB accident at Columbia. The dose
calculations will include the control room, the EAB, and the LPZ.

These calculations are being performed in accordance with References 3 and 4. The activity released in the MSLB accident is from
fission products dissolved in the coolant This activity is limited by Technical Specification to 0.2 gCi/g Dose-Equivalent (DE) 1-131
with a short-term allowance for iodine spiking to 4.0 gCi/g DE I-13 1. The activity concentration (Ci/m3) to which the CR is exposed
(and which must be applied to the dose calculation) is reduced as the plume is diluted by entrained air and expansion of the puff.
Although the puff would be buoyant, no credit is taken for buoyant rise. Table I presents the input parameters used in the
calculations.

Table 1. Design Input Parameters

Columbia Design Input Parameter Parameter Value Basis
Maximum time for MSIV closure 6 sec Reference II
Approx. volume of TGB 5.71E6 ftW Reference 11
Liquid release from MSLB 105,000 Ibm Reference 11
Steam release from MSLB 25,000 Ibm Reference 11
RCS pressure 1060 psia (552 F Reference 11

Panels A to TGB (N. end of tunnel) and D
Blowout panel locations for MSLB direct to environment (via B and C) (E. Reference 11

end of tunnel)
Distance from MSLB release point to 240 ft = 73 m Reference I1
normal CR intake for Panel D
Distance from MSLB release point to
normal CR intake for Panel A (via TGB) 200 f =61 m Reference 11
Plume transit velocity I Ms_ Reference II
Coolant iodine inventories 0.2 pCi/g DE 1-131 Reference 11

Iodine spiking factor 20 (increasing coolant activity to 4 tCi/g Reference 11

Radioactivity release rate to environment Instantaneous Reference 5
Vol. of CR 214,000 f___Reference 11
CR occupancy factor I Reference 11
CR normal, unfiltered makeup flow 1100 cfm Reference 11
CR Breathing Rate 3.5E-4 Reference 11
Chi/Q, EAB 1.81E-4 sec/ 3 Reference 11
Chi/Q, LPZ 4.95E-5 sec/in 3  Reference II
Dose Conversion Factor for 1-131 CEDE 32893 rem/Ci References 1,12

The various transport pathways, geometries, and puff/plume dilutions being considered in the main body of this calculation are
summarized in Table 2 below

Table 2. Summary of Cases

Dose Calculation Transport Pathway Geometry Plume Dilution
CR Direct to environment Instantaneous puff Air entrainment and

(primary case - used for release - Gaussian expansion during transit
licensing basis) distribution

CR Via TGB (secondary case Instantaneous puff Pre-dilution in TGB - air
for information - not for release - Gaussian entrainment and expansion
licensing basis) distribution during transit

Off-site Direct to environment Plume* Air entrainment and
I I expansion during transit

* The PAVAN code was used to calculate the off-site X /Q values.

ERAS Col
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Calculations of Radhtton Doses: The calculation of radiation doses f/rom a MSLB is divided into two main categories, the control
room dose and the off-site doses. The details of the calculation are given below:

I. Calculation of Control Room Doses: Calculations of the control room doses involve the calculation of the effective puff relative
concentration (X/Q), the source term (i.e; amount of activity released), and the development of a STARDOSE model to calculate the
radiation dose. In order to facilitate an acceptable calculation for the effective puff relative concentration (XQ), the following
assumptions and their justifications are introduced.

Assumption A-I

Justification

Assumption A-2

Justification

The main steam isolation valve (MSIV) closure time will not exceed 6 seconds. The release of steam resulting
from the MSLB (through blowout panels in the steam tunnel) is assumed to be instantaneous. The mass of
coolant released is the amount in the steam line and connecting lines at the time of the break plus the amount
passing through the MSIVs prior to closure.

The Columbia FSAR (Section 15.6.4.4, page 15.6-7 of Reference 9) states that the MSLB steam and liquid
discharge is based on MSIVs closing in 6 seconds. Since this is the basis for the current MSLB radiological
licensing evaluation, it is reasonable to assume that this is the maximum allowed closure time. This time
duration is small compared to the exposure time of interest for the CR, and in any event it is conservative to
assume instantaneous release.

The FSAR evaluation of mass released in the MSLB is based on the 6 second closure time and states that a
steam-water mixture flows from the break until the MSIV has closed.

The puff from the liquid-steam release (including the flashed steam) is released at ground-level with an initial
volume corresponding to standard atmospheric conditions. Activity within the puff becomes normally distributed
by dilution with air. No buoyancy is considered. The liquid (assumed to contain no residual activity - a very
conservative assumption) settles by gravity.

Since the iodine is in solution, and nearly all of it will tend to stay with the liquid, it is conservative to assume
that all of the iodine activity partitions with the steam and becomes airborne. For the most part, the released
liquid consists of large droplets from the blowdown that will settle quickly without complete evaporation.

The puff is allowed to entrain air and to expand slightly as it moves downwind. According to the Reference S
model, the integration of the normalized puff activity concentration as it crosses the CR air intake is performed
from x to +3a (where x is the distance from the release point to the receptor; i.e., the air intake, and "a" includes
the increase in a by expansion in the downwind direction over the distance x).

Assumption A-3

Justification

Assumption A-4

Justification

Assumtion A-S

Justification

Control room ventilation remains in normal mode. The normal air intake is the one used for analyzing
dispersion.

For the analysis, there is no "FAZ" signal credited to start emergency control room ventilation. No credit is
taken for operator actions. MSIV isolation actuates on high steam flow.

Control room ventilation intake flow is unfiltered. No consideration is needed of unfiltered inleakage in
calculating dispersion.

For the analysis ventilation remains in normal mode. No credit is taken for filtration at all.

The time required for the plume to transit to the CR air intake is based on the plume moving with a horizontal
velocity of I m/s. The local air intake is used as the basis for the transit time.

There are three CR intakes at Columbia. Two of these are remote, located away from the power block (400 feet
or more from the MSLB release location described in Assumption A-7). The third is the local intake which is
contiguous with the CR building (see Appendix A of Reference I1). This is the CR intake closest to the MSLB
release location; and thus, it is assumed that the plume translates directly to the local CR intake.

-

-
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Assurrtion A-6

Justification

Assumotion A-7

The steam-air mixture may be treated as a perfect gas.

The perfect gas assumption is applicable to low pressure, high temperature gases where there are
minimal interaction forces between gas molecules. The puff is at atmospheric pressure and high
temperature.

As noted in the CR Dose portion of the Methodology section, the primary release location
(transport pathway), and that upon which the final, licensing-basis results are based, Is direct
release to the environment. Release via the TGB (with brief confinement in the TGB) has also
been considered.

Justification Release directly to the environment is consistent with RG 1.183 which states that for MSLB. all
radioactivity in the released coolant should be assumed to be released to the atmosphere
instantaneously. This is also consistent with what would be expected for the MSLB at Columbia
based on the following.

Per Reference 10 and Reference 11. Appendix A. with the MSLB in the steam tunnel or tunnel
extension (located in the TGB), there are three blowout panels that are designed to vent to prevent
overpressurization. Panel A at the north end of the tunnel vents into the TGB. Panels B and C
vent to a vent-way which vents directly to the atmosphere via blow-out panel D. Thus, the release
will vent either directly to the atmosphere or into the TGB.

If the release occurs into the TGB, approximately 65,000 Ibm of hot steam will appear essentially
instantaneously into a volume of -5.7E6 ft3 (Reference 11). Based on the perfect gas law, such a
steam release would lead to a pressure increase of -5.4 psi within the TGB (based on an unmixed,
isothermal compression such that each component experiences the same fractional reduction In
volume but no increase In temperature - see Attachment 1). Thus for the TGB to remain Intact. it
would have to withstand a pressure of -5.4 psig. (Per Attachment 1, even a well-mixed model
results In a pressure of -3.7 psig). A fraction of this pressure (-1 psig) would be expected to
catastrophically fall the TGB siding; thus, the release into the TGB can be treated as a release
directly to the environment

Release via the TGB with brief confinement has also been considered and is discussed further in
Assumption A-8. This is not, however, considered appropriate for the licensing basis and Is
included only for completeness.

Assumrtion A-8

Justification

For release into the TGB, there are two possibilities to consider. One Is that the TGB fails such
that It, In effect, provides no confinement of the steam puff and the result Is similar to a release
directly to the environment This Is the primary release path and Is addressed by the release
directly to the atmosphere discussed in Assumption A-7. The other case is where the TGB tends
to briefly confine the puff, with release from the TGB at one or more specific failure locations. In
this latter case, it is assumed that the steam puff mixes with the air In the TGB prior to release from
the TGB.

The TGB Is about 5.7E6 f 3 in net free volume. Assuming for the moment that the TGB remains
largely intact and tends to briefly confine the steam release as it is vented through blowout Panel
A, the puff will mix rapidly with the air in the TGB by jet entrainment and density driven exchange.
Thus the release to the atmosphere from the TGB will be a mixture of air and steam. To account
for Isolated volumes in the TGB and displacement of TGB air at the time of venting Into the TGB,
the mixing is assumed to involve only 2/3 of the gross building volume. The 5.7E6 ft3 is the net
building volume allowing 20% for equipment and internal structures. Therefore, 2/3 of the gross
volume is 0.67*5.7E6*1.25 = 84% of the net TGB volume of 5.7E6 ft3; i.e., the mixture released
from the TGB is the steam volume plus approximately 84% of the TGB volume as air.

.

1i Calculation of CR Effective Puff Relative Concentration (tIQ): The Instantaneous Puff Release model described in
Reference 5 to determine the time-dependent dispersion of a non-rising, ground level, instantaneous puff release was used to
calculate the control room X/Q value. The details of calculating this relative concentration are given in the following steps:
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1.1.1 Calculation of IAtial Steam Volume: The initial volume of the j1uff is established by the amount of steam released by the
MSLB and by the flashing of entrained liquid. The calculation of this initial steam volume (and the DE 1-131 concentration) is the
first step of the calculation.

1.1.1.1 Evaluation of the Initial Conditions of Steam Release: Per Reference 9, the liquid-steam mixture is released over a period
of-6 seconds (assumed to be instantaneous per Assumption 1), 105,000 Ibm as liquid and 25,000 Ibm as steam, and the RCS pressure
is 1060 psia. The temperature of the liquid-steam mixture at the time of the release to ambient is the saturation temperature
corresponding to 1060 psia which is 552 F. Since the liquid is superheated at ambient pressure, some of this liquid will flash to steam.
Per Reference 5 and Assumption 2, the steam will form the puff, and the unflashed liquid will settle by gravity.

I.1.1.2 Determination of the liquid flashing fraction (f): The fraction of the released liquid that flashes into steam can be
determined from the following energy balance equation:

nh= rn=hn + n,~h1

where: m = initial liquid mass (Ibm)
h = initial liquid enthalpy (Btu/lbm)
ins = flashed steam mass (Ibm)
h = flashed steam enthalpy (Btu/Ibm)
ml = unflashed liquid mass (Ibm)
N = unflashed liquid enthalpy (Btu/Ibm)

and the unflashed liquid and flashed steam are at atmospheric pressure and saturation temperature corresponding to atmospheric
pressure (212 F).

The flashing fraction, ff is
ff= mgm = (mh -rnlh/m/h.

= (h - inh/m)/h,

Since
mn4m= (m- m.)/m= 1-ff

we have
ff= (h - (I-ff)h)/h.

Thus,
ff= (h -h/(hz-hD

Using the steam tables,
h(552 F) = 552 Btu/Ibm

hl(212 F) 180.2 Btu/lb

hg(212 F)= 1150.5 Btu/lb

Thus,
ff= (552 - 180.2)/(1150.5 - 180.2)

= 0.383

This means that 38.3% of the released liquid flashes into steam in addition to the 25,000 Ibm of coolant initially released as steam.

* me" DQ
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1.1.1.3 Mass of Liqui$lashed and Total Steam Mass: the mass of fashed steam is calculated by multiplying the flashing fraction
by the amount of the released liquid:

m. = 0.383 x 105,000 = 4.02E4 Ibm.
The total initial steam puff mass is the sum of the initial mass of released steam (25,000 Ibm) and the mass of steam flashed from the
liquid (4.02E4 Ibm):

The total steam mass (Ibm) = 25,000 Ibm + 4.02E4 Ibm = 6.52E4 Ibm

I.1.1.4 Volume of Steam: The initial volume of the steam puff is calculated as follows:

The weighted average temperature of the mixture of the steam released at 552 F and the steam flashed from the liquid at 212 F
is:

Tb = (4.02E4 x 212 +25000 x 552)/6.52E4 = 342 F = 802 R

Therefore, the initial volume of the plume (pure steam) is:

V = 6.52E4 Ibm/p1

where p. = 0.0311 Ibm/ft3 (super heated steam density at 802 R). Thus,

Initial puff volume = V = 2.1E6 ft3 = 5.95E4 m3  (1)

I.1.2 Calculation of the Effective Puff Relative Concentration:

The instantaneous Puff Release model described in RG 1.194 (Reference 5) has been used to evaluate the relative concentration (X/Q).
The activity release to the environment must occur over a period of no longer than about one minute for a release to qualify as a puff
release. The diffusion equation for an instantaneous puff ground level release, with no puff rise and no crosswind offset (i.e., the
center of puff is assumed to pass directly over control room intake), integrated over the duration of the puff passage is:

T 2 1( X_-U.t) 2  h2

X 1 ex - I ( (x ) + .) F(t)dt0 a. 1 3 2 2(,, x )+ q2 (r2 xk)+010 (x k +a2 2(2+G ,,

(x, u, k, h) = - T (2)
oF(t)dt

where:
X = Integrated concentration at control room intake, Ci-m3 /sec
Q = Release quantity, for nuclide, Ci
x = Release point to receptor distance, n. The distance from the blowout panels to the local CR intake is 200 ft (-61

m).
u = Wind speed, m/sec. Per RG 1.194 the wind speed is assumed to be I misec
k = Stability Class. Per RG 1.194 stability class F will be used.
h = Difference in elevation between the physical release point and the control room intake, m. If the control room

intakes is at a higher elevation than the release point and the puff is buoyant, assume h = 0.
T = Transit time - time for trailing edge of puff to pass control room intake, sec. Per RG 1.194, the following formula

should be used to calculate the transient time:

x+ 3.1(ar,(xk)+ a. )]
u(3)
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F = &Zntrol room total intake flow rate, cfm. (If the codtrol room intake flow rate is constant over the period 0 to T
seconds, the F(t) terms can be ornitted), since at Columbia the CR intake flow rate is not a function of time, F(t)
in the numerator and denominator will cancel each other.

aY,(xk) = Standard deviation, m, of the puff in the horizontal along the wind direction and cross-wind directions at the
receptor location. Figure 4 in Reference 5 is used with the distance to the receptor and the stability class to
determine a,, at the receptor.

For a distance x = 61 m and stability class F, the value of ay(xk), obtained from Figure 4 in Reference 5, is:

cy(x,k) = 2.9 M.

c,.(x,k) = Standard deviation, nn, of the puff in the vertical cross-wind direction at the receptor location. Figure 5 in
Reference 5 may be used with the distance to the receptor and the stability class to determine c, at the receptor;
but in this case, expansion in the z direction is conservatively neglected.

ax = Per RG 1. 194, the initial standard deviation, mn, is given by the following formula:

as=2.V(4
a, 3 (4)

(2ir) 2

But per equation (1) above, V=5.95E4 zn3 , hence,

r,= 19.62 m

The transient time, T, can now be calculated by introducing the values of x, u, a, , and ca(x,k) into equation (3), the result is:

T = 128.6 seconds.

In order to simplify the integral in equation (2) above, the following constants are defined:

A =2 = 1.65E-5 m3 (5)
3

(a2 (X, k)+ ab2 2 (2jr)2 ( ao2(x,k) + 2

B= 2 = 1.27E-3m 2  (6)
(,(x,k)+ oj2 )

C=X (7)

D=u (8)

Introducing the definitions in equations (5) through (8) into equation (2) and multiplying the right-hand side of the equation by

-F; .2-) . the equation becomes:
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X/Q = (1 ) J JB dt (9)

Furthermore, we need to introduce the following definitions:

E = B"2 = 0.0356 m7' (10)

F = EC =2.17 (11)

G = ED =0.0356 sec 1  (12)

v =F-Gt (13)

Introducing equations (10) through (13) into equation (9) yields the following equation:

Q (Af2+-J dv (14)

Equation (14) represents the definition of the error function, (erf), which has the following solution:

X/Q= (a)fl1; Be V dv = (_ V')erf(v(T)) - erf(v(O))] (15)

where erf(O = (2/c"2)Z:{(-l)Yv('t)/[k!(2k+l)]) summed from k = 0 to infinity. Tables of the error function are readily available.

For t = T = 128.6 sec, erf(v) = erf(F-GT) = erf(F-G(128.6)) = erf(2.17-(0.0356)(128.6)) = erf(2.17-4.58) = erf(-2AI)
For t = 0 sec. erf($) = erf(F-Gt) = erf(F-G(0)) = erf(2.17).

Tables for er( t) typically extend to v= 2 which give erf(2) = 0.995322 by using the first 18 terms of the error function expansion, (it
has the value of 1.0 at infinity). Therefore, in order to obtain accurate values of the error function at v= -2.41 and v= 2.17, the first
25 terms of the series function were used, therefore:

erf(-2.41) = -0.999346 and erf(2.17) = 0.997851

The term [erf(qT))-erf(t<0))] in equation (15) can now be evaluated as follows

[erf( KT))-erfl {0))] = [(-0.999346)-(0.997851)] = -1.997 (16)

The second part of equation (15) is evaluated as follows:

-Ain"2/2G = -(1.65E-5X1.77)/2/0.0356 = -4.1OE-4 sec/n 3. (17)

Multiplying equation (16) by (17) gives the X/Q value:

X/Q = (-4.1 OE-4X-1.997) = 8.19E-04 sec/M3

Multiplying this value by the intake flowrate of 1100 cfin = 0.520 m3/sec, one obtains the fraction of the release, FCM, that enters the
CR This fraction is:
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V /(
In the above analysis the assumption was made that the steam is directly released to the atmosphere via the blowout panel D. If one
assumes that the steam release mixes with 2/3 of the TGB gross volume prior to being released to the environment, the puff will
become larger and more dilute. Although the puff is more dilute, the exposure time will also become greater. It is expected that the
dilution (which increases with the volume of the puff) will have a more significant effect than the extended exposure time (which
increases only with the linear dimension of the puff). Therefore, one would expect the fraction of the release which enters the CR to
decrease. The following evaluation confirms that expectation. Assume that brief holdup and mixing occurs in the TGB as noted in
Assumption A-8; i.e., assume that the vented steam mixes with the TGB air prior to release from the TGB itself. Thus, the release via
the TGB is pre-diluted (see "Methodology"). As noted in the Methodology section and discussed in Assumption A-7, this transport
pathway evaluation is provided for completeness and is not considered appropriate for use in the licensing basis.

The puff volume was calculated as follows. Per Assumption A-8, the steam mixes with 84% of the air in the TGB volume; i.e.,
5.95E+04 in3 (steam) + 0.84 * 5.7E+06 ft3 (TGB volume) / 35.3 ft3/m3 = 5.95E+04 rr3 + 1.36E+05 rn3 = 1.96E+O5 n3.

Applying this volume to equation (4), the a, increases by the ratio (I.96E+05/5.95E+04)1' = 1.49. The corresponding values of A
and B become (from equations (5) and (6)) 5.03E-06 m3 and 5.79E-04 mr2, respectively. Observing that equation (16) is already -
1.997 and cannot be greater than -2 (absolute value), it is evident that the X/Q for the greater volume will vary as A/G from equation
(15). Since G = ED (equation (12)) and E = B'1 (equation (10)), and since D = u (equation (8)) = 1.0 mfsec, A/G = 2.09E-04 sec/n 3

for the TGB mixing case compared to 4.63E-04 sec/i 3 for the direct release to the atmosphere. This means that the fraction of the
activity which enters the CR for the TGB mixing case will be:

Fca (TGB mixing case) = 0.0426% x (2.09E-04/4.63E-04) = 0.0192%.

The CR dose for the case with mixing of the steam puff with the TGB air prior to release to the environment will be 0.45 times that of
the case for the pure steam puff released directly to the atmosphere.

1.2 Calculation of the Source Term: The following assumption is applicable to the source term calculations:

Assumption B-I The fission product inventory available for release is based on the reactor coolant DE I-131 concentration which is
allowed by the Columbia Technical Specifications. To account for iodine spiking, the equilibrium level of DE I- 131
is increased by a factor of 20.

Justification Per Section 15.6.4.5 of Reference 9, the only activity available for release from the MSLB is that present in the
reactor coolant and steam lines prior to the break. This is consistent with the Technical Specifications as stated in
Section 15.6.4.5 of Reference 9. Consistency with the current licensing basis is also maintained by the position that
only the reactor coolant liquid contains the iodine. However, consistent with Reference 2, an increase by a factor of
20 will be included to take into account iodine spiking. This differs from the current analysis presented in Section
15.6.4.5 of Reference 9.

Based on Assumption B-1, the curie inventory of DE I-131 released in the MSLB is the product of the Technical Specification
coolant activity concentration and the coolant liquid release from the break (105,000 Ibm). Thus the coolant fission product inventory
in Ci may be calculated as activity in piCi/gm x 105,000 Ibm x 454 gm/lbm /1E6 pCi/Ci. Per Assumption B-1, the DE 1-131
concentration (0.2 pCi/gm, as specified the Technical Specifications) is used in the calculation.

While it is true that a small amount of iodine may normally partition with the steam, the assumption that only the liquid coolant
contains the iodine initially is more than compensated for by the iodine treatment in the dose calculation. In the dose calculation, it is
assumed that all of the iodine contained in the liquid coolant (even the portion that does not flash) is added to the steam release puff.

As noted in Assumption B-l, there is a point of departure in this calculation relative to that reported in the FSAR, and that is the issue
of iodine spiking. RG 1.183 (Reference 2) requires that iodine spiking be considered for analysis of MSLB dose at a value 20 times
greater than the 0.2 pCi/gm value used for Section 15.6.4.5 of Reference 9. While the off-site dose limits from Reference 2 for
MSLB without iodine spiking are a factor of 10 lower than the corresponding limits with spiking, the factor of 20 increase in activity
outweighs the more favorable off-site dose limits by a factor of two. Moreover, for the CR dose, the limit for both cases is the same.
Therefore, it is clear that the case with spiking is more limiting than the case without spiking,
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and the spiking case ile only case explicitly analyzed. However, for completeness, both sets of results are presented (the spiking
case doses are divided by a factor of 20 to obtain the non-spiking case results). The Technical Specification DE 1-131 concentration
multiplied by a factor of 20 (equivalent to 4 gCi/gm) is used for the spiking case.

1.3 Development of the STARDOSE model: The following assumptions are applicable to the STARDOSE model:

AssurMntion B-2 The fission product release and other input parameters in STARDOSE are determined such that the amount of
activity introduced into the CR (essentially instantaneously) is equal to the product of the time-integrated,
normalized activity concentration (from the Reference 5 puff model, in sec/n 3 ), the activity released (Ci of DE I-
13 1), and the volumetric flow of normal CR makeup (in m3 /sec). This activity is assumed to be instantaneously
well-mixed within the CR volume.

If the STARDOSE integrated activity introduced into the CR is equal to the actual time-integrated activity
concentration (which results from the MSLB "puff' passing over the CR air intake) times the normal makeup rate,
then the CR operators will be exposed to the correct source term. It is slightly conservative to introduce that
amount of activity immediately, rather than over the two minute+ duration of the puff passage.

Justification

Assumption B-3 For the CR MSLB dose calculation, no credit is taken for isolation and filtration of CR supply air.

Justification The normal makeup is assumed to continue for the duration of the accident. No credit is taken for a more rapid CR
purge once the outside air concentration falls below that of the CR atmosphere.

The purpose of this subsection is to determine the STARDOSE model for fission product release which will provide a release
equivalent to that from the diluted puff in terms of STARDOSE inputs. The results of this subsection are then used in the subsequent
subsection to define the STARDOSE input file.

1.3.1 Activity Release: The STARDOSE fission product release is determined based on Assumption B-2 and is illustrated in Figure
1, page 4.000.

The DE 1-131 total activity release is 4 pCi/gm x 105,000 Ibm x 454 gm/Ibm /1E6 ptCi/Ci = 191 Ci. The LIBFILEI.TXT file for
STARDOSE (Appendix A) has the inventory set at 4E-6 Ci the coolant activity per gram obtained by dividing the total activity
released (191 Ci) by the mass of liquid released (4.767E7 g). By design, the STARDOSE code expects inventories to be in Ci/MWt
To obtain the DE 1-131 activity in the 105,000 Ibm of coolant, the "power level" in the STARDOSE INPUT.DAT file must be set to
4.767E7, the number of grams of liquid coolant released.

The 0.0426% release (calculated above) to the CR is assumed to occur over six seconds (the steam release duration); therefore, the
percent release per second is 0.0426% / 6 = 0.00710/o/sec, and the percent release per hour is 0.0071%/o/sec x 3600 sec/br = 25.6%/hr
(or a fractional release rate per hour = 0.256). This results in a fractional release to the CR of 0.256 /hr x 6 sec /3600 sec/br =
0.0426%, which is the fraction previously calculated in the 1.1.2. The activity is then removed from the CR by being purged at the
same rate of 100 cfm as is assumed for the supply flowrate.

13.2 Control Room Model: The STARDOSE input file (INPUT.DAT) is presented in Appendix B. In this model, the CR control
volume is set at 214,000 ft3. The core control volume is as described above. Only two junctions are used: one from the core to the
CR and one from the CR to the environment. No credit is taken for the CREF.

Dose conversion factors (which appear in the LIBFILEI.TXT file in Appendix A) are based on the default FGR 11 & 12 files in
Reference 12 (consistent with the recommendations in References I and 2).

1.4 CR Dose Results and Conclusions: The STARDOSE-calculated doses include the effect of iodine spiking. To obtain "no
spicing" doses, the "spiking included" iodine dose results were reduced by a factor of 20. It should be noted that neither filtered
intake flow nor use of the remote intake(s) is credited in these results.

The results are summarized in Table 3 below.
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Table 3. Control Room Dose From Direct Release to the Atmosphere

Whole Body CEDE TEDE Reg Limit (TEDE)
Dose without iodine spiking (rem) 2.83E-05 I 8.95E-02 I 8.95E-02 I5
Dose with iodine spiking (rem) 5.65E-04 1.79 1.79 5

This licensing-basis case can be confirmed by recognizing that (1) without filtration credit and (2) with a constant CR intake flow and
exhaust rate, the normalized, time-integrated exposure within the control room would be the same as that at the CR air intake; i.e
8.19E-04 sec/m3. If this value is multiplied by the 191 Ci DE I-131 released and by the breathing rate inside the CR (3.5E-04 m3/sec),
the result is the DE 1-131 Ci inhaled (ie., 5.5E-05 Ci). Since the CEDE dose conversion factor (approximately the same as the TEDE
dose conversion factor since the whole body dose contribution is so small) for I-131 is 32893 rem/Ci inhaled, the corresponding dose
would be 1.8 rem TEDE calculated as follows:

Inhaled Activity (Ci) = X/Q (sec/n 3) x Q (Ci) x Breathing Rate (m3 /sec)
= 8.19E-4 x 191 x 3.5E-4
= 5.5E-5 Ci

Dose (rem) = Inhaled Activity (Ci) x DCF (rem/Ci)
= 5.5E-5 x 32,893
= 1.8 rem

This confirms the STARDOSE calculation.

The above confirmation also provides a simple means of estimating the effect of reducing the intake flow/exhaust rate once activity
has been brought into the CR at 1100 cfm. Since the activity decreases in the CR according to e-A' (where X is the fractional exhaust
rate of the CR; i.e., 1100 cfm/214,000 ft? = 5.14E-03 /nin) and since the integral to t = infinity for that expression is simply l/A (i.e.,
194.5 minutes or 11,670 seconds), the normalized, time-integrated exposure within the CR is 11,670 seconds divided by the CR
volume of 214,000 ft3 or 6064 m . The result is 1.92 sec/n 3. Recalling that 0.000426 x 191 Ci DE 1-131 were brought into the CR
(i.e., 0.081 Ci), the time-integrated exposure is 1.92 sec/n 3 x 0.081 Ci = 0.156 Ci-sec/m3. Mulitplying this value by the breathing rate
of 3.5E-04 m3/sec, one obtains the same 5.5E-05 Ci inhaled as in the previous paragraph. This means that the integrated exposure
will increase inversely with the exhaust rate after the 0.081 Ci DE 1-131 has been introduced. Therefore, if the intake/exhaust rate
were 1100 cfzn during the passage of the puff but were then reduced to 800 cfm, the CR dose would increase from 1.8 rem TEDE to
1100/800 x 1.8 rem TEDE = 2.5 rem TEDE.

The conclusion from these results is that the MSLB CR doses are below the 5.0 rem TEDE regulatory limit for control room operator
exposure given in Reference 2 for BWR MSLB.

For the sensitivity case of pre-mixing the steam with 84% of the air in the TGB, the above doses have been reduced by a 0.45
multiplier; the results are presented in Table 4 below:

Table 4. Control Room Dose, Release Via TGB, Mixing w/ TGB Air

Whole Body CEDE TEDE Reg Limit (TEDE)
Dose without iodine spiking (rem)I 1.27E-05 t 4.03E-02 I 4.03E-02 5 1
Dose with iodine spiking (rem) 2.54E-04 0.81 1 0.81 5 5

Even though these results in Table 4 have been compared to the regulatory limits, these are not considered licensing-basis results.
They show only that the assumption of a steam-only puff (direct release to the environment rather than mixing with TGB air) is the
limiting case (i.e., that any pre-dilution will reduce the dose even though the exposure duration may become longer).
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II. Off-site Dose CaWlation: Off-site doses include the Exclusion Area Boundary (EAB), and the Low Population Zone (LPZ). The
following assumptions apply to the off-site dose calculations:

Assumption C-I Same as Assumption B-1

Assumption C-2 Offsite dose assumes a direct unfiltered release to the environment; but because of the greater distances to the
Exclusion Area Boundary (EAB) and Low Population Zone (LPZ) boundary, the dispersed release is assumed to
be a continuous plume, modeled with PAVAN, rather than a puff. As with the onsite (CR) dispersion, plume
dilution due to buoyancy is not considered.

Justification This is based on the current licensing basis which assumes a direct unfiltered release to the environment with
plume dispersion.

1.l Dose Calculations: The following expression has been used to calculate the off-site doses:

Dose (rem) = Activity Release (Ci) x X/Q (sec/m3) x Breathing Rate (m3/sec) x Dose Conversion Factor (rem/Ci)

The activity release (from the CR dose calculation above) is 191 Ci DE 1-131. The X/Q is 1.81E.4 sec/m3 for the EAB and 4.95E-S
secd 3 for the LPZ. The breathing rate is 3.5E-4 m3/sec. The 1-131 CEDE DCF (from the CR dose calculation) is 32893 rern/Ci
inhaled, and this is approximately the same for TEDE (because the whole body dose is negligible). Therefore, the doses are as
follows:

Dose (EAB) = 191 Ci x 1.8 1E-4 sec/m3 x 3.5E-4 m3/sec x 32893 rem/Ci = 0.398 rem TEDE

Dose (LPZ) = 191 Ci x 4.95E-5 sec/n 3 x 3.5E-4 m3/sec x 32893 rern/Ci = 0.109 rem TEDE

11.2 Offsite Dose Results and Conclusions: The dose results for MSLB with spiking considered are 0.398 rem TEDE for the EAB
and 0.109 rem TEDE for the LPZ.

The conclusion from these results is that the MSLB offsite doses with spiking considered are well below the 25 rem TEDE regulatory
limit from Reference 2 for BWR MSLB and spiking. In fact, these results are less than the 2.5 rem TEDE regulatory limit for BWR
MSLB without spiking. Clearly, the Columbia MSLB is not of concern for offsite dose.

It is noted that the results from this calculation are consistent with the assumptions and inputs from Appendix D of RG 1.183
(Reference 2). This is evident from the following:

* The iodine concentration (with spiking) corresponds to 4.0 gCVg DE 1-131 in the reactor liquid coolant.
• The activity released from the fuel is assumed to mix homogeneously in the reactor coolant and is assumed to enter the steam

phase instantaneously.
* Per Assumption A-1, the MSIV closure time (6 seconds) is assumed to be the maximum allowed time.
* Per Assumption A-1, total mass of coolant released is the amount in the steam line and connecting lines at the time of the break

plus the amount that passes through the valves prior to closure. The steam release is equal to the sum of(1) the steam in the
steam lines and connecting lines at the time of the break, (2) the steam which passes through the valves prior to closure, and (3)
the steam which flashes from the liquid coolant which passes through the valves prior to closure.

* All radioactivity in the released liquid coolant is assumed to be released to the atmosphere instantaneously (Assumption A-1).
* All radioactivity in the released coolant is assumed to be released as a ground-level release (Assumption A-2).
* No credit is taken for plateout, holdup, or dilution within facility buildings for the primary license basis case (Assumption A-

7).
* All iodine is assumed to partition with the gas (Assumption A-2) during the flashing of the liquid coolant which is very

conservative relative to what would occur with the Reference 2, Appendix D, paragraph 4.4 specification. In reality, the bulk
of the iodine would be expected to remain with the unflashed liquid coolant
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\J Calculation of Pressre in the TGB

1- First consider the air in the TGB before the steam is added:

PI VI = nI R Ti
P1=1 atm = 14.7 psi
VI=5.7E+6 ft3 = 1.617E+l1 cm3 = vol of TGB
R = 82.06 (atmcm3)/(mol.K)
TI = 25 C = 298 K = standered room temp.

nI = 6.61E+6 moles of air exist in the TGB before the steam is added.

2- Consider the steam released:

mass of steam = 65,000 Ibm = 2.95E+7 g = (2.95E+6 g)/(i8 g/mole) = 1.64E+6 moles

3- Adding steam to the air in the TGB will result in a total number of moles of n2

n2 = Total no. of moles in the TGB = moles of air + moles of steam
n2 = 6.61E+6 + 1.64E=6 = 8.25E+6 moles

4- Average temperature of the air-steam mixture

Temp of steam = 342 F = 172 C = 445 K from MSLB calc, sec 1.1.1IA
Temp of air in TGB = 25 C =298 K

T2 = [(6.61E+6 * 298 ) + (1.64E+6 * 445)y8.25E+6
T2 = 327 K

5- Now applying the ideal gas law to the mixture

P2 v2 = n2 R T2
V2 = VI = 5.7E+6 ft3 = 1.617E+l I cm3 = volume of TGB
R = 82.06 (atmcm3)/(mol.K)
T7 = 327 K from step 4 above

P2 = 1.25 atm the 0.25 atm = 3.67 psi ( i.e; 0.25 * 14.7 psi/atm = 3.67 psi)

In fact, in the first two seconds of the puff injection into the TGB, there will be minimum mixing between the steam and the air in the
TGB, this means that the steam plume will compress the air in the TGB and the air will compress the steam causing the initial pressure
in the TGB to be even higher than the 3.67 psi calculated above using full mixing. The pressure of this isothermal compression of the
two gases can be calculated as follows:

P1 VI =P2 V2
PI = 14.7 psi (initial pressure in the TGB before steam injection)
VI = 5.7E+6 ft3 + 1.61E+6 ft3 = 7.3E+6 ft3 (Volume of the TGB + volume of puff before entering the TGB)
P2 = presuure in the TGB after the injection of the steam
V2 = volume of the TGB which will contain both gases (the two gases will be compressed in this volume)

P2=PI ViN2
P2 = (14.7)(2.IE+6 + 5.7E+6)/(5.7E+6)

P2 =20.1 psi
P2 - PI = 20.1 - 14.7 = 5.4 psi is the pressure added to the TGB upon the injection of the steam before it mixes with air.
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LIBFILEI.TXT File for STARDOSE MSLB Run
fli8Otopes 3 n isotope groups 11

11310rg Org_1 NONE
I13lElem ElmI NONE
I131Part Prt I NONE

NONE

NONE
NONE

4e-6

4e-6
4e-6

9.96E-07
9.96E-07
9.96E-07

1.080E+06

1. 08OB+06
1.080E+06

6.734E-02

6.734R-02

6.734E-02

0

0
0

0

0
0

0.03 32893
0.03 32893
0.03 32893

0.13

0.13
0.13

0

0
0

0 0 0 0
0 0 0 0
0 0 0 0
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BAR

STARDOSE INPUT.DAT File

edit time
0.0 24 720
endedittime

participating isotopes
1131 Org 1131 Elem 1131 Part
endparticipatingisotopes

core
thermal_power 4.
elementaliodinefrac 0.
organic iodine_frac 0.
particulate_iodinefrac 0.
releasefrac
tocontrolvolume Control-Room
Time NGas lGrp
0.00167 0 0.256
720 0 0
end tocontrol volume
end_release_frac
end core

.767e+007
.0485
.0015
.95

CsGrp
0
0

TeGrp
0
0

BaGrp
0
0

NMtls
0
0

CeGrp
0
0

LaGrp
0
0

SrGrp
0
0

controlvolume
objtype
name
air volume
water volume
surfacearea
has recirc-filter
breathingrate
Time(hr) Value(cms)
720 0.00035
end.breathingrate
occupancy factor
Time(hr) Value(frac)
24 1
96 0.6
720 0.4
endoccupancy factor
end controlvolume

OBJ CR
ControlRoom

' 2.14e+005
0
0

false

junction
junctiontype
downstreamlocation
upstream
downstream
hasfilter
flow-rate
Time (hr) Value
720 1

AIR_JJNCTION
AIRSPACE
Core
ControlRoom
false

(cfm)

I

18894 rM
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K) ,1 REV.
BAR

endflowrate
endjunction

junction
junctiontype AIR JU
downstreamlocation AIRSF
upstream Control
downstream environi
hasfilter false
flowrate
Time(hr) Value(cfm)
720 1100
endflowrate
X_over_Q_4_ctrlroom
Time(hr) Value(slm*3)
720 0
end X overQ_4_ctrl room
X-over_0_4 site boundary
Time(hr) Value(sIm*3)
720 0
end_X_overQ_4_siteboundary
X_over_Q_4_loww_populationzone
Time(hr) Value(s/m*3)
720 0
end_X_over_Q....4jlow_population zone
endjunction

INCTION
PACE
IRoom
ment

environment
breathingrate sb
Time (hr) Value (cms)
8 0.00035
720 0.0
endbreathingjratesb
breathingrate Ipz
rime (hr) Value (cms)
8 0.00035
24 0.00018
720 0.00023
endbreathingrate lpz
endenvironment

- -

18694 R3
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Prepared by I Date- 6 17 o4 Verified bylDate: f 5 , p Revision No. 0

(

STARDOSE RESULTS.OUT Excerpts

edit time 720.000000
ControlRoom

Total dose:
Noble gas
Org iodine
Elem iodine
Part iodine
Cesium
Tellurium
Barium
Noble metal
Lanthanides
Cerium
Strontinum

thyroid
5. 87E+001
0.OOE+000
8. 81E-002
2.85E+000
5.58E+001
0. 0OE+000
0. OOE+000
0.OOE+000
0.OOE+000
0.OOE+000
0. OOE+000
0. OOE+000

wbody
5.65E-004
0. OOE+000
8.47E-007
2.74E-005
5.37E-004
0.OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0.OOE+000
0.OOE+000

skin
4.66E-003
0.OOE+000
6.99E-006
2.26E-004
4.43E-003
0. OOE+000
0.OOE+000
0.OOE+000
0.OOE+000
0. OOE+000
O.OOE+000
0. OOE+000

CEDE
1.79E+000
0.OOE+000
2.68E-003
8.68E-002
1.70E+000
0.OOE+000
0.OOE+000
O.OOE+000
0. OOE+000
0.OOE+000
0.OOE+000
0.OOE+000

I1313 rq
113IElem
113lPart

air space waterpool
6.41E-097 O.OOE+000
4.33E-096 O.OOE+000
3.89E-094 O.OOE+000

surface recirc
O.OOE+000 O.OOE+000
O.OOE+000 O.OOE+000
O.OOE+000 O.OOE+000

thyroid wbody
8.81E-002 8.47E-007
2.85E+000 2.74E-005
5.58E+001 5.37E-004

skin
6.99E-006
2.26E-004
4.43E-003

CEDE
2.68E-003
8.68E-002
1.70E+000

STARDOSE 1.01 (c) 1996-2002 Polestar Applied Technology, Inc.
Thu Apr 01 09:38:21 2004

18694 R3
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6~11,1 DUREV.
BAR

Purpose and Approach:

The purpose of this appendix is to provide an analysis of the Columbia MSLB using RADTRAD to check the main
calculation. In this case, RADTRAD 3.02a has been used - it is expected that the results would be essentially
the same for RADTRAD 3.03. Refer to the RADTRAD documentation (NUREGICR-6604, main body Reference
12, and supplements) for a discussion of the relationship between RADTRAD 3.02a and 3.03.

In the main body of the calculation, the case with spiking was shown to release 191 Ci of dose-equivalent (DE) I-
131. The puff X/Q was calculated to be 8.19E-4 secrm . Finally, the transit time for the puff was calculated to be
127.6 seconds The effective volume dilution rate of the puff may be calculated from the inverse of the X/Q; i.e.,
1/8.19E-4 m3/sec = 1221 m3/sec. The total volume dilution is the product of the effective volume dilution rate and
transit time for the puff = 1221 m3/sec x 127.6 sec = 1.558E5 m3. The average puff concentration during its
transit across the control room air intake may be calculated from this volume. With the known air intake rate and
the known transit time, the RADTRAD analysis may be set up.

RADTRAD Analysis Calculation

The RADTRAD default input files for the iodine inventory and dose conversion factors (i.e., c: \program
files\u s nuclear regulatory commission\radtrad 3.02a\defaults\bwril31.nif, and
c:\program files\u s nuclear regulatory commission\radtrad
3.02a\defaults\fgrll&12.inp, respectively) were used. The default .nif file provides an iodine inventory
per MWt of 0.2581E+05 Ci. Therefore, to release 191 Ci the .rtf file must be set up to release a fraction equal to
191/2.581E4 = 7.4E-3 as long as the power level is input as one MWL This is the case, as seen in excerpts from
the output file provided as Appendix D1 (these values are 'boxed' so as to stand out in the input summary).

In RADTRAD, three compartments are used (see Appendix D1). The 191 Ci of DE 1-131 are released to a
*Plume" control volume with a volume of 5.5E6 ft3 (same as 1.558E5 m3) so that the correct average DE 1-131
concentration is established. The control room air supply of 1100 cfm draws on this "Plume" control volume for
127.6 seconds (0.0354 hours) so that the correct amount of activity enters the control room. The control room
volume is 214000 if3, as in the main calculation. The control room exhausts to the environment indefinitely at the
same 1100 cfm rate. With a turnover rate of about 0.005 volumes per minute, the activity is cleared from the
control room in about 3 x 1/0.005 minutes = 600 minutes = 10 hours. The problem is run for 24 hours.

The 191 Ci of DE-131 is also released from the "plume" to the environment at a rate of 1.44E5 %/day = 100% per
minute. However, the release to the environment from the "Plume" control volume is kept at zero until 127.6
seconds (0.0354 hours) so that the control room dose is not affected. Because of the relatively long half-life of I-
131, this delay has no effect on the dose calculation. The EAB dose X/Q is 1.81E-4 sec/M 3 , the same value as in
the main body of the calculation.

Results

The results are shown at the end of Appendix D-1. The doses are summarized as follows:

CR EAB
Time Thyroid TEDE Thyroid TEDE
(hr) (rem) (rem) (rem) (rem)
24.000 5.8236E+01 1.7736E+00 1.3068E+01 4.0017E-01

Conclusions

These doses agree well with the STARDOSE values of 1.79 rem TEDE for the control room and 0.398 rem TEDE
for the EAB presented in the main body of the calculation. The RADTRAD analysis confirms the STARDOSE
analysis.
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Prepared by / Date: \6+ Verfied by/Date: R Revision No ' y At_efe by/ MO Y. ReiinN. A A

##

RADTRAD Version 3.02a run on 6/02/2004 at 8:38:43

REV.
BAR

File information

Plant file name = C:\Program Files\U
Commission\Radtrad 3.02a\Columbia MSLB.psf
Inventory file name = c:\program files\u

commission\radtrad 3.02a\defaults\bwril31.nif
Scenario file name = C:\Program Files\U

Commission\Radtrad 3.02a\Columbia MSLB.psf
Release file name = c:\program files\u

commission\radtrad 3.02a\columbiamslb.rft
Dose conversion file name = c:\program files\u

commission\radtrad 3.02a\defaults\fgrll&12.inp

S Nuclear Regulatory

s nuclear regulatory

S Nuclear Regulatory

s nuclear regulatory

s nuclear regulatory

##It

til ####* ### 1
#t # # #

* # #####
#t # #I

#I #t
tilt ti#t

#it
# #

tilt #

# it # It#
# ## t#
# # it It#
* # ##* #
#i # It

#t
tilt#

I
i
I
I
I
I

It
t
I
*
I
I

thu
It
*
I
It
*
I# tilt

Radtrad 3.02 1/5/2000
ColumbiaMSLB
Nuclide Inventory File:
c:\program files\u s nuclear regulatory commission\radtrad

3.02a\defaults\bwr il31.nif
Plant Power Level:

11.0000E+OO
Compartments:

3
Compartment 1:
Plume

3
5.5000E+06
0
0
0
0
0

Compartment 2:
CR

1
2.1400E+05

d
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Prepared by I Date: C". q6f Verified bylDate: (? y/I/DV Revision No. I I V&hl

REV.
BAR

0
0
0
0

Compartment 3:
E
2

0. OQOOE+00
0
0
0
0
0

Pathways:
3

Pathway 1:
Plume to CR

1
2
1

Pathway 2:
Plume to E
1
3
4

Pathway 3:
CR to E
2
3
1

End of Plant Model File
Scenario Description Name:

Plant Model Filename:

Source Term:
1
1 1.OOOOE+00

c:\program files\u s nuclear regulatory commission\radtrad
3. 02a\defaults\fgrll&12 .inp
c:\program files\u s nuclear regulatory commission\radtrad 3.02a\columnbia-mslb.rft

0.OOOOE+O0
0
9.5000E-01 4.8500E-02 1.5000E-03 1.OOOOE+00

Overlying Pool:
0
0.OOOOE+00
0
0
0
0

Compartments:
3
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ENERGY
peNORTHWEST

Peoplel * Vision * Solutions

Appendix D1 - Excerpts from
RADTRAD Output for MSLB

Page No.
D1-3

Cont'd on page
D1-4

Calculation No. NE-02-04-06

Prepared by I Date: 4 Verified by/Date: .7 /Xe,,,A t8 Revision No. e,8 I h

K) REV.
BAR

Compartment 1:
0
1
0
0
0
0
0
0
0

Compartment 2:
0
1
0
0
0
0
0
0
0

Compartment 3:
0
1
0
0
0
0
0
0
0

Pathways:
3

Pathway 1:
0
0
1
3
O.OOOOE+00
3.5400E-02
2.4000E+01
1
3
O.OOOOE+00
3.5400E-02
2.4000E+01
1
3
O.OOOOE+00
3.5400E-02
2.4000E+01
0
0
0
0

1.OOOOE+00
1.OOOOE+00
1.OOOOE+00

1. 1000E+03
O.OOOOE+00
O.OOOOE+00

1.OOOOE+00
1.OOOOE+00
1.OOOOE+00

1.0000E+00
1. 0000E+00
1. OOQOE+00

1. 1000E+03
O.OOOOE+00
O.OOOOE+00

1. 1000E+03
O.OOOOE+00
O.OOOOE+00
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People- Vision- Solutions RADTRAD Output for MSLB Calculation No. NE-02-04-06 A
Prepared by / Date)\tdZ\ </N ql Verified byl~ate: jI Revision No. e ., A> r)

K

REV.
BAR

0
0
0

Pathway 2:
0
0
0
0
0
0
0
0
0
0
1
3
O.OOOOE+00
3.5400E-02
2.4000E+01
0

Pathway 3:
0
0
1

O.OOOOE+00
1.4400E+05
O.OOOOE+00

2
O.OOOOE+00
2. 4000E+01
1
2
O.OOOOE+00
2. 4000E+01
1
2
O.OOOOE+00
2.4000E+01
0
0
0
0
0
0
0

1.OOOOE+00
1.OOOOE+00

1.OOOOE+00
1.OOOOE+00

1. 1000E+03
O.OOOOE+00

1. 1000E+03
O.OOOOE+00

1.OOOOE+00
1.OOOOE+00

1.1000E+03
O.OOOOE+00

Dose Locations:
2

Location 1:
CR

2
0
1
2
O.OOOOE+00
2.4000E+01
1
2

3.5000E-04
O.OOOOE+00
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People Vision-Solutions RADTRAD Output for MSLB Calculation No. NE-02-04-06

Prepared by/ Date: Verified by/Date: (j|.S Revision No. I
/ate *j _%j'Dj6 Veife byDae . .- ./ t i)0I",IV

o.OOOOE+00
2.4000E+01

Location 2:
EAB

3
1
3
o.OOOOE+00
2.OOOOE+00
2.4000E+01
1
3
0.OOOOE+00
8.OOOOE+00
2.4000E+01
0

J-
1.OOOOE+00
0.OOOOE+00

1. 8100E-04
O.0000E+00
0.0000E+00

REV.
BAR

3.5000E-04
1.8000E-04
0.OOOOE+00

Effective Volume Location:
1
2
0.OOOOE+00 1.OOOOE+00
2.4000E+01 0.OOOOE+00

Simulation Parameters:
1
o.OOOOE+00 0.OOOOE+00

Output Filename:
C:\Program Files\U S Nuclear

1
1
1
0
0

End of Scenario File

Regulatory Commission\Radtrad 3.oO

RADTRAD Version 3.02a run on 6/02/2004 at 8:38:43

Scenario Description

Radioactive Decay is enabled
RELEASENAME = Columbia_MSLB
Release Fractions and Timings

NOBLES

IODINE

CESIUM
TELLURIUM
STRONTIUM
BARIUM
RUTHENIUM
CERIUM
LANTHANUM

GAP
0.0003 hrs
0.OOOOE+00

7.4000E-03

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0.OOOOE+00

EARLY IN-VESSEL
0.0000 hrs
0.OOOOE+00

0.OOOOE+00

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

I.-



Page No. Cont'd on page,ENERGHYE Appendix Di - Excerpts from DI-6
People Vision -Solpuions t for MSLB Calculation No. NE-02-04-06 It

Prepared by I Dat!E \fA4 -4/If Verified by/Date: (2 QLfJf Revision No. A' 1vtb WI

REV.
BAR

Cumulative Dose Summary

CR EAB
Time
(hr)
0. 000
0.035
0.435
0.735
1.035
1.335
1.635
1.935
2.000
2.300
2.600
2.900
3.200
3.500
3.800
4 .100
4.400
4.700
5.000
5.300
5.600
5.900
6.200
6.500
6.800
7.100
7.400
7.700
8.000
8.300
8. 600
8. 900
9.200
9.500
9.800

10. 100
10.400
24.000

Thyroid
(rem)

9.9475E-06
3.1832E-01
7.1078E+00
1. 1672E+01
1. 5828E+01
1. 9613E+01
2.3060E+01
2.6198E+01
2.6837E+01
2.9638E+01
3.2189E+01
3.4512E+01
3.6627E+01
3.8553E+01
4. 0308E+01
4.1905E+01
4. 3360E+01
4.4685E+01
4.5891E+01
4.6990E+01
4. 7990E+01
4.8901E+01
4. 9731E+01
5.0486E+01
5.1174E+01
5.1801E+01
5.2372E+01
5.2891E+01
5.3364E+01
5.3795E+01
5. 4187E+01
5.4545E+01
5.4870E+01
5.5166E+01
5.5436E+01
5.5682E+01
5.5906E+01
5.8236E+01

TEDE
(rem)

3.0295E-07
9.6943E-03
2. 1647E-01
3.5547E-01
4 .8204E-01
5.9731E-01
7.0228E-01
7.9787E-01
8.1730E-01
9.0261E-01
9.8030E-01
1. 0510E+00
1.1155E+00
1.1741E+00
1.2276E+00
1.2762E+00
1.3205E+00
1.3609E+00
1.3976E+00
1. 4311E+00
1. 4615E+00
1.4893E+00
1.5145E+00
1.5376E+00
1.5585E+00
1.5776E+00
1.5950E+00
1. 6108E+00
1.6252E+00
1.6383E+00
1.6503E+00
1.6612E+00
1.6711E+00
1. 6801E+00
1.6883E+00
1.6958E+00
1.7026E+00
1.7736E+00

Thyroid
(rem)

6.2315E-10
2.9963E-05
1. 3066E+01
1.3066E+01
1.3067E+01
1. 3067E+01
1.3067E+01
1.3068E+01
1.3068E+01
1.3068E+01
1.3068E+01
1.3068E+01
1.3068E+01
1.3068E+01
1. 3068E+01
1. 3068E+01
1.3068E+01
1.3068E+01
1. 3068E+01
1.3068E+01
1.3068E+01
1.3068E+01
1. 3068E+01
1. 3068E+01
1.3068E+01
1. 3068E+01
1. 3068E+01
1.3068E+01
1. 3068E+01
1.3068E+01
1. 3068E+01
1.3068E+01
1.3068E+01
1. 3068E+01
1. 3068E+01
1.3068E+01
1.3068E+01
1.3068E+01

TEDE
(rem)

1.9083E-11
9. 1757E-07
4.0012E-01
4.0013E-01
4.0014E-01
4. 0015E-01
4.0016E-01
4. 0017E-01
4. 0017E-01
4.0017E-01
4.0017E-01
4. 0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4.0017E-01
4. 0017E-01
4.0017E-01
4. 0017E-01
4 .0017E-01
4.0017E-01
4.0017E-01
4. 0017E-01
4. 0017E-01
4. 0017E-01
4.0017E-01
4.0017E-01
4. 0017E-01
4.0017E-01
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1.0 DESCRIPTION

In accordance with 10 CFR 50.67, "Accident source term," a licensee may
voluntarily revise the accident source term used in design basis radiological
consequence analyses. Paragraph 50.67(b) requires that applications under this
section contain an evaluation of the consequences of applicable design basis
accidents (DBAs) previously analyzed in the plant Final Safety Analysis Report
(FSAR). Regulatory Guide (RG) 1.183, "Alternative Radiological Source Terms
for Evaluating Design Basis Accidents at Nuclear Power Reactors" (Reference
1), provides guidance to licensees on performing evaluations and reanalyses as
required to adopt an alternative source term (AST).

The AST is characterized by radionuclide composition and magnitude, chemical
and physical form of the radionuclides, and the timing of the release of these
radionuclides. An accident source term is a fundamental assumption upon
which a portion of the plant design is based.

Energy Northwest has performed radiological consequence analyses of the four
applicable boiling water reactor (BWR) DBAs identified in RG 1.183. These
DBAs are a Loss of Coolant Accident (LOCA), a Fuel Handling Accident (FHA), a
Control Rod Drop Accident (CRDA) and a Main Steam Line Break (MSLB).
These analyses were performed using the guidance of RG 1.183 and Standard
Review Plan (SRP) Section 15.0.1, "Radiological Consequence Analyses Using
Alternative Source Terms" (Reference 2). Comparison with the guidance
contained in RG 1.183 is summarized in Attachment 2 of this license amendment
request (LAR).

The supporting analyses consisted of the following steps:

* Determination of the AST based on plant-specific analysis of the fission
product inventory,

* Application of the release fractions for the four BWR DBAs,

* Application of the deposition and removal mechanisms,

* Analysis of the atmospheric dispersion for the radiological propagation
pathways, and

* Calculation of the offsite and control room (CR) personnel Total Effective
Dose Equivalent (TEDE) doses.

In addition to revising the Columbia licensing basis to adopt the AST, licensing
basis changes to the secondary containment drawdown and CR inleakage are
proposed and justified to resolve existing non-conforming conditions associated
with these two design functions.
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2.0 PROPOSED CHANGE

The licensing and design basis changes included in this LAR are summarized in
this section. The proposed Technical Specification (TS) changes are delineated
below and a mark-up of the affected TS pages is provided in Attachment 3. A
brief summary of the TS Bases changes is provided below and a mark-up of the
affected pages is provided in Attachment 4 for information. Additionally,
changes to the Columbia licensing and design basis are included in the LAR to
resolve two previously identified nonconforming conditions. The first one is
associated with secondary containment drawdown. This nonconforming
condition has historically been referred to as the secondary containment
drawdown Justification for Continued Operation (JCO). The second
nonconforming condition is associated with CR inleakage. This nonconforming
condition has historically been referred to as the CR inleakage unreviewed safety
question (USQ). Brief summaries of these changes are provided below. Details
of the analytical model used to resolve the secondary containment drawdown
issue are provided in the Energy Northwest engineering calculation provided in
Attachment 5. Additional details of these changes are provided in Section 3.0
"Background" and Section 4.0 "Technical Analysis." Numerous FSAR changes
will be required based on the new analyses performed in support of this LAR.
The updating of the FSAR to reflect these changes will be performed as part of
the implementation of the LAR, and as such, the FSAR mark-ups are not
provided with this submittal. The FSAR changes (not included) will be performed
in accordance with 10 CFR 50.59.

Technical Snecification Chanaes

Table of Contents

Deleted section 3.6.1.8, "Main Steam Isolation Valve Leakage Control
(MSLC) System," and added section 3.9.10, "Decay Time." A discussion
of the technical basis for these changes is provided below (see TS 3.6.1.8
and TS 3.9.10 change discussion).

TS 1.1, "Definitions"

Revised the definition for DOSE EQUIVALENT 1-131 by replacing the
word "thyroid" with "Total Effective Dose Equivalent (TEDE)" and replacing
the references to dose conversion factors from TID-14844, RG 1.109, and
ICRP-30, with a reference to Federal Guidance Report (FGR) 11,
"Limiting Values of Radionuclide Intake and Air Concentration and Dose
Conversion Factors for Inhalation, Submersion, and Ingestion," 1988.

This change reflects the application of AST methodology.
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TS 3.1.7, "Standby Liquid Control (SLC) System"

Added MODE 3 to the applicability statement and added the requirement
to be in MODE 4 within 36 hours if a required action was not met.

This change is needed to support the use of the SLC system for buffering
suppression pool pH as assumed in the LOCA analysis performed in
support of this AST LAR.

Table 3.3.6.1-1, "Primary Containment Isolation Instrumentation"

Added MODE 3 to the applicable mode column for item k., "SLC System
Initiation."

This change is needed for the reason stated above for TS 3.1.7.

Table 3.3.6.2-1, "Secondary Containment Isolation Instrumentation"

Deleted footnote (b) and corrected the spelling of "Function" in
footnote (c).

Footnote (b) imposes operability requirements on the "Reactor Building
Vent Exhaust Plenum Radiation - High" and the "Manual Initiation"
functions during core alterations and fuel movements. Since secondary
containment is not credited for the mitigation of the AST FHA, an
operability requirement for these functions during core alterations or fuel
handling activities is no longer necessary. This change, combined with
the addition of TS 3.9.10, is consistent with the scope and intent of
TSTF-51.

The spelling correction is editorial.

TS 3.3.7.1, "Control Room Emergency Filtration (CREF) System
Instrumentation"

Deleted Actions E and F.

Deleted "or radiation monitoring" and "as applicable" from Note 2 of the
Surveillance Requirements (SR) section.

Actions E and F prescribe actions and completion times for an inoperable
main CR ventilation radiation monitor. Entry into these two Actions is
driven by item 4 of Table 3.3.7-1. Since item 4 of Table 3.3.7-1 is being
deleted as discussed below, Actions E and F are no longer needed.
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The radiation monitoring words deleted from the SR Note are associated
with item 4 of Table 3.3.7-1 that is being deleted; therefore, these words
are no longer needed.

Table 3.3.7.1-1, "Control Room Emergency Filtration (CREF) System
Instrumentation"

Deleted footnote (b).

Deleted item 4, "Main Control Room Ventilation Radiation Monitor."

Footnote (b) imposes operability requirements on the "Reactor Building
Vent Exhaust Plenum Radiation - High" (Table item 3) and the "Main
Control Room Ventilation Radiation Monitor' (Table item 4) functions
during core alterations and fuel movements. Since the CREF system is
not credited for the mitigation of the AST FHA, an operability requirement
for these functions during core alterations or fuel handling activities is no
longer necessary. This change, combined with the addition of TS 3.9.10,
is consistent with the scope and intent of TSTF-51.

In addition to the above change, the remaining operability requirements
(i.e., MODES 1, 2, 3 and during operations with a potential for draining the
reactor vessel (OPDRV)) for the main CR ventilation radiation monitors
are also obviated by the AST LOCA analysis associated with this LAR.
While the operability of the CREF system is required for the AST LOCA
analysis, the existing manual action for selecting the preferred remote
intake based on the associated radiation levels as indicated by these
monitors is no longer credited. Since this manual action is not credited,
deletion of this TS function from this table is consistent with the criteria in
10 CFR 50.36.

TS 3.6.1.3, "Primary Containment Isolation Valves (PCIVs)"

Deleted footnote 1 associated with SR 3.6.1.3.6.

Revised SR 3.6.1.3.10 to increase the allowable limit for secondary
containment bypass leakage from 0.74 scfh to 0.04% primary
containment volume/day.

Revised SR 3.6.1.3.11 to increase the allowable MSIV leakage limit from
11.5 scfh per valve to 16.0 scfh per valve when tested at greater than or
equal to 25.0 psig.

The deletion of footnote I is editorial. This footnote was issued to
address a special circumstance associated with a 2002 Notification of
Enforcement Discretion and was limited to a specific time period that has
expired.
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The new allowable limits for bypass leakage and MSIV leakage are
relaxations from the current requirements. The acceptability of these new
limits is demonstrated in the supporting AST accident analyses. The
resulting radiological consequences are within the applicable regulatory
limits.

TS 3.6.1.8, "Main Steam Isolation Valve Leakage Control (MSLC) System"

Deleted entire TS.

This TS provided operability requirements for the MSLC system. This
system is no longer credited for the mitigation of any DBA in the accident
analyses performed in support of this AST LAR. Therefore, a TS
requiring the operability of this system is no longer necessary and this
deletion is consistent with the criteria of 10 CFR 50.36.

TS 3.6.4.1, 'Secondary Containment"

Changes are proposed to the following three sections of this TS:

1) Deleted "During movement of irradiated fuel assemblies in the
secondary containment, During CORE ALTERATIONS," from the
applicability statement.

2) Deleted the portions of Action C related to fuel movement and core
alterations. As a result of these deletions, Action C.3 became C.1.
Additionally, the Limiting Condition for Operation (LCO) 3.0.3 note
provided in Action C was deleted.

3) Revised SR 3.6.4.1.1 to change the minimum required containment
vacuum from greater than or equal to 0.25 inch of vacuum water
gauge to greater than 0.0 inch of vacuum water gauge. Deleted
SR 3.6.4.1.4. Revised the existing SR 3.6.4.1.5 to change the
maximum allowed standby gas treatment (SGT) subsystem flow
rate from less than or equal to 2240 cubic feet per minute (cfm) to
a secondary containment inleakage flow rate of less than or equal
to 2430 cfm. Due to the deletion of SR 3.6.4.1.4, SR 3.6.4.1.5 is
renumbered as SR 3.6.4.1.4.

This TS establishes the operability requirements for secondary
containment. Since secondary containment is not credited for the
mitigation of the AST FHA, the need to ensure the operability of this
system during core alterations or fuel handling activities is no longer
necessary. This change, combined with the addition of TS 3.9.10, is
consistent with the scope and intent of TSTF-51.
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Changing Action C.3 to C.1 is editorial. The LCO 3.0.3 note associated
with Action C is no longer required.

The SR 3.6.4.1.1 supports the boundary condition (initial pre-accident
pressure/vacuum) assumed for the air pressure in the secondary
containment for the drawdown analysis. In NUREG-1434, (Reference 3)
the specified vacuum value is bracketed and is dependent on the plant
specific accident analysis. The new GOTHIC (Reference 4) model for
secondary containment drawdown developed and presented in this LAR
assumes an initial pressure that is based on a building pressure
differential of 0.0 inches water gauge between the inside and the outside
of the building at the bounding location. Therefore, the requirement to
verify secondary containment vacuum is greater than or equal to
0.0 inches water gauge is appropriate for the new proposed licensing
basis for secondary containment drawdown.

With the deletion of SR 3.6.4.1.4, existing SR 3.6.4.1.5 is renumbered as
SR 3.6.4.1.4. The SR 3.6.4.1.4 currently requires secondary containment
to be drawn down to greater than or equal to 0.25 inch of vacuum water
gauge in less than or equal to 120 seconds. This surveillance is no longer
needed as secondary containment drawdown performance is adequately
demonstrated by the proposed changes to existing SR 3.6.4.1.5 combined
with proposed changes to SR 3.6.4.3.3. Taken together, these revised
SRs provide a reasonable basis for demonstrating system operability and
support AST LOCA analysis assumptions.

The maximum flow rate specified in SR 3.6.4.1.5 (new SR 3.6.4.1.4) has
been revised to an inleakage flow rate of 2430 cfm. The revised value is
equivalent to one secondary containment air volume exchange per day.
This is consistent with the guideline in the SRP (Reference 5), Section
6.2.3. The revised value of 2430 cfm was calculated using the as-built
secondary containment free volume.

New SR 3.6.4.1.4 verifies secondary containment integrity by ensuring
that secondary containment inleakage does not prevent an acceptable
drawdown. Revised SR 3.6.4.3.3 verifies that the SGT system reaches
4800 cfm within 2 minutes of an initiation signal. Performance of these
surveillances provides assurance that secondary containment vacuum
can be achieved and maintained.

TS 3.6.4.2, "Secondary Containment Isolation Valves (SCIVs)"

Changes are proposed to the following two sections of this TS:

1) Deleted 'During movement of irradiated fuel assemblies in the
secondary containment, During CORE ALTERATIONS," from the
applicability statement.
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2) Deleted the portions of Action D related to fuel movement and core
alterations. As a result of these deletions, Action D.3 became D.1.
Additionally, the LCO 3.0.3 note provided in Action D was deleted.

This TS establishes the operability requirements for SCIVs. Since
secondary containment is not credited for the mitigation of the AST FHA,
the need to ensure the operability of the SCIVs during core alterations or
fuel handling activities is no longer necessary. This change, combined
with the addition of TS 3.9.10, is consistent with the scope and intent of
TSTF-51.

Changing Action D.3 to D.1 is editorial. The LCO 3.0.3 note associated
with Action D is no longer required.

TS 3.6.4.3, "Standby Gas Treatment (SGT) System"

Changes are proposed to the following three sections of this TS:

1) Deleted "During movement of irradiated fuel assemblies in the
secondary containment, During CORE ALTERATIONS," from the
applicability statement.

2) Deleted the portions of Actions C and E related to fuel movement
and core alterations. As a result of these deletions, Action C.2.3
became C.2 and E.3 became E.1. Additionally, the LCO 3.0.3
notes provided in Actions C and E were deleted.

3) Revised SR 3.6.4.3.3 to add the phrase 'and reaches greater than
or equal to 4800 cfm within 2 minutes."

This TS establishes the operability requirements for SGT system. Since
secondary containment is not credited for the mitigation of the AST FHA,
the need to ensure the operability of the SGT system during core
alterations or fuel handling activities is no longer necessary. This change,
combined with the addition of TS 3.9.10, is consistent with the scope and
intent of TSTF-51.

Changing Actions C.2.3 to C.2 and E.3 to E.1 are editorial. The LCO
3.0.3 notes associated with Actions C and E are no longer required.

The phrase Wand reaches greater than or equal to 4800 cfm within 2
minutes" is an additional requirement that is proposed in this LAR. This
new requirement supports the revisions to the SRs of TS Section 3.6.4.1.
Establishing a flow rate acceptance criterion in SR 3.6.4.3.3 provides
assurance that the SGT system performs at or above the level assumed
in the secondary containment drawdown analysis. The 2-minute time
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period supports the bounding start time assumed in the drawdown
analysis that considers a loss of offsite power, failure of the lead SGT fan
to start and the subsequent autostart of the lag fan.

TS 3.7.3, "Control Room Emergency Filtration (CREF) System"

Changes are proposed to the following two sections of this TS:

1) Deleted "During movement of irradiated fuel assemblies in the
secondary containment, During CORE ALTERATIONS," from the
applicability statement.

2) Deleted the portions of Actions D and F related to fuel movement
and core alterations. As a result of these deletions, Actions D.2.3
became D.2 and F.3 became F.1. Additionally, the LCO 3.0.3
notes provided in Actions D and F were deleted.

This TS establishes the operability requirements for the CREF system.
Since CREF is not credited for the mitigation of the AST FHA, the need to
ensure the operability of the CREF system during core alterations or fuel
handling activities is no longer necessary. This change, combined with
the addition of TS 3.9.10, is consistent with the scope and intent of TSTF-
51.

Changing Actions D.2.3 to D.2 and F.3 to F.1 are editorial. The LCO 3.0.3
notes associated with Actions D and F are no longer needed.

TS 3.7.4, "Control Room Air Conditioning (AC) System"

Changes are proposed to the following two sections of this TS:

1) Deleted "During movement of irradiated fuel assemblies in the
secondary containment, During CORE ALTERATIONS," from the
applicability statement.

2) Deleted the portions of Actions C and E related to fuel movement
and core alterations. As a result of these deletions, Actions C.2.3
became C.2 and E.3 became E.1. Additionally, the LCO 3.0.3 note
provided in Actions C and E was deleted.

This TS establishes the operability requirements for the CR air
conditioning system. The CR air conditioning system provides
temperature control for the CR following isolation of the CR. Since CR
isolation is not credited for the mitigation of the AST FHA, the operability
of the CR air conditioning system during core alterations or fuel handling
activities is no longer necessary. This change, combined with the addition
of TS 3.9.10, is consistent with the scope and intent of TSTF-51.
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Changing Actions C.2.3 to C.2 and E.3 to E.1 are editorial. The LCO
3.0.3 note associated with Actions C and E is no longer needed.

TS 3.8.2, "AC Sources - Shutdown'

Changes are proposed to the following two sections of this TS:

1) Deleted "During movement of irradiated fuel assemblies in the
secondary containment" from the applicability statement.

2) Deleted the portions of Actions A and B related to core alterations
and fuel movement. As a result of these deletions, Actions A.2.3
became A.2.1, A.2.4 became A.2.2, B.3 became B.1 and B.4
became B.2. Additionally, the LCO 3.0.3 note provided for the
actions was deleted.

This TS establishes the operability requirements for AC sources during
shutdown. Since no safety related systems are credited for the mitigation
of the AST FHA, the requirement to ensure the operability of the
supporting AC sources during core alterations and fuel handling activities
is no longer needed. This change, combined with the addition of TS
3.9.10, is consistent with the scope and intent of TSTF-51.

The existing requirements for the AC sources needed to support required
equipment during MODES 4 and 5 are not relaxed by this change. This
change aligns the scope of the applicability statement to be consistent
with the above system specific TS changes relative to the revised
requirements for fuel handling activities.

Changing Actions A.2.3 to A.2.1, A.2.4 to A.2.2, B.3 to B.1 and B.4 to B.2.
are editorial. The LCO 3.0.3 note associated with these actions is no
longer needed.

TS 3.8.5, "DC Sources - Shutdown"

Changes are proposed to the following two sections of this TS:

1) Deleted "During movement of irradiated fuel assemblies in the
secondary containment" from the applicability statement.

2) Deleted the portions of Action A related to core alterations and fuel
movement. As a result of these deletions, Actions A.2.3 became
A.2.1 and A.2.4 became A.2.2. Additionally, the LCO 3.0.3 note
provided for this action was deleted.
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This TS establishes the operability requirements for DC sources during
shutdown. Since no safety related systems are credited for the mitigation
of the AST FHA, the requirement to ensure the operability of the
supporting DC sources during core alterations and fuel handling activities
is no longer needed. This change, combined with the addition of
TS 3.9.10, is consistent with the scope and intent of TSTF-51.

The existing requirements for the DC sources needed to support required
equipment during MODES 4 and 5 are not relaxed by this change. This
change aligns the scope of the applicability statement to be consistent
with the above system specific TS changes relative to the revised
requirements for fuel handling activities.

Changing Actions A.2.3 to A.2.1 and A.2.4 to A.2.2 are editorial. The
LCO 3.0.3 note associated with these actions is no longer needed.

TS 3.8.8, 'Distribution Systems - Shutdown"

Changes are proposed to the following two sections of this TS:

1) Deleted "During movement of irradiated fuel assemblies in the
secondary containment." from the applicability statement.

2) Deleted the portions of Action A related to core alterations and fuel
movement. As a result of these deletions, Actions A.2.3 became
A.2.1, A.2.4 became A.2.2 and A.2.5 became A.2.3. Additionally,
the LCO 3.0.3 note provided for this action was deleted.

This TS establishes the operability requirements for the Division 1, 2 and
3 AC and DC electrical distribution system during shutdown. Since no
safety related systems are credited for the mitigation of the AST FHA, the
requirement to ensure the operability of the associated distribution
systems during core alterations and fuel handling activities is no longer
needed. This change, combined with the addition of TS 3.9.10, is
consistent with the scope and intent of TSTF-51.

Changing Actions A.2.3 to A.2.1, A.2.4 to A.2.2, A.2.5 to A.2.3 are
editorial. The LCO 3.0.3 note associated with this action is no longer
needed.
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TS 3.9.7, "Reactor Pressure Vessel (RPV) Water Level - New Fuel or Control
Rods"

Changes are proposed to the following two sections of this TS:

Increased the required water level above the top of irradiated fuel
assemblies seated within the RPV in the LCO from 22' to 23'.

Similarly, increased 22' to 23' in SR 3.9.7.1.

This change does not affect any accident analysis and does not affect the
operation of the plant during refueling activities. This change is proposed
to establish operational requirements consistent with assumptions of the
AST FHA analysis.

A similar change to the existing water height requirement of 22' for
TS 3.9.6, which is measured from the RPV flange, is not proposed. The
physical dimensions of the RPV flange relative to maximum fuel pool
water level preclude normal operation with water levels of 23'. However,
the Bases for TS 3.9.6 has been changed as a result of the AST FHA
analysis, and is included in Attachment 4.

TS 3.9.10, "Decay Time"

New TS 3.9.10 is proposed to ensure compliance with the decay time
assumption used in the AST FHA analysis. This new TS requires a
24-hour decay time before in-vessel fuel movement can commence. A
new SR is provided to verify compliance with the required decay time prior
to the movement of irradiated fuel. A new TS Bases section is provided to
discuss the applicable safety analysis and other supporting information.

Criterion 2 of 10 CFR 50.36(c)(2)(ii)(B) in part, specifies an operating
restriction that is an initial condition of a design basis analysis as an item
that should have a supporting LCO. A 24-hour decay time is assumed in
the development of the source term used in the AST FHA analysis. This
new TS is similar to the decay time TS proposed by the Tennessee Valley
Authority in the recent Browns Ferry AST LAR (Reference 6). This
change is consistent with the scope and intent of TSTF-51. The TSTF-51
specifies a decay time in the TS Bases. Columbia is proposing to specify
this restriction as an LCO.
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TS 5.5.7, 'Ventilation Filter Test Program (VFTP)"

Revised the acceptable SGT system flow rates from a range of 4012 to
4902 cfm to a range 4320 to 5280 cfm in parts a, b, and d of this program
description.

The new GOTHIC model for the secondary containment drawdown
analysis credits a SGT system flow rate of 4800 cfm. The new 4800 cfm
value for SGT system flow rate has been evaluated to ensure 99 percent
filter efficiency credit in the design basis analyses. The change to the
SGT system flow rate is an analytical change only. No changes to plant
equipment or equipment setpoints are required. The proposed SGT
system flow rate for filter test purposes is 4320 to 5280 cfm (i.e., 4800 ±
10%). This flow range complies with American National Standards
Institute (ANSI) Standard N510-1989, "Testing of Nuclear Air Treatment
Systems."

TS Bases Changes - Summary

The TS Bases were revised to incorporate results of the AST analyses.
The reference sections were also updated. For example, numerous
references to 10 CFR 100 were replaced with references to 10 CFR
50.67.

Secondary Containment Drawdown Licensing Basis Change

The original licensing basis for SGT system performance and the resulting
secondary containment drawdown was based upon the ability of the SGT
system to establish a 0.25 inch vacuum water gauge in the secondary
containment within 120 seconds after a postulated LOCA. Based on a
review of industry operating experience information in the late 1980s,
Energy Northwest identified a condition outside the licensing basis under
certain adverse conditions. Based on this condition, Energy Northwest
developed an operability evaluation and submitted Revision 0 of a JCO to
the NRC on September 29, 1989 (Reference 7). The JCO (currently
Revision 6) assumes a 10-minute drawdown time.

Energy Northwest proposes to resolve this JCO by revising the design and
licensing bases to a 20-minute drawdown time. This drawdown time is
supported by a new calculation using a 3-node GOTHIC Version 7.1
model of the secondary containment and application of AST methodology.
No equipment changes are required for either secondary containment or
the SGT system.
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Control Room Inleakage "USQ"

The original licensing basis for CR habitability assumed an unfiltered
inleakage of 10.55 cfm. In response to an emerging generic industry
concern, Energy Northwest performed a series of tracer gas tests in the
fall of 2000 to assess the validity of the original inleakage assumption.
Based on these tests, Energy Northwest determined this assumption
could not be met and reported this condition in licensee event report
(LER) 2000-006 (Reference 8). The impact on CR habitability was
assessed and appropriate compensatory measures were established.

A second series of tracer gas tests were performed in the fall of 2003.
The 2003 tests, performed by NUCON Intemational, Inc., utilized the
ASTM E741 methodology and current state-of-the-art testing technology.
These tests provided more accurate results than the 2000 tests, but were
still outside the original licensing basis.

The 2003 test results were used as the basis for the unfiltered inleakage
assumptions in this LAR. Unfiltered CR inleakages of 75 cfm with both
CREF trains in service and 50 cfm with one train in service were
assumed. Both these values include 10 cfm for ingress and egress
consistent with RG 1.197 (Reference 9).
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3.0 BACKGROUND

Secondary Containment Drawdown JCO

This LAR provides the basis for resolving a long-standing nonconformance with
the Columbia design and licensing bases regarding the establishment of
secondary containment vacuum for mitigating DBAs. The original licensing basis
for SGT system performance was to reestablish secondary containment to a
0.25 inch vacuum water gauge within 120 seconds of initiation after a DBA.

In 1988, the ability of the system to accomplish this design objective was brought
into question. This was initially reported to the NRC staff in LER 88-023-00
(Reference 10). The NRC staff was notified of the interim resolution (JCO
Revision 0) by a letter dated September 29, 1989 (Reference 7).

On January 3,1990 (Reference 11) the NRC staff responded to the September
29,1989 letter. That response acknowledged sufficient justification existed to
allow continued operation. On February 16,1990, Energy Northwest submitted
a letter (Reference 12) to the staff that discussed a program plan for resolution of
this issue.

On December 22,1992, Energy Northwest submitted another letter (Reference
13) to the staff that discussed changes for the resolution of the secondary
containment issue that was presented in the February 16, 1990 letter.

On October 15, 1996, Energy Northwest submitted the revised licensing basis
and a request for amendment to secondary containment and SGT system TS
(Reference 14). During the course of the NRC staff review of this amendment
request, Energy Northwest responded to three Requests for Additional
Information (RAls) in letters dated December 4,1997, April 12, 1999 and June
10, 1999 (References 15,16 and 17).

On July 16, 1999, Energy Northwest withdrew the amendment request
(Reference 18) due to a non-conservative error. On December 3, 2001
(Reference 19), Energy Northwest submitted a revised DBA analysis based on
AST methodology to resolve the JCO. On November 20, 2002 (Reference 20)
that submittal was withdrawn. The JCO is still in effect although it has been
revised several times (currently Revision 6).

Energy Northwest proposes to resolve the nonconforming condition by revising
the design and licensing basis. The resolution is supported by a new calculation
using a 3-node GOTHIC model of the secondary containment and the
application of the AST methodology for evaluating the associated radiological
consequences. The proposed approach does not require hardware changes to
either secondary containment or the SGT system.
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Control Room Boundary Inleakage

This LAR also provides the basis for resolving a nonconformance with the design
and licensing bases regarding unfiltered CR inleakage following a LOCA. The
CR habitability systems are designed to maintain a suitable environment for plant
operators during normal and abnormal operating conditions in accordance with
General Design Criteria (GDC) 19 of 10 CFR 50, Appendix A. During a
radiological accident, the CREF system provides protection for CR personnel by
pressurizing the CR with filtered air drawn from two separate remote fresh air
intakes.

In support of a previously submitted LAR (Reference 21) to adopt the AST, a test
was performed in Fall 2000 to quantify unfiltered inleakage into the control room
envelope (CRE). The results of the test showed CR inleakage was considerably
higher than the 10.55 cfm assumed in the licensing basis. A follow-up operability
assessment determined that this increased inleakage did not render the CREF
system inoperable provided compensatory measures were implemented to
administer potassium iodide (KI) to CR operators following a LOCA. This outside
design basis condition was reported to the NRC in LER 2000-006-01 (Reference
8).

In response to Generic Letter 2003-01, Energy Northwest opted to re-perform
the tracer gas testing. Results of this second series of tests are provided in
Section 4.2 and are used to support this AST LAR.
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4.0 TECHNICAL ANALYSIS

4.1 Secondary Containment Drawdown

Introduction

A new stand-alone analysis was performed to develop the revised design
and licensing bases for secondary containment drawdown. An overview
of this analysis is provided below. The approved calculation is provided in
Attachment 5 of this submittal. A secondary containment drawdown time
of 20 minutes is proposed as the new licensing basis. The analysis
described below demonstrates the ability of the SGT system to support
this licensing basis. The regulatory guidance provided in SRP Section
6.2.3 and RG 1.183 was used in the calculation. A 3-node GOTHIC
Version 7.1 model was developed for this analysis.

Sensitivity studies were performed to develop a full understanding of the
physics associated with the analysis. These sensitivity studies started
with a single volume (i.e., 1-node) model. Additional modeling features
such as internal heat sources, heat absorbing structures (thermal
conductors), and wind pressure effects were added one at a time to
ensure they were fully understood. These sensitivities provided additional
insights and were used in the final 3-node model development.

Model Development and General Assumptions

The secondary containment was modeled as 3 nodes. This nodalization
was selected to represent the major volumes within the reactor building.

The first of these nodes was the pump rooms located on the 422' 3"
elevation. The pump rooms contain significant thermal heat loads and
communicate with the suppression chamber of the primary containment
via heat conduction.

The refueling floor was selected as the second node because it contains
the spent fuel pool, a significant heat source, with a dedicated cooling
system. Additionally, this volume included the upper reactor building
siding, which is one of the potentially significant leakage paths.

The main building volume of the reactor building including the railroad bay
up to the refueling floor was selected as the third node. The main building
elevations are connected by a large open hatchway allowing relatively free
exchange of air. This region includes a number of small rooms that
contain heat sources and associated safety-related room coolers.
Combining these rooms within this main building volume is conservative.
Evenly distributing higher individual room heat effects throughout the
entire main building volume reduces room temperature and the
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effectiveness of the associated room cooler to remove the heat. The air
temperature reduction for the rooms artificially minimizes the temperature
difference between the air and cooling water that services these coolers.
Therefore, the heat removal provided by the coolers is under-predicted
during the drawdown.

Only the Division 1 and 3 safety-related room coolers located in the
reactor building were credited in the analysis as it was assumed the
Division 2 diesel generator was unavailable. The overall heat transfer
coefficients for these room coolers were assumed to remain constant for
the 30-day mission time and were reduced to 60% to account for fouling
and other variations.

Service water to the room coolers was assumed to be 78*F for the first
two hours. This temperature bounds the 770F verified every 24 hours by
plant surveillance. The service water temperature was assumed to
increase to a constant 870F after the first two hours for the remainder of
the time considered in the analysis. The value of 870F bounds the
average service water temperature for a 30-day LOCA analysis.

The initial air temperature of the volumes in the 3-node model was 75*F.
The initial temperature of the volumes was based on an average reactor
building temperature using plant operating experience during cold weather
conditions. A low initial operating temperature increases drawdown time.

The room coolers are available to provide cooling 300 seconds after the
start of the event. This time delay includes the sequence of events
beginning with a loss of offsite power (LOOP), the starting and loading of
the emergency diesel generators, and achieving full service water flow in
the Emergency Core Cooling System (ECCS) room coolers.

The electrical heat loads assumed for the reactor building include high
pressure core spray (HPCS), low pressure core spray (LPCS), residual
heat removal (RHR) train A, and other loads supplied by Divisions 1 and
3. The emergency lighting heat loads were assumed to start at
approximately 0 seconds and operate continuously. The heat load,
associated with the normal operating equipment that is de-energized, was
dissipated based on an exponential decay relationship.

The spent fuel pool decay heat load was assumed to be approximately
9.8E6 BTU/hr. This value is the typical maximum spent fuel pool heat
load during startup expected after a refueling outage. Maintaining a
constant value for the entire analysis period is conservative, as decay
heat will decrease with time. Manual restoration of the fuel pool cooling
system was assumed to occur at 12 hours following the initiation of a
LOCA. A sensitivity analysis performed on the timing of this action
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showed the design function of achieving and maintaining a secondary
containment vacuum is relatively insensitive to the timing. This is an
existing manual action performed by procedures from the CR and is
expected to occur well within the assumed 12 hours.

In accordance with SRP Section 6.2.3, no credit was taken for secondary
containment outleakage.

The initial pressure inside secondary containment is established based on
the 0.0 inch water gauge differential pressure between the inside and the
outside of the reactor building at the limiting location. This assumption
establishes the basis for the proposed change to TS SR 3.6.4.1.1 from
0.25 inch vacuum water gauge to 0.0 inch water gauge.

Bounding meteorological conditions were based on the extreme wind
speed that is exceeded only 5% of the time. The 1996-1999
meteorological data used elsewhere in this submittal were the source for
determining this wind speed. This wind speed is 17.2 mph at 33 feet.
This is consistent with the guidance of RG 1.183.

The 5th and 95th percentile outside temperature values are 860F on the
high temperature side and 280F on the low temperature side. Sensitivity
studies were performed to determine which value to use for the bounding
analysis.

For the purpose of this calculation, the SGT system fan was limited to a
maximum of 4800 actual cubic feet per minute (acfm). The SGT system
fan is assumed to start 120 seconds following the LOOP/LOCA.

The leakage flow split between the upper and lower elevations of the
reactor building was based upon specific testing that was performed to
determine the relative leakage at different locations in the building.
Sensitivity analyses were performed to understand the effect of different
flow split assumptions. As demonstrated in the sensitivity analysis, the
70/30 split (upper/lower) assumed in the analysis is conservative as
compared to the 90/10 split suggested by the test data.

Sensitivity Analyses

Eight cases were evaluated as part of the model development to establish
the necessary inputs for the design and licensing bases analysis. These
cases address two wind directions, two outside temperature conditions,
and two flow splits. A description of the cases is provided below.

Case 1: Warm air with easterly wind and 70/30 leakage flow split
Case 2: Warm air with south easterly wind and 70/30 leakage flow split
Case 3: Cold air with easterly wind and 70/30 leakage flow split
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Case 4: Cold air with south easterly wind and 70/30 leakage flow split
Case 5: Warm air with easterly wind and 90/10 leakage flow split
Case 6: Cold air with easterly wind and 90/10 leakage flow split
Case 7: Warm air with south easterly wind and 90/10 leakage flow split
Case 8: Cold air with south easterly wind and 90/10 leakage flow split
These cases confirmed that the 70/30 split is conservative versus the
90/10 split for both warm (860F) and cold (280F) conditions. These cases
also confirm that cold air case with easterly winds bound the other
combinations of meteorological conditions. Therefore Case 3 was
selected for development of the license basis model.

Using Case 3, four long-term cases were developed to evaluate the
impact of delayed start of fuel pool cooling on maintaining a vacuum in
secondary containment. The four cases are described below.

Case 9: Cold air easterly wind direction 70/30 leakage split fuel pool
cooling start time 20 minutes

Case 10: Cold air easterly wind direction 70/30 leakage split fuel pool
cooling start time 3 hours

Case 11: Cold air easterly wind direction 70/30 leakage split fuel pool
cooling start time 12 hours

Case 12: Cold air easterly wind direction 70/30 leakage split fuel pool
cooling start time 24 hours

All four cases demonstrated a vacuum could be maintained in secondary
containment. The twelve hour case, Case 11, was chosen as a
reasonable time to expect operator action to restore spent fuel pool
cooling.

Conclusions and Results

This analysis demonstrated that the SGT system can restore and maintain
secondary containment to at least 0.25 inches vacuum water gauge in
less than 20 minutes. Based on this result a licensing basis drawdown
time of 20 minutes was used in the LOCA analysis.

4.2 Control Room Boundary Inleakaae

Introduction

In response to Generic Letter 2003-01, Energy Northwest performed
tracer gas testing in Fall 2003. Test methodology, conditions, results, and
the application of the results are discussed below.
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Test Methodology

The tracer gas test was based on the constant injection method of ASTM
E741-2000 (Reference 22). A constant flow of tracer gas is injected into
the CRE until the resulting concentration in the envelope reaches a steady
state (defined as exceeding a 95% approach to equilibrium). This occurs
when the amount of tracer gas entering the CRE is the same as the
amount leaving the CRE. By injecting the tracer gas in the air flow used
for pressurization of the envelope, an estimate of the filtered and
unfiltered airflow that provides this pressurization can be made by
measuring the concentration of tracer gas in the airflow from the outside
while at the same time measuring the steady state concentration in the
CRE.

During performance of the inleakage tests, the CRE was administratively
controlled to minimize casual ingress or egress. Measuring and test
equipment were calibrated in accordance with the NUCON 10 CFR 50
Appendix B Quality Assurance (QA) program.

Description of the Columbia CRE

The CR is located on elevation 501' of the radwaste building. Included in
the CRE are all essential control equipment of the plant plus a toilet,
kitchenette, dining area, office area, and computer peripherals area. The
CR is continuously occupied. The computer peripherals, kitchenette, and
dining area are frequently occupied. The heating, ventilation and air
conditioning (HVAC) equipment rooms (located on elevation 525' above
the CR) are not in the CRE and are not serviced by the CR habitability
systems. The CR HVAC equipment and associated ductwork necessary
to preserve the unfiltered inleakage assumptions used in the dose
analyses are included as part of the CRE.

Tests Conducted

Characterization Test: This test was performed while operating the CR
HVAC system in the emergency pressurization mode with filter Train B in
operation and the Division I (A) remote outside air intake open. The
characterization test was performed to confirm that the CRE could be
treated as a single zone. Approximately 30 minutes after the start of
constant injection, gas samples were taken throughout the envelope.
Analysis of the samples demonstrated that the spatial uniformity of tracer
gas concentrations in the envelope differed by less than 10% from their
average concentration. Based on these results, no additional fans for
mixing were necessary and the CRE could be treated as a single zone.



LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment 1
Page 24 of 91

Constant Injection Tests: The constant injection test with Train B in
emergency pressurization mode operation was continued after the
characterization test was performed. Constant injection tests on Train A
were performed later, as well as both trains operating in parallel.

For the constant injection tests, the tracer gas concentration in the return
airflow samples was monitored by taking samples approximately every 15
to 20 minutes until the concentration reached a steady state. All of the
constant injection tests exceeded a 95% approach to equilibrium. Taking
samples during this same interval also monitored tracer gas concentration
in the airflow from the outside. The unfiltered inleakage airflows were
calculated based on these tests and the results are shown in Table 4.2-1.

Uncertainties

Statistically based, random uncertainties were calculated with a 95%
confidence level for the constant injection test. These results are shown
in Table 4.2-1. As discussed in RG 1 .197, for CREs that have low
leakage (i.e., less than 100 cfm), the uncertainty may be an artifact of the
calculations and not representative of CRE integrity.

Test Results

Table 4.2-1
CR Inleakage Test Results

Mode Tested Unfiltered Inleakage

Train B Pressurization 8 ± 13 standard cubic feet per
minute (scfm)

Train A Pressurization -16 ± 26 scfm (effectively zero)

Train A Pressurization, 2nd Test -26 ± 26 scfm (effectively zero)

Trains A + B Pressurization 27± 26 scfm

Conclusions

Based on the test results, 75 cfm of unfiltered air inleakage with both
CREF trains in service and 50 cfm of unfiltered air inleakage with one
CREF train in service were assumed in the AST LOCA analysis. These
values include the allowance of 10 cfm for ingress and egress in
accordance with the guidance in RG 1.197. Margin was added to the test
result values to provide future operating margin. Given the small amount
of measured leakage (i.e., less than 100 cfm), the margin provided is not
intended to cover testing uncertainties. The exclusion of uncertainty in the
license basis leakage values is acceptable per RG 1.197 for CRs with
measured leakages of less than 100 cfm.



LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment I
Page 25 of 91

4.3 Atmospheric Dispersion Factors

Atmospheric dispersion factors (X/Q) used in the LAR were calculated
using plant specific meteorological data and the ARCON96 (Reference
23) and PAVAN (Reference 24) computer codes.

Meteorological Data

Certified meteorological data from the years 1996 through 1999 were
used to calculate atmospheric dispersion factors to support this LAR. A
CD-ROM of these data files is provided in Attachment 5 (see item 10 of
Attachment 5). These four years of data were selected based on quality
of the data, the quantity (i.e., recovery rate) of the data, and the
representation of long term meteorological conditions and seasonal
trends. The data set selected is consistent with RG 1.194 that states five
years of hourly observations are considered representative of long-term
trends at most sites and that one year including all four seasons is the
minimum acceptable. The four-year data set used by Energy Northwest
includes all four seasons for the four consecutive years in the data set
and provides a representative long term trend. This conclusion is
supported by a review performed by a certified meteorologist.

Energy Northwest upgraded much of the Columbia meteorological
instrumentation in 2001. The reliability of the instrumentation during the
period leading up to its replacement adversely affected the quantity and
quality of the meteorological data collected in the years 2000 and 2001,
thus these data were not included in the certified data set. The recovery
rate of the 2002 data significantly improved and exceeded the 90%
recovery rate standard described in Safety Guide 23 (Reference 25);
however, some quality assurance issues were identified with the
surveillances and calibration practices implemented with the installation of
the new instrumentation. As a result of these quality issues, the 2002
data were not included in the certified data set.

The meteorological tower used for collecting the data is located less than
0.5 mile west of the plant site. Instrumentation is provided at the 33' level
and the 245' level.

Calculation of Control Room X/Qs

The ARCON96 computer code was used to calculate the CR X/Qs where X
is the concentration of a radionuclide at a receptor location in Ci/m -air
normalized by the source emission rate Q in Ci/s. Five release points to the
environment were modeled in the ARCON96 runs. These are:
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1. The roofline source is an exhaust fan (short stack) on top of the
reactor building at a height of 229' (70 m) above the ground through
which routine releases take place. Following an accident, the
exhausted air from the reactor building passes through the SGT
filtration system before exiting through the roofline stack. This
source is treated as a ground level point source in the X/Q
calculations.

2. The reactor building vehicle air lock doors (sometimes referred to as
the King Kong, KK, doors) are located at the ground level on the
eastside wall of the reactor building. The analysis assumes some
leakage through these doors to the environment. The vehicle air
lock doors are treated as a rectangular diffuse source that is 23' high
x 20' wide.

3. The reactor building walls (RBWs) from the 606' level to the 670'
level (top of reactor building) are made of metal sheets and are
assumed to be a diffuse source capable of leaking radioactive
materials to the atmosphere. This source is treated as a ground
level release source.

4. The turbine building exhaust system (TBES) is a set of four circular
exhaust fans (short stacks) located on top of the radwaste building
roof. Air from the turbine building is exhausted to the atmosphere
through these four fans. A rectangle was drawn around the four
stacks. The closest point on the perimeter of this rectangle to the
intake was then selected to calculate the distance between the
source (one of the four exhaust fans) and the corresponding intake.

5. Two condensate storage tanks (CSTs), located north of the turbine
building, have a potential to release radioactivity from liquid leakage
originating from the suppression pool and bypassing the reactor
building. (A short discussion of the X/Q calculation for this source is
provided at the end of this subsection. The CST calculation was
performed separately from the above four release points.)

There are three intakes that can draw air into the CR. These are:

1. Local intake point: The local intake point is a louver located on the
west side of the radwaste building wall at an elevation of 527' (26.5
m above the ground).

2. Remote intakes: There are two ground level remote intake points.
Remote intake I is located northwest of the turbine building.
Remote intake 2 is located southeast of the reactor building.
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During normal operation all three are open. During post accident conditions
when the CR is in the pressurization mode (i.e., post LOCA), the local
intake is isolated and the two remote intakes remain open. Although
isolated, some leakage flow through the local intake is conservatively
assumed when calculating the X/Qs for the CR.

Figures 4.3-1 and 4.3-2 provide a three-dimensional view and a plan view,
respectively, of the relative locations of the sources and CR intakes.
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Figure 4.3-1
Three Dimensional Source and Intake Locations

(not to scale - for Illustrative purposes only)
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Figure 4.3-2
Plan View Source and Intake Locations

(not to scale - for Illustrative purposes only)
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Considering the first four sources and the three intakes, ARCON96 was
run twelve times to address the various combinations.

The total filtered intake to the CR is a mixture from the three intakes. The
RG 1.194 provides an equation for calculating an effective X/Q for CRs
with dual intakes. Using this guidance, an effective X/Q was calculated for
the three intakes.

1. Immediately following the design basis LOCA, the CR local intake
is automatically secured and the CR pressurization process begins.
Both trains of the CREF system receive a start signal and one or
both start depending on whether a single failure of one train was
postulated. The flow rate to the CR was measured under three test
conditions: the usual surveillance testing, the system
characterization testing, and the tracer gas testing. The difference
in the intake flow rate results from different test conditions and flow
measurement locations:

* The surveillance testing uses a single train (either A or B) to
draw air into the CR, while keeping both remote intakes
open and the local intake closed. The flow rate was
maintained between 900 and 1000 acfm.

The characterization testing showed that in dual train
operation (both remotes open) the combined flow rate was
1544 acfm. In this same test, dual train operation with a
single remote open, the combined flow rate was 1343 acfm.
The local intake was secured during the tests.

* The tracer gas testing used the alignment of two trains (A
and B) to draw air into the CR, with a single remote intake
open. The flow rate was greater than 1300 scfm. For a
single train only, keeping one remote closed and the other
open, the flow rate was greater than 800 scfm. The local
intake was secured during the test.

The effective XIQs were calculated using high and low bounding
intake flow rates based on the above testing results. The worst-
case effective X/Qs were used in the LOCA analysis.

2. The local CR intake is assumed to leak air into the CR at a rate of
150 cfm of filtered leakage. This value is the leakage limit
acceptance criterion for the intake dampers.

3. Since there are three CR intakes drawing air into the CR with
different flow rates, equation 6b, Section 3.3.2.2 of RG 1.194, was
used to calculate the effective X/Q values. The use of this equation
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was justified because no more than one intake can be within the 90-
degree window from any release point. The 90-degree window is defined
as a wedge centered on the line of sight between the source and the
receptor with the vertex located on the release point, i.e., 45 degrees on
either side of the line of sight. The equation has been slightly modified
(as shown below) to account for the fact that there are three intakes
instead of two:

max[(X) *F tj *F (X) F. 2 ]

Q eff L RI R2

Where: L, R1, R2: denote the Local, Remote-1, and Remote-2
intakes, respectively, and

F: denotes the flow rate.

A summary of the ARCON96 input parameters for the first four of
the five sources listed above is provided in Table 4.3-1.

Table 4.3-1
ARCON96 Input Parameters

King Kong (KK)
Doors Secondary

Source Containment (SC) Reactor Building Walls Turbine Building
Roofline (RL) Stack Bypass (RBWs) Exhaust (TBE)

Receptor - LocalIRem-I Rem-2 Local Rem- 1 Rem-2 Local Rem-1 Rem-2 Local Rem-i1 Rem-2

Sen-1 Sen-2 Sen-3 Sen-4 Sen-5 Sen-6 Sen-7 Sen-8 S Sen-IC Sen-nSen-12
Parameter RL-L RL-R1 RL-R2 KK-L KK-R1 KK-R2 RBW-L RBW-RW RBW-R2 TBE-L TBE-R1fBE-R2

Meteorological Input

Lower Met Tower Sensor Height (m) 10 10 10 10 10 10 10 10 10 10 10 10

Jpper Met Tower Sensor Height (m) 75 75 75 75 75 75 75 75 75 75 75 75

Wind Speed Units mph mph mph mph mph mph mph mph mph mph mph mph

Receptor Input
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Table 4.3-1
ARCON96 Input Parameters

King Kong (KK)
Doors Secondary

Source Containment (SC) Reactor Building Walls Turbine Building
Roofline (RL) Stack Bypass (RBWs) Exhaust (TBE)

Receptor Local Rem-1 Rem-2 Local Rem-1 Rem-2 Local Rem-1 Rem-2 Local Rem-1 Rem-2

(m)

Elevation Difference (m) 0 0 0 0 0 0 0 0 0 0 0 0

Direction to Source (deg) 78.39 137.38 328.28 108.68 141.33 324.67 90 145.61 323.6 90 155.77 311.5

Source Input

Release Type ground ground ground ground ground ground ground ground ground ground ground ground

elease Height Above Ground Level
70 70 70 3.5 3.5 3.5 60.0 60.0 60.0 36.3 36.3 36.3

Building X-sec area (M2) 1787 2861 2861 1787 2861 2861 1787 2861 2861 1787 2861 2861

ertical Velocity (m/s) 0 0 0 0 0 0 0 0 0 0 0 0

tack Flow Rate (m3Is) 2.1 2.1 2.1 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 55 55 55

tackRadius (m) 0 0 0 0 0 0 0 0 0 0 0 0

Default Values

urface Roughness (m) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

nd Direction Window (deg.) 90 90 90 90 90 90 90 90 90 90 90 90

inimum Wind Speed (mIs) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5 0.5 0.5

verage Sector Width Constant 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3

nitial Diffusion Coefficients: Ey (m) 0 0 0 1 0.64 0.58 6.8 10.2 10.2 0.41 0.41 0.41

initial Diffusion Coefficients: z (m) 0 0 0 1.16 1.16 1.16 3.25 3.25 3.25 0 0 0

The effective X/Q results for filtered air intakes with one CREF train in
operation at an assumed flow of 800 cfm are shown in Table 4.3-2.
Values for 900 cfm were also calculated as shown in Attachment 5. The
lower flow rate values resulted in higher doses.

The effective X/Q results for filtered air intakes with dual CREF trains in
operation at an assumed flow of 1300 cfm are shown in Table 4.3-3.
Values for 1600 cfm were also calculated as shown in Attachment 5. The
lower flow rate values resulted in higher doses.
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The X/Qs for the unfiltered air inleakage, taken directly from ARCON96,
are shown in Table 4.3-2 and Table 4.3-2. These X/Qs were calculated
using local air intake as the receptor location. This receptor location was
conservative as it resulted in higher X/Qs than the two remote intakes.
The X/Qs for the unfiltered inleakage are the same in both tables because
they are flow independent.

Table 4.3-2
Filtered CR Intake Flow of 800 cfm

(assumina sinale failure of one CREF train) and Unfiltered inleakaae WIQ (sIm3 1

Filtered Unfiltered

Roofline KK RBW SC Turbine Roofline KK RBW SC Turbine

Stack doors Bypass Building Stack doors Bypass Building

Bypass Bypass

0 - 2 hrs 1.43E-04 3.65E-04 1.99E-04 8.81 E-04 6.95E-04 5.34E-04 8.69E-04 4.70E-03

2 - 8 hrs 1.05E-04 2.89E-04 1.44E-04 3.75E-04 3.36E-04 1.97E-04 4.40E-04 2.OOE-03

8 - 24 hrs 4.14E-05 1.18E-04 5.73E-05 1.93E-04 1.28E-04 8.41 E-05 1.75E-04 1.03E-03

1 - 4 days 3.52E-05 9.83E-05 5.OOE-05 1.50E-04 9.72E-05 7.26E-05 1.38E-04 8.01 E-04

4 - 30 days 3.03E-05 8.61 E-05 4.18E-05 1.44E-04 7.69E-05 7.OOE-05 1.1OE-04 7.69E-04

Table 4.3-3
Filtered CR Intake Flow of 1300 cfm

(assumi g Both Trains Remain on For 30 Days and Unfiltered inleakage xlQ (sIm3)
Filtered Unfiltered

Rooffine KK RBW SC Turbine Roofline KK RBW SC Turbine

Stack doors Bypass Building Stack doors Bypass BuildingSC SC
_ Bypass Bypass

0 - 2 hrs 1.56E-04 3.98E-04 2.17E-04 5.42E-04 6.95E-04 5.34E-04 8.69E-04 4.70E-03

2 - 8 hrs 1.15E-04 3.15E-04 1.57E-04 2.31 E-04 3.36E-04 1.97E-04 4.40E-04 2.OOE-03

8 - 24 hrs 4.51 E-05 1.28E-04 6.24E-05 1.19E-04 1.28E-04 8.41 E-05 1.75E-04 1.03E-03

1 - 4 days 3.83E-05 1.07E-04 5.44E-05 9.24E-05 9.72E-05 7.26E-05 1.38E-04 8.01 E-04

4 - 30 days 3.30E-05 9.38E-05 4.56E-05 8.87E-05 7.69E-05 7.OOE-05 1.10E-04 7.69E-04

A X/Q for the CST source is needed for the calculation of the radiation
dose due to the secondary containment liquid leakage bypass. An
additional ARCON96 run was performed to determine the X/Q for the CST
source. The CST is a set of two tanks located north of the turbine
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building. The CR remote intake 1 is the closest of the three intakes to the
CST source. For conservatism, the X/Q calculation assumed the receptor
intake was the remote intake 1. The results of the ARCON96 run are in
Table 4.3-4.

Table 4.3-4
XIQ Values from the CST to

Remote-1 Intake

Time Period XIQ (s/m3)

0-2 hrs 4.18E-04

2 -8 hrs 1.59E-04

8 - 24 hrs 6.31 E-05

1 - 4 days 5.78E-05

4 - 30 days 5.57E-05

Calculation of Exclusion Area Boundary (EAB) and Low Population Zone
(LPZ) ,/Qs

The PAVAN computer code was used to calculate the X/Q values for the
EAB and LPZ. This methodology is consistent with RG 1.145 (Reference
26).

The following data were used as input to PAVAN.

1. Since the roofline stack is not two and one-half times higher than
adjacent buildings, the ground level release mode was used.

2. Distance to the EAB is 1950 m.

3. Distance to the LPZ is 4827 m.

4. Reactor building height is 69.8 m.

5. Reactor building cross-sectional area is 2861 m2 calculated using
the smallest width of the wall.
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6. The four hourly joint frequency data (JFD) files for the years
1996-1999 were added to generate a single hourly JFD file
representing that period of time. Eleven wind-speed categories
were used in those JFDs.

7. The calm wind category was distributed separately from the other
eleven wind speed categories.

8. The option to use both desert sigma and Pasquill - Gifford sigma
was activated in PAVAN, then the highest X/Q was selected.

9. The default terrain adjustment factor was used.

PAVAN uses three procedures to calculate X/Q for the EAB and LPZ.

1. The 0.5-percent procedure

2. The SRP 2.3.4 procedure, and

3. The 5-percent site limit procedure.

Consistent with RG 1.145 only two of the three PAVAN procedures (1 and
3) were used. The results were compared and the X/Q values from the
0.5-percent procedure were slightly higher than those from the 5-percent
site-limit procedure; therefore, the 0.5-percent X/Q values were selected.
Table 4.3-5 summarizes the results of X/Q values calculated with the
PAVAN computer code.

Table 4.3-5
P.A V AN A nalvsis Results

Time Period EAB gqQ LPZ /Q
(sIm ) (slm )

0 - 2 hrs 1.81 E-4

0-8hrs - 4.95 E-5

8 -24 hrs - 3.69 E-5

I - 4 days - 1.95 E-5

4 - 30 days - 7.81 E-6
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4.4 Loss of Coolant Accident

4.4.1 Introduction and Background

Columbia is a BWRI5 with a Mark II containment. The rated power
is 3486 MWt. This value is increased by 2% to 3556 MWt in the
analysis described below to account for power measurement
uncertainties. The core inventory used to develop the source term

for the LOCA analysis is based on an adjusted plant-specific pre-
1995 ORIGEN 2 run. The Columbia Mark II containment consists
of two compartments. The two compartments are connected by a
vent system that allows steam released from the reactor vessel
(located in the drywell) to flow into the suppression pool. Drywell
sprays are credited for reducing primary containment pressure and
scrubbing the drywell atmosphere. Manual initiation of drywell
sprays is assumed to occur 15 minutes after the LOCA. Primary
containment leakage is limited by TS to 0.5% volume per day.
Because of post-accident containment depressurization, this
leakage rate will decrease with time. A factor of two reduction in
the leak rate after 24 hours is assumed in this analysis. Prior to the
completion of the secondary containment drawdown, the
containment leakage is assumed to go directly to the environment.
After the 20-minute drawdown period, filtration of the leakage is
credited; however, no credit is taken for holdup in secondary
containment.

Two sources of containment leakage that bypass the secondary
containment are the MSIV leakage and the miscellaneous bypass
leakage. The proposed TS allowable MSIV leakage limit of 16.0
scfh per valve (adjusted for peak accident containment pressure)
was assumed. For secondary containment bypass leakage, the
proposed TS allowable limit of 0.04% primary containment volume
per day was assumed. These leakage rates are reduced by a
factor of two after 24 hours because of post-accident containment
depressurization.

Natural deposition of radioactive particulates is credited for three of
the four main steam lines. Since a single failure of an outboard
MSIV in one steam line is assumed, natural deposition is not
credited in this line.

Maintaining the suppression pool pH above 7.0 serves to improve
its iodine retention capability and reduces the amount of radioactive
iodine available for release in the design basis LOCA. Buffering of
the suppression pool by the SLC system is credited to maintain the
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pH of the suppression pool above 7.0. The initiation of the SLC
system is a manual action.

The radiological dose to the CR operators during the postulated
design basis LOCA is mitigated by the integrity of the CRE and
operation of the CREF system. The doses calculated in this AST
evaluation are based on the limiting combinations of unfiltered
leakages and filtered intake flows coupled with conservatively
selected X/Qs.

The STARDOSE computer code is used to calculate the dose to
the CR operator as well as the doses at the EAB and LPZ.

The bounding radiological analysis for the LOCA event detailed in
this section reflects an inadequate core cooling accident that
degrades to core damage. Unlike the current licensing basis, this
event is not prescribed as a mechanistic double-ended guillotine
break of the recirculation system pump suction piping.

The key parameters used in the design basis AST LOCA analysis
are listed in Table 4.4-1.

Table 4.4-1
Key Parameters for AST LOCA Analysis

Columbia Design Input Parameter Parameter Value

Core power 3556 MWt
Secondary containment drawdown 20 minutes
time______________________
Drywell spray initiation time 15 minutes

0.54% drywell volume per day (secondary
Volumetric flow rate, drywell to containment bypass before drawdown)
environment (Non-MSIV) 0.04% drywell volume per day (secondary

containment bypass after drawdown)
0.54% wetwell volume per day (secondary

Volumetric flow rate, wetwell to containment bypass before drawdown)
environment 0.04% wetwell volume per day (secondary

containment bypass after drawdown)
Volumetric flow rate, drywell to 0% drywell volume per day (before drawdown)
secondary containment 0.5% drywell volume per day (after drawdown)
Volumetric flow rate, wetwell to 0% wetwell volume per day (before drawdown)
secondary containment 0.5% wetwell volume per day (after drawdown)
Volumetric flow rate, secondary 5000 cfm (before drawdown)
containment to environment through 5000 cfm (after drawdown)
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Table 4.4-1
Key Parameters for AST LOCA Analysis

SGT
Volumetric flow rate, secondary
containment to environment 50 cfm (after drawdown)
bypassing SGT filters
Volumetric flow rate, ESF leakage I gpm (analyzed as 2 gpm)
into secondary containment
Volumetric flow rate, drywell to Based on 16 scfh at test pressure of 2 25 psig per
environment via the main steam lines valve

0% for all species before drawdown
Filter efficiencies for SGT 99% for all species except noble gases after

drawdown
0% for noble gases
99% for particulates

Filter efficiencies for CREF 95% for elemental and organic iodines
0% for noble gases

Volume of CR 214,000 ft3

0-24hrs: 1
CR occupancy factor 1 - 4 days: 0.6

4 - 30 days: 0.4
Breathing rate (CR) 0-30 days: 3.5E-4 m3/sec

CREF filtered intake flow Single CREF: 800 cfm (minimum)Both CREF: 1300 cfm (minimum)

CR unfiltered flow Single CREF: 50 cfm
Both CREF: 75 cfm
0 - 8 hrs: 3.5E-4 m3/sec

Breathing rate (both EAB and LPZ) 8 - 24 hrs: 1.8E-4 m3/sec
1 - 30 days: 2.3E-4 m3/sec

Effective x/Qs for CR See Tables 4.4-2 and 4.4-3

X/Q, CST See Table 4.3-4
X/Q. EAB and LPZ See Table 4.3-5
Dose conversion factors Based on FGR 11 and FGR 12 (defaults forDoseconvrsio facorsADTRAD)
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Table 4.4-2
Effective X/Qs (seelmi3 ) for Control Room with 800 cfm intake flow

(single-train CREF, min flow)
(based on values from Table 4.3-2)

Filtered Unfiltered

Time Frame Turbine SC Roofline Turbine SC Roofline
Building Bypass Stack Building Bypass Stack

o - 2 hrs 8.81 E-04 2.82E-04 1.43E-04 4.70E-03 7.02E-04 6.95E-04

2 - 8 hrs 3.75E-04 2.17E-04 1.05E-04 2.OOE-03 3.19E-04 3.36E-04

8 - 24 hrs 1.93E-04 8.77E-05 4.14E-05 1.03E-03 1.30E-04 1.28E-04

1 - 4 days 1.50E-04 7.42E-05 3.52E-05 8.01E-04 1.05E-04 9.72E-05

4 - 30 days 1.44E-04 6.40E-05 3.03E-05 7.69E-04 9.OOE-05 7.69E-05

* Average of 'KK doors SC bypass" and 'RBW SC bypass"

Table 4.4-3
Effective XIQs (sec/m 3) for Control Room with 1300 cfm intake flow

(two-train CREF, min flow)
(based on values from Table 4.3-3)

Filtered Unfiltered

Time Frame Turbine SC Roofline Turbine SC Roofline
Building Bypass Stack Building Bypass Stack

0 - 2 hrs 5.42E-04 3.08E-04 1.56E-04 4.70E-03 7.02E-04 6.95E-04

2 - 8 hrs 2.31E-04 2.36E-04 1.15E-04 2.OOE-03 3.19E-04 3.36E-04

8 - 24 hrs 1.19E-04 9.52E-05 4.51 E-05 1.03E-03 1.30E-04 1.28E-04

1 - 4 days 9.24E-05 8.07E-05 3.83E-05 8.01 E-04 1.05E-04 9.72E-05

4 - 30 days 8.87E-05 6.97E-05 3.30E-05 7.69E-04 9.OOE-05 7.69E-05

*Average ot 'KK doors SC bypass' and 'RBW SC bypass"

4.4.2 Source Term

The source term used for the design basis LOCA analysis is
defined by the quantity, type, and timing of the release of
radioactivity from a damaged reactor core to the containment. The
core inventory is provided in Table 4.4-4 and the release rates are
shown in Table 4.4-5. These inventories are based on an adjusted
plant-specific pre-1995 ORIGEN 2 run. The three adjustments
were:
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* A scale factor to bound the power level to 3556 MWt,

* A correction to increase selected krypton values (based on
comparisons to other core inventory tables), and

* An increase in the activity of longer lived isotopes.

These adjustments resulted in a conservative source term (in terms
of activity available). The assumed core power of 3556 MWt is the
licensed power increased by 2% to account for power
measurement uncertainties in accordance with SRP Section 15.6.5
(Reference 27).

Table 4.4-4
Core Inventory at Time Zero

Nuclide Ci/Mwt Nuclide CUMWt Nuclide CUMWt
Kr83m 3.57E+03 11 34Part 6.03E+04 Y93 3.56E+04
Kr85m 7.35E+03 11 35Part 5.03E+04 Zr95 4.27E+04
Kr85 4.11 E+02 Rb86 4.47E+01 Zr97 4.33E+04
Kr87 1 .34E+04 CsW34 6.27E+03 Nb95 4.27E+04
Kr88 1 .90E+04 CsW36 1 .39E+03 La140 4.71 E+04
Kr89 2.20E+04 Cs137 5.05E+03 La141 4.36E+04

Xe131m 2.79E+02 Sb127 3.31 E+03 La142 4.17E+04
Xel 33m 1.66E+03 Sb129 9.48E+03 Pr143 3.78E+04
Xe133 5.43E+04 Tel 27m 4.66E+02 Nd147 1.71 E+04

Xe135m 1.11E+04 Te127 3.31 E+03 Am241 7.67E+00
Xe135 1.31 E+04 Te129m 1.39E+03 Cm242 1.74E+03
Xe137 4.65E+04 Te129 8.90E+03 Cm244 1.41 E+02
Xe138 3.59E+04 Te131m 4.20E+03 Ce141 4.43E+04

1131 Org 2.79E+04 Te132 3.99E+04 Ce143 4.01 E+04
11 320rg 3.94E+04 Ba137m 3.01 E+03 Ce144 3.25E+04
11 330rg 5.44E+04 Ba139 4.72E+04 Np239 7.01 E+05
11 340rg 6.03E+04 Ba140 4.58E+04 Pu238 9.56E+01
11350rg 5.03E+04 Mo99 4.90E+04 Pu239 1.89E+01

1131 Elem 2.79E+04 Tc99m 4.34E+04 Pu240 3.11 E+01
1132EIem 3.94E+04 Ru1O3 4.70E+04 Pu241 8.85E+03
1133Elem 5.44E+04 RuOM5 3.46E+04 Sr89 2.02E+04
1134EIem 6.03E+04 Ru106 2.04E+04 Sr90 3.34E+03
135Elem 5.03E+04 Rh105 3.27E+04 Sr91 2.59E+04
1131 Part 2.79E+04 Y90 2.04E+03 Sr92 3.01 E+04
11 32Part 3.94E+04 Y91 2.73E+04
1133Part 5.44E+04 [ Y92 2.90E+04
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Table 4.4-5
r Release Rates For The Core Inventorv*

Release Phase Fraction of Core Inventory Released

Per Hour Total

0 - 0.033 hours No Release

Gap release Gases Xe, Kr 1.OE-1lhr 5.OE-2
0.033 - 0.533 hours Elemental I 4.9E-3/hr 2.4E-3

Organic I 1.5E-4/hr 7.5E-5
Aerosols I, Br 9.5E-2/hr 4.8E-2

Cs, Rb 1.OE-1/hr 5.OE-2
Fuel release Gases Xe, Kr 6.3E-1/hr 9.5E-1
0.533 -2.033 hours Elemental I 8.1E-3/hr 1.2E-2

Organic I 2.5E-4/hr 3.8E-4
Aerosols I, Br 1.6E-1/hr 2.4E-1

Cs, Rb 1.3E-1/hr 2.OE-1
Te Group 3.3E-2/hr 5.OE-2
Ba, Sr 1.3E-2/hr 2.OE-2
Noble Metals 1.7E-3/hr 2.5E-3
La Group 1.3E-4/hr 2.OE-4
Ce Group 3.3E-4/hr 5.0E

*Consistent with RG 1. 183, two core inventory release phases were
modeled following a 120 second (0.033 hours) delay.

4.4.3 Mitigation

The radiological consequences of the LOCA are actively mitigated
by several safety-related systems. The CREF system is credited
for the mitigation of the dose to the CR operator. The isolation of
the CR and the initiation of the CREF system are automatic in
response to an accident (FAZ) signal.

* F High Drywell Pressure
* A Low-Low Reactor Water Level
* Z High Radiation Reactor Building Exhaust

Both CR remote intakes are normally open. For the licensing basis
case, only one train of CREF is credited. From the CR inleakage
USQ discussion above, 50 cfm of unfiltered inleakage is assumed
for a single CREF train scenario. Filtered intake flow of 800 cfm for
CR pressurization is assumed with CREF filter efficiencies of 95%
for the gaseous iodine species and 99% for the particulates. No
manual actions are credited in the analysis relative to the CREF
system.
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The SGT system is credited for the mitigation of the radiological
releases. Credit for the SGT system is delayed for the first 20
minutes while a negative pressure condition is being established in
secondary containment. The basis for this 20-minute drawdown
time is provided in the secondary containment drawdown
discussion. Releases into the reactor building during the first 20
minutes are assumed to be directly exhausted to the environment
as a ground level release with no filtration or hold-up. After 20
minutes, these releases are filtered by the SGT system.

Manual operator actions are credited for the actuation of drywell
spray and the initiation of the SLC system. The manual actuation
of drywell spray is assumed to occur within the first 15 minutes.
This manual action is performed from the CR and is procedurally
required. This is not a new manual action and the timing is
bounded by the current licensing basis. Drywell spray is credited
for scrubbing the primary containment atmosphere for the purpose
of removing radioactive particulates and elemental iodine. The
activity removed is assumed to be washed into the suppression
pool. Credit for drywell spray for particulate removal is assumed for
the time period of 15 minutes through 24 hours.

The manual injection of boron via the SLC system is credited for
suppression pool pH control. The maintenance of a suppression
pool pH level above 7.0 is important to prevent re-evolution of
iodine from the suppression pool water. This use of SLC is
consistent with several other BWR submittals using AST. This is a
new design basis requirement for SLC at Columbia. No hardware
changes are necessary to implement this new requirement. The
initiation of SLC is performed from the CR and is not a new manual
action. New procedural guidance is required to address reliance on
SLC for pH control. The appropriate procedural guidance will be
established during the implementation of the LAR. (See section
4.8.1 for additional information on the SLC system and the
justification for the use of SLC in this application.)

The main steam lines are seismically qualified up to the turbine
stop valves. However, for conservatism, only the main steam line
piping between the two MSIVs is credited for natural deposition
(plateout). Additionally, to accommodate a postulated single failure
of an MSIV to close, credit is taken for only three of the four steam
lines. For the three credited lines, natural deposition was
calculated according to AEB-98-03 (Reference 28) and a modified
Bixler approach for gaseous iodine removal. For conservatism, the
Bixler model was modified by adopting the AEB-98-03 well-mixed
flow expression for gaseous iodine removal.
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The assumed leakage rate from the primary containment and
leakage via the MSIVs are reduced by a factor of two after 24
hours into the event. The reduction of this leakage rate is based on
the ability of drywell spray to substantially reduce containment
pressure within the first 24 hours of the event (see Assumption 2 of
LOCA calculation in Attachment 5). Credit for reduction of primary
containment leakage is consistent with the guidance in RG 1.183.

4.4.4 Radiological Transport Modeling

The radiological release model developed to calculate LOCA doses
is shown in Figure 4.4-1. This model consists of seven control
volumes.

CORE Damaged core and reactor cooling system
DW Drywell portion of the primary containment
WW Wetwell portion of the primary containment
SP Suppression pool
SPesf Suppression Poolesf (solely for modeling ESF

leakage)
RB Reactor building or secondary containment
CST Condensate storage tanks
CR Control room

The CST volume was included for the purpose of determining the
significance of this source. Various junctions (flow paths) are
modeled between and from the volumes. These junctions are
associated with volumetric flows that determine the rate at which
radioactivity is exchanged between the control volumes. In
addition, removal processes such as deposition in pipes and
filtration are modeled within and between the control volumes, as
appropriate.
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Figure 4.4-1
Release Model
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A discussion of the pertinent aspects of these volumes and
junctions is provided below.

Primary Containment - includes the Core. Drywell. Wetwell and
Suppression Pool

The core volume is used to model the release of radioactivity to the
drywell (Path 1) and to the suppression POOlesf (Path 2) in parallel.
Total release fractions were assumed to go through Path 1. To
properly address ESF leakage, the total iodine release fractions
were also assumed to go the suppression poolesf. The release of
iodines to the suppression poolesf was conservatively assumed to
occur within the first two hours. The elemental and organic iodine
released to the suppression poolesf was doubled to meet the
relative ratio and percentage specified in RG 1.183 for ESF
leakage.
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Consistent with RG 1.183, the containment spray system was
credited for a reduction in containment airborne activity. Credit was
taken for drywell spray, relative to scrubbing the drywell
atmosphere, for the first 24 hours of the event. Drywell spray
initiation was assumed to occur at 15 minutes into the event. The
crediting of drywell spray initiation in 15 minutes is reasonable
relative to the FSAR analysis for ECCS performance and
containment pressure response that assumes drywell spray
initiation in 10 minutes. Reasonable assurance of the timeliness of
this action is provided by two separate currently existing
procedures.

* The emergency operating procedures (EOPs) direct the
operator to initiate drywell sprays for containment pressure
control if the drywell pressure exceeds 12 psig. The peak
containment pressure for a design basis LOCA analysis
would rapidly exceed this threshold.

* The Severe Accident Guidelines (SAGs) direct the operators
to initiate drywell spray at a radiation level of greater than
14,000 rads/hour in the drywell. The AST LOCA calculation
shows the radiation level in the drywell would exceed this
threshold in a few minutes after the start of the gap release.

The drywell and wetwell are connected by downcomers and
vacuum breakers, which allow steam relayed from the reactor to
the drywell to flow to the suppression pool. Non-condensables
could then collect in the wetwell gas space above the pool. When
the drywell pressure is reduced by condensation (principally due to
spray operation), a portion of these non-condensables will return to
the drywell (Path 4). The suppression pool scrubbing of activity
carried to the suppression pool by this process is not credited in
this analysis.

Guidance from RG 1.183 and SRP Section 6.5.2 Revisions 1 and 2
was used to calculate removal rates. No credit for natural
deposition in the drywell is taken, even when the sprays are not
operating. The calculated removal rates are listed in Table 4.4-6.
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Table 4.4-6
Aerosol Drvwell Sorav Removal RatesAeoo Tal 4 ,__.4- _,

Time DW Spray Removal
Frame Rate (1/hr)

0 - 0.25 hr 0

0.25 - 2.44 hr 6.20

2.44 - 24 hr 0.62

24 - 720 hr 0

Leakage from the containment was modeled as 0.50% of the
combined drywell (Path 5) and wetwell (Path 6) volumes per day.
Prior to the completion of the secondary containment drawdown,
this leakage was released directly to the environment. After
drawdown (20 minutes), this leakage was filtered by the SGT
system (Path 7) prior to being released to the environment. The
assumed leakage rate from the primary containment was reduced
by a factor of two after 24 hours into the event. Credit for this
reduction of primary containment leakage is consistent with the
guidance in RG 1.183.

Reactor Building Volume

The reactor building has a large free volume, but it was not credited
for holdup. For modeling purposes, the SGT system was assumed
to have a flow rate of 5000 cfm. During the drawdown period (i.e.,
the first 20 minutes), the secondary containment function was
assumed to be completely bypassed. The SGT system filter
efficiency for all forms of iodine and for particulates is 99%. A filter
bypass of 50 cfm was also assumed. This reduces the filter
efficiency to an effective value of 98%.

Secondary Containment ByDass Leakages

Two sources of leakage from the primary containment bypass
secondary containment. These are MSIV leakage (Paths 8 and 9)
and miscellaneous leakages (Path 10). From a dose contribution
perspective, MSIV leakage is the more significant source of
secondary containment bypass leakage. A new limit of 16 scffh per
valve, or 64 scffh for four steam lines, at a test pressure of 39.7 psia
(25 psig) is proposed in the TS change submitted with the LAR.
This limit translates to an 8.3 cffh volumetric flow rate per



LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment 1
Page 47 of 91

penetration at the accident conditions of 52.1 psia (37.4 psig)
maximum drywell pressure and a temperature of 2830F. Credit for
natural deposition within the main steam lines was taken. To
accommodate a postulated single failure of an MSIV to close, credit
for natural deposition was taken for only three of the four steam
lines. MSIV leakage was reduced by a factor of two at 24 hours.

The second source of bypass leakage, miscellaneous leakage
paths, was assumed to equal the proposed TS limit of 0.04%
primary containment volume per day at peak accident pressure.
The supporting LOCA analysis was based on this limit for the first
24 hours. Consistent with the treatment of MSIV leakage, this
leakage value was reduced by a factor of two at 24 hours.

No credit was taken for the main steam line leakage control
system. The operability requirements for this system are being
removed as part of the proposed TS changes.

ESF Leakage

Two sources of potential ESF leakage (Path 3) were included in the
release model. The first is ESF system leakage directly into
secondary containment. The current design basis assumes a
value of one gpm. Consistent with RG 1.183, this value was
increased by a factor of two. Leakage was assumed to start at t =
15 minutes after the event.

The second source of potential ESF leakage is into the CST.
During the operation of high pressure core spray (HPCS) or reactor
core isolation cooling (RCIC) systems aligned to the suppression
pool, radiological impact of leakage into the CST through the CST
suctions and test returns has been evaluated (Path 14). The
contribution of the CST to the calculated doses (Path 15) is not
significant and is not included in the dose results reported at the
end of this section.

Control Room

The CR volume models the intake of activity from the environment
for the purpose of calculating the dose to the control room
operators. For the licensing basis case, one CREF train was
assumed to fail at time zero leaving one train operating at 800 cfm
(Path 11). The assumed CREF filter efficiencies were 95% for the
gaseous iodine species and 99% for the particulates. The
unfiltered inleakage for the single CREF train scenario was 50 cfm
(Path 12). The CR exit flow rate (Path 13) is the sum of filtered and
unfiltered incoming flow rates (Paths 11 and 12).
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From a single failure perspective, the assumption of a single failure
in the CREF system was conservative since this failure was
analyzed as occurring simultaneously with the postulated single
failure of an MSIV to close. The dose consequences associated
with a single failure of a MSIV to close bound the consequences
associated with a single failure of the CREF and the two failures
are independent. Nonetheless, for conservatism, the mitigation of
the LOCA with credit for only one CREF train is presented as the
licensing basis case.

Two additional cases were evaluated. In these cases, both CREF
trains were assumed to start as designed. In the first case, the CR
operator was assumed to secure one of the two trains, eight hours
after the start of the accident. In the second case, both trains were
assumed to operate for the 30-day duration of the accident. The
two-train filtered intake flow rate of 1300 cfm and an unfiltered
inleakage of 75 cfm were used for these cases. The CR dose
calculated for both of these scenarios is bounded by the single train
licensing basis case discussed above. Securing a CREF train
(when two trains are in operation following a design basis LOCA)
before 8 hours could increase the dose to the operator. To
preclude this undesirable operator action, the appropriate plant
procedure(s) will be revised to prohibit the securing of a CREF train
within the first 10 hours of the design basis LOCA.

Summary of Release Model

The general assumptions are:

* No credit for MSLC,

* Credit for spray removal in the drywell,

* No credit for natural deposition in containment,

* 0.50% volume per day primary containment leakage to the
reactor building. This leakage rate is reduced by a factor of
two at 24 hours,

* 0.04% volume per day primary containment leakage
bypassing the reactor building. This leakage rate is reduced
by a factor of two at 24 hours,
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* MSIV leakage based on the TS leakage limit. Credit is taken
for aerosol and iodine deposition in the three intact steam
lines. MSIV leakage is reduced by a factor of two at 24
hours,

* 2 gpm of ESF leakage into secondary containment,

* Secondary containment drawdown time of 20 minutes,

* SGT system flow of 5000 cfm, with 50 cfm bypassing the
filters,

* SGT filters: 99% efficient for all species except noble gases,

* No credit for holdup in the secondary containment, and

* CR air intake filters: 95% efficient for gaseous iodine, 99%
for particulates.

4.4.5 Results - Control Room Operator Dose

The STARDOSE computer code (Reference 29) was used to
determine the CR operator dose. Dose Conversion Factors (DCFs)
from the Federal Guidance Report 11 and 12, defaults for
RADTRAD (Reference 30), were used in STARDOSE. Table 4.4-7
shows the proposed licensing basis dose limit compared to the
regulatory limit. Table 4.4-8 shows the non-license basis scenario
results.

A confirmatory analysis using RADTRAD for the licensing basis
case was performed. The results of this confirmatory analysis
showed good agreement with the STARDOSE results.

Table 4.4-7
LOCA CR Operator Dose

Licensing Basis Case

Regulatory
Limit

Scenario TEDE (TEDE)

Single failure of one CREF train 3.5 rem 5 rem
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Table 4.4-8
LOCA CR Operator Dose

Non-Licensing Basis Scenarios

Regulatory
Limit

Scenario TEDE (TEDE)

Both CREF trains start and run for
30 days 3.2 rem 5 rem

Both CREF trains start and one is
manually secured at eight hours 3.4 rem 5 rem

Sensitivity calculations were performed to evaluate the significance
of dose contributions from ESF leakage to the CST and also for
shine from the CREF filters. These calculations are included in the
AST LOCA analysis in Attachment 5. Dose contribution from the
CST is negligible, increasing CR operator dose by less than 1%.
Dose contribution due to CREF filter shine is also negligible,
approximately 1%.

Consistent with RG 1.183 Appendix A, item 4.2.1, a separate
calculation was performed to assess the CR operator dose from
shine dose from the reactor building, primary containment, and the
plume outside the CR. These contributions were also shown to be
negligible, less than .03% (Reference 31).

4.4.6 Results - Offsite Doses

The STARDOSE computer code was used to determine the offsite
dose. Dose Conversion Factors (DCFs) from the Federal
Guidance Report 11 and 12, defaults for RADTRAD, were used in
STARDOSE. Table 4.4-9 shows the proposed licensing basis dose
limit compared to the regulatory limit.

A confirmatory analysis using RADTRAD for the licensing basis
case was performed. The results of this confirmatory analysis
showed good agreement with the STARDOSE results.
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Table 4.4-9
LOCA Offsite Doses

Regulatory
Limit

TEDE (TEDE)

EAB Dose* 4.1 rem 25 rem

LPZ Dose 4.0 rem 25 rem

* The EAB dose represents the maximum 2-hour TEDE over the accident
period.

A sensitivity calculation was performed to evaluate the significance
of the dose contribution from ESF leakage to the CST. The
calculation is included in the AST LOCA analysis in Attachment 5.
The dose contribution from the CST is negligible. The impact to
the 30-day LPZ dose is less than 2%.

4.4.7 Conclusion

The LOCA CR operator dose is below the 5 rem TEDE regulatory
limit and the offsite doses are well below the 25 rem TEDE
regulatory limit.

4.5 Main Steam Line Break

4.5.1 Introduction and Background

The postulated MSLB accident assumes a double-ended break of
one main steam line outside the primary containment. The
assumed displacement of the pipe ends permits a maximum
blowdown rate. The mass of coolant released is the amount in the
steam line and connecting lines at the time of the break plus the
amount passing through the MSIVs prior to closure (6 seconds). A
total of 130,000 Ibm of blowdown is released as documented in the
current licensing basis. The quantity of blowdown is not affected
by the application of the AST methodology to this event.

The release of steam to the environment resulting from the MSLB
is assumed to be an instantaneous ground level puff. The
methodology used to establish the puff transit time and the
normalized concentration as a function of distance traveled is
consistent with RG 1.194. The initial volume of the puff is
established by the amount of steam released by the MSLB and by
flashing a portion of the entrained liquid. The volume of the puff
was calculated to be approximately 5.9E4 mi3.
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The puff centerline passes directly over the local CR air intake. No
credit is taken for expansion in the vertical (z) direction in
performing the normalized concentration integration.

Two source term cases for the released coolant are considered.
One is a pre-accident spike case of 4 ltCi/gm dose equivalent (DE)
1-131 and the second is a maximum equilibrium case of 0.2 JACi/gm
DE 1-131. These source term assumptions are consistent with RG
1.183.

The key parameters used in the MSLB analyses are shown in
Table 4.5-1.
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Table 4.5-1
Key Parameters for AST MSLB Analysis

Columbia Design Input Parameter Parameter Value

MSIV closure time 6 sec

Liquid release from MSLB 105,000 Ibm

Steam release from MSLB 25,000 Ibm

Reactor coolant system pressure 1060 psia

Reactor coolant system temperature 5520F

Distance from MSLB release point
(assumed to be the closest blowout panel, 200' (61 m)
panel A) to local CR intake

Puff volume 5.9E+04 m3

Plume transit velocity I m/s

Maximum equilibrium iodine concentration 0.2 ptCi/gm DE 1-131

Pre-accident spike iodine concentration 4.0 glCi/gm DE 1-131

Radioactivity release rate to environment Instantaneous

Volume of CR 214,000 ft3

CR occupancy factor 1

CR normal, unfiltered makeup flow 1100 cfm

Breathing Rate (both CR and offsite) 3.5E-4 m3/sec

X/Q, CR (puff model) 8.19E-4 sec/M 3

X/Q, EAB 1.81 E-4 sec/M 3

x/Q, LPZ 4.95E-5 sec/M 3

Dose conversion factor for 1-131 CEDE 32,893 rem/Ci
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4.5.2 Source Term

The fission product inventory available for release was based on
the maximum equilibrium reactor coolant DE 1-131 concentration of
0.2 p.Ci/gm. This is the limit specified in TS LCO 3.4.8. In addition
to the maximum equilibrium case, RG 1.183 requires a pre-
accident iodine spiking case. To account for iodine spiking, the
equilibrium level of DE 1-131 was increased by a factor of 20 to
achieve a spiking concentration of 4.0 pCi/gm. No fuel damage
was postulated for the MSLB.

The methodology and assumptions used to calculate the total
number of curies in the source term are consistent with RG 1.183
and the current licensing basis. The activity (in the terms of
DE 1-131) in the mass of the initial liquid blowdown was assumed to
be released to the atmosphere instantaneously, as a ground level
release, and no credit was taken for plateout, holdup, or dilution
within facility buildings. For example, the DE 1-131 total activity
release for the iodine spiking case is 4 pCi/gm x 105,000 Ibm
(mass of the initial liquid blowdown) x 454 gm/lbm /1 E6 pCi/Ci =
191 Ci.

4.5.3 Mitigation

The only mitigative action credited for the MSLB event was the
termination of the release upon the automatic closure of the
MSIVs. The MSIV closure time was assumed as 6 seconds. The 6
second closure time is consistent with the current licensing basis
and is supported by TS SR 3.6.1.3.6. This surveillance requires
the performance of periodic stroke time tests with an acceptance
criteria of greater than or equal to 3 seconds and less than or equal
to 5 seconds.

The CR ventilation was assumed to remain in the normal mode.
The local air intake is used for analyzing dispersion. There is no
accident signal credited to start emergency CR ventilation. No
credit was taken for operator actions. The MSIV isolation actuates
on a high flow signal. The CR ventilation normal intake flow was
unfiltered.

4.5.4 Radiological Transport Modeling

The release of steam resulting from the MSLB (through blowout
panels in the steam tunnel) was assumed to be an instantaneous
ground level puff. The release point was assumed to be blowout
panel A. It was assumed that the plume translates directly to the
local CR intake which is closest to the assumed release location.
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During normal operations, flow is through the local CR intake
combined with flow from the remote intakes. The analysis
assumed all 1100 cfm (maximum normal) of unfiltered supply air
enters through the local intake. Other release locations and plume
paths, such as a release via the turbine building, were considered
in the MSLB calculation (Attachment 5). These sensitivity
evaluations concluded the blowout panel A release point was
bounding.

The RG 1.194 methodology was used to establish the puff transit
time, normalized concentration as a function of distance traveled in
the downwind or "x" direction, and the time-integrated normalized
centerline concentration. Equation 10 of RG 1.194 was used to
calculate the CR X/Q. Puff initial volume was established by the
amount of steam released by the MSLB and by the flashing of a
portion of the entrained liquid. The puff from the steam release
(including the flashed steam) was assumed to be released at
ground level with an initial volume corresponding to standard
atmospheric conditions. No buoyancy was considered.

All the activity in the liquid was assumed to be released into the
puff. The time required for the plume to transit to the local CR air
intake was based on the plume moving with a horizontal velocity of
1 m/s. The puff centerline is assumed to pass directly over the
local CR air intake. No credit is taken for expansion in the vertical
"z" direction in performing the normalized concentration integration.

4.5.5 Results - Control Room Operator Dose

The STARDOSE computer code was used to determine the CR
operator doses and are shown in Table 4.5-2.

Table 4.5-2
MSLB CR Operator Doses

Regulatory
Limit

Source Term Case TEDE (TEDE)

Dose with maximum equilibrium iodine 0.1 rem 5 rem

Dose with pre-accident iodine spiking 1.8 rem 5 rem
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4.5.6 Results - Offsite Doses

The offsite doses were calculated manually using the formula:

Dose (rem) = [Activity Release (Ci)] x [X/Q (s/M3)] x [Breathing
Rate (m3/s)] x [Dose Conversion Factor (rem/Ci)]

The offsite dose calculation assumes a direct unfiltered release to
the environment; but because of the greater distances to the EAB
and LPZ boundary, the dispersed release is assumed to be a
continuous plume, modeled with PAVAN. Plume dilution due to
buoyancy is not credited.

Resulting offsite doses are shown in Table 4.5-3 and Table 4.5-4.

Table 4.5-3
MSLB Offsite Doses

(Doses with maximum equilibrium iodine)

Regulatory
Limit

TEDE (TEDE)

EAB Dose 2.OE-2 rem 2.5 rem

LPZ Dose 5.5E-3 rem 2.5 rem

Table 4.5-4
MSLB Offsite Doses

(Doses with pre-accident iodine spiking)

Regulatory
Limit

TEDE (TEDE)

EAB Dose 0.40 rem 25 rem

LPZ Dose 0.11 rem 25 rem
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4.5.7 Conclusions

The MSLB CR operator dose for the maximum equilibrium case is
a small fraction of the 5 rem TEDE regulatory limit. The dose for
the pre-accident iodine spike case is also well below the 5 rem
TEDE regulatory limit.

The MSLB offsite doses for the maximum equilibrium case are a
small fraction of the 2.5 rem TEDE regulatory limit. The dose for
the pre-accident iodine spike case is a small fraction of the 25 rem
TEDE regulatory limit.

4.6 Control Rod Drop Accident

4.6.1 Introduction and Background

The postulated CRDA involves the rapid removal of a highest worth
control rod resulting in a reactivity excursion. Core performance
analyses show the energy deposition that results from this event is
below the threshold postulated to damage fuel pellets or cladding.
However, consistent with the current licensing basis, 1.8% of the
fuel pins in the full core are postulated to be damaged, with melting
occurring in 0.77% of the damaged rods (i.e., 0.014% of the core).
A core average radial peaking factor of 1.7 was assumed in the
analysis.

The CRDA is terminated by the average power range monitors
(APRM) high flux scram signal. The activity released from the
damaged fuel that reaches the turbine and condenser is released
from the turbine building at ground level at a rate of 1% condenser
volume per day for a period of 24 hours. No credit is taken for
turbine building holdup or dilution.

The analysis assumptions for the transport, reduction, and release
of the radioactive material from the fuel and the reactor coolant are
consistent with RG 1.183.

The key parameters used in the CRDA analysis are shown in Table
4.6-1.
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Table 4.6-1
Key Parameters for AST CRDA Analysis

Columbia Design Input Parameter Parameter Value

Core power 3556 MWt
Radial peaking factor 1.7

t o1.8% (This percentage is equivalent to 850 pins out
Percentage of fuel pins damaged of 764 assemblies x 62 pins/assembly for 8x8 fuel.)
Fraction of damaged fuel pins melted 0.77%

1.0% condenser volume per day for the 24 hour
Condenser leak rate release period
Volume of condenser 144,000 ft3

Volume of CR 214,000 ft3

0 - 24 hrs: I
CR occupancy factor 1 - 4 days: 0.6

4 - 30 days: 0.4
CR normal, unfiltered intake flow 1100 cfm
Breathing rate (both CR and EAB) 3.5E-4 m3/sec

0 - 8 hrs: 3.5E-4 m3/sec
Breathing rate (LPZ) 8 - 24 hrs: 1.8E-4 m3/sec

1 - 30 days: 2.3E-4 m3/sec
0 - 2 hrs: 4.70E-3 sec/M 3

ai 2-8 hrs: 2.OOE-3 sec/rn 3

X/Q, CR (turbine bldg to local CR air 8 -24 hrs: 1 .03E-3 sec/m 3

intake) 1 - 4 days: 8.01 E-4 sec/m 3

4 - 30 days: 7.69E-4 sec/mi3

X/Q, EAB 0 - 2 hrs: 1.81 E-4 sec/M 3

0 - 8 hrs: 4.95E-5 sec/m3

8 - 24 hrs: 3.69E-5 sec/m3

%/Q, LPZ 1 - 4 days: 1.95E-5 sec/mr3

4 - 30 days: 7.81 E-6 sec/mr3

s CBased on FGR 11 and FGR 12 defaults forDose Conversion Factors RADTRAD
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4.6.2 Source Term

The source term used for the CRDA analysis was composed of
releases from melted fuel and the gap activity from the fuel pins
postulated to be damaged. This initial amount of activity was
released into the reactor coolant at time zero. Activity in the reactor
coolant available for release to the environment was calculated by
applying transport fractions.

The core damage fractions and transport fractions for each
radionuclide group shown in Table 4.6-2 are consistent with RG
1.183. The fraction of the core inventory available for release to
the environment was calculated as follows:

[Core fraction of fuel pins damaged (less the melted fuel
fraction) x gap release fraction + core fraction of melted fuel
x melted fuel release fraction] x fraction that reaches the
condenser x fraction that is available for release to
environment.

Table 4.6-2
Fraction of Core Activity Available for Leakaoe to the Environment

Radionuclide Release Release Fraction of Fraction of Total Activity
Group Fraction from Fraction from Activity That Condenser Fraction

Gap to Melted Fuel Reaches Activity Avail. Avail. for
Coolant to Coolant the for Release to Leakage to

Condenser Environment Environment
Noble Gas 0.1 1.0 1.0 1.0 1.9E-03
Iodine 0.1 0.5 0.1 0.1 1.9E-05
Br* 0.05 0.3 0.01 0.01 9.3E-08
Cs, Rb 0.12 0.25 0.01 0.01 2.2E-07
Te Group 0 0.05 0.01 0.01 6.9E-10
Ba, Sr 0 0.02 0.01 0.01 2.8E-10
Noble Metals 0 0.0025 0.01 0.01 3.5E-11
Ce Group 0 0.0005 0.01 0.01 6.9E-12
La Group 0 0.0002 0.01 0.01 2.8E-12

* Bromine is listed for consistency with RG 1.183 for Halogens, but is not included in the dose analysis.

The iodine species released to the reactor coolant are assumed to
be 95% aerosol, 4.85% elemental, and 0.15% organic. The iodine
species released from the condenser to the environment are 97%
elemental iodine and 3% organic iodine. To properly model this
release speciation in STARDOSE, the proportions of 97%
elemental and 3% organic were used at the source.
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The condenser is assumed to be leaking to the environment at a
rate of 1% condenser volume per day during the first 24 hours, at
which time the leakage is assumed to terminate.

4.6.3 Mitigation

The CRDA is terminated by the APRM high flux scram signal.
Partitioning of the initial activity released during its transport from
the reactor coolant system (RCS) to the condenser and ultimately
to the environment was credited. Radioactive decay during the
holdup in the turbine and condenser was also credited.

No other mitigation of the radiological release was credited. No
credit for dilution or holdup in the turbine building was assumed.
The CR ventilation was conservatively assumed to remain in its
normal mode. There was no accident signal credited to start
emergency CR ventilation. No credit was taken for operator
actions. CR ventilation normal intake flow was unfiltered.

4.6.4 Radiological Transport Modeling

The radiological release model for the CRDA was developed
consistent with RG 1.183. A ground level release was modeled
from the turbine building at a rate of 1% condenser volume per day
over a period of 24 hours.

During normal operations, flow is through the local CR intake
combined with flow from the remote intakes. The intake of the
released radionuclides into the CR is based on a volumetric flow
rate of 1100 cfm of unfiltered air through only the local intake. This
assumption is conservative, because no manual action for CR
isolation was credited for the entire 24-hour period.

4.6.5 Results - Control Room Operator Dose

The STARDOSE computer code was used to determine the CR
operator dose. Dose Conversion Factors (DCFs) from the Federal
Guidance Report 11 and 12, defaults for RADTRAD, were used in
STARDOSE. Table 4.6-3 shows the proposed licensing basis dose
limit compared to the regulatory limit.

A confirmatory analysis using RADTRAD for the licensing basis
case was performed. The results of this confirmatory analysis
showed good agreement with the STARDOSE results.
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Table 4.6-3
CRDA CR Operator Dose

Regulatory
Limit

TEDE (TEDE)

CR operator dose 0.7 rem 5 rem

4.6.6 Results - Offsite Doses

The STARDOSE computer code was used to determine the offsite
dose. Dose Conversion Factors (DCFs) from the Federal
Guidance Report 11 and 12, defaults for RADTRAD, were used in
STARDOSE. Table 4.6-4 shows the proposed licensing basis dose
limit compared to the regulatory limit.

A confirmatory analysis using RADTRAD for the licensing basis
case was performed. The results of this confirmatory analysis
showed good agreement with the STARDOSE results.

Table 4.6-4
CRDA Offsite Doses

Regulatory
Limit

TEDE (TEDE)

EAB dose 0.03 rem 6.3 rem
LPZ dose 0.03 rem 6.3 rem

4.6.7 Conclusions

The CRDA CR operator dose is well below the 5 rem TEDE
regulatory limit and each offsite dose is a small fraction of the 6.3
rem TEDE regulatory limit.

4.7 Fuel Handlinq Accident

4.7.1 Introduction and Background

The postulated FHA (licensing base case) involves the drop of a
fuel assembly in the reactor vessel cavity over the reactor core
during refueling operations. At this location, the maximum drop
(free fall distance) is approximately 34' and fuel pin damage is
postulated to occur to both the dropped assembly and to some
portion of those assemblies impacted in the reactor core.
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The extent of damage is calculated based on the free fall distance
and the resulting kinetic energy of the dropped assembly. In
accordance with the current licensing basis, this drop is
conservatively postulated to damage 250 fuel pins (based on a fuel
assembly with an 8x8 fuel pin array).

The gap activity from the damaged pins is the radioactive source
term for this event. A radial peaking factor of 1.7 is assumed in the
analysis. A 24-hour decay time after plant shutdown is also
assumed. This minimum decay time is assured by the proposed
Decay Time TS.

An overall DF of 200 for the released iodines was assumed based
on a minimum water depth of 23'. The nominal water depth (i.e.,
the distance from the top of the water above the vessel to the point
of impact for the dropped assembly) for the postulated drop would
be approximately 52' (well in excess of the credited 23').

The analysis assumed a ground level release from the reactor
building over a 2-hour period. No credit was taken for secondary
containment, the SGT system or the CREF system. The
assumptions used in this analysis are consistent with RG 1.183.

Dropping a fuel assembly at other locations during fuel movement
has also been considered. For a drop in the fuel transfer area
(between the reactor vessel and the spent fuel pool) or over the
spent fuel pool, the resulting maximum credible drop height would
be significantly less than that assumed in the postulated FHA.

For a drop in the fuel transfer area (between the reactor vessel and
the spent fuel pool) or over the spent fuel pool (see Figure 4.7-1),
the postulated activity released would be substantially lower based
on the following:

* The maximum credible drop height is 17". At a drop height
of 17", the kinetic energy available to cause fuel damage is
substantially reduced. The number of pins damaged in the
design basis drop would bound the number of pins damaged
in a drop elsewhere as the drop height is significantly greater
in the licensing basis case.

* The TS minimum required water depth available over the
point of fuel assembly impact is approximately 22', just 1'
lower than the 23' upon which a DF of 200 is based. The
difference in water height is approximately 1 % for normal
water level conditions (22' 9") and a maximum difference of
approximately 4% for the minimum TS water level (22').



LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment 1
Page 63 of 91

The drop height of 17" is limited by procedural controls. In
accordance with Licensee Controlled Specification 1.9.1, top
of active fuel in an assembly must be maintained at least 7'
6" below the TS minimum required water level of 22'.

Based on the comparable water depth available for
decontamination and the difference in the postulated drop
distances, Energy Northwest concludes that the consequences of
an FHA over the reactor cavity bound those for an FHA over the
transfer area or over the spent fuel pool. This conclusion is
consistent with the NRC staff conclusion for a similar configuration
at the Fitzpatrick plant as documented in a recent Safety
Evaluation Report (SER) (Reference 32).

The key parameters used in the FHA analysis are shown in Table
4.7-1.
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Table 4.7-1
Key Parameters for AST FHA Analysis

Columbia Design Input Parameter Parameter Value

Core power 3556 MWt

Peaking factor 1.7

Decay time 24 hours

Fraction of fuel damaged in drop 0.53% (based on 250 pins of an 8x8 array)

Water depth (licensing basis case) > 23'

Overall Iodine DF 200

Radioactivity release rate to Greater than 99% of the available activity released
environment within 2 hours. A fractional release rate of 2.3

volumes per hour was used for modeling purposes.

Volume of CR 214,000 ft3

CR occupancy factor 1 (first 24 hours after release)

CR normal, unfiltered intake flow 1100 cfm

Breathing Rate (both CR and offsite) 3.5E-4 m3/sec

X/Q, CR 8.69E-4 sec/M3 (RB wall to local CR air intake)

X/Q, EAB 1.81 E-4 sec/M 3

x/Q, LPZ 4.95E-5 sec/iM3

Dose conversion factors Based on FGR 11 and FGR 12 defaults forDoseconvrsio facorsRADTRAD



LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment 1
Page 65 of 91

Figure 4.7-1
Fuel Handling Figure

/ p A h i Refueling

/ ax ok \< latform /\

I I

Telescoping bly

Fl:ood l t

Vessel. Fu

Drawing Based on
Figure 9.1-15 178 Bun
CGS FSAR

Amendment 53



LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment 1
Page 66 of 91

4.7.2 Source Term

The fission product inventory that constitutes the source term for
this event was the gap activity in the 250 fuel pins (based on a fuel
assembly with an 8x8 fuel pin array) assumed to be damaged as a
result of the postulated design basis FHA. This number of fuel pins
equates to 0.53% of the total number of fuel pins in the reactor
core. Of this activity, all of the noble gases and only a fraction of
the iodine were available for release (i.e., for the purpose of
calculating radiological dose consequences) based on the
scrubbing effect (i.e., DF) of the water above the dropped fuel
assembly. Consistent with RG 1.183, an overall DF of 200 was
credited for the various forms and isotopes of iodine and an infinite
DF was credited for the remaining particulate forms of the
radionuclides contained in the gap activity. No DF credit was taken
for the noble gas constituents of the gap activity.

The fission product inventory assumed to be gap activity was
based on the fractions (shown in Table 4.7-2) of the core fission
product inventory. These fractions were taken from Table 3 of RG
1.183. After applying these fractions to determine the quantity of
radioactive nuclides in the gap, a decay time of 24 hours is applied.

Table 4.7-2
FHA Analysis Gap Activity

(Fraction of Fission Product Inventory)
Radionuclide Groug Fraction of Core Inventory

1-131 0.08
Kr-85 0.10

Other Noble Gases 0.05

Other Halogens 0.05

Alkali Metals 0.12

4.7.3 Mitigation

Decontamination of the gap activity as it rises (bubbles) to the
surface through the water above the dropped assembly in the
reactor vessel was credited. No other mitigation of the radiological
release was credited. The proposed TS changes delete the
operability requirements for secondary containment, SGT system
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and the CREF system during fuel handling or core alterations. This
analysis demonstrates acceptable radiological consequences are
achievable without crediting these systems.

During this event, the CR ventilation remains in its normal mode.
The local air intake was used for analyzing dispersion. No accident
signal was credited to start emergency CR ventilation. No credit
was taken for operator actions. The CR ventilation normal intake
flow was unfiltered.

4.7.4 Radiological Transport Modeling

The radiological release modeled in this analysis is consistent with
RG 1.183.

The release of the gap activity from the damaged pins is modeled
to occur instantaneously. For modeling purposes, a fractional
release rate of 2.3 volumes per hour was utilized to ensure that at
least 99% of the activity was released from the reactor building
during the first 2 hours.

The CR X/Q for the worst-case release path from the reactor
building was the reactor building wall release point to the local CR
air intake. Since secondary containment operability was not
required for fuel handling activities, various potential pathways are
possible and were considered (e.g., reactor building stack, reactor
building wall, vehicle air lock doors). For conservatism, the most
limiting pathway was selected.

4.7.5 Results - Control Room Operator Dose

The STARDOSE computer code was used to determine the CR
operator dose. Dose Conversion Factors (DCFs) from the Federal
Guidance Report 11 and 12, defaults for RADTRAD, were used in
STARDOSE. Table 4.7-3 shows the proposed licensing basis dose
limit compared to the regulatory limit.

A confirmatory analysis using RADTRAD for the licensing basis
case was performed. The results of this confirmatory analysis
showed good agreement with the STARDOSE results.
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Table 4.7-3
FHA CR Operator Dose

Regulatory
Limit

TEDE (TEDE)

CR operator dose 3.7 rem 5 rem

4.7.6 Results - Offsite Doses

The STARDOSE computer code was used to determine the offsite
doses. Dose Conversion Factors (DCFs) from the Federal
Guidance Report 11 and 12, defaults for RADTRAD, were used in
STARDOSE. Table 4.7-2 shows the proposed licensing basis dose
limit compared to the regulatory limit.

A confirmatory analysis using RADTRAD for the licensing basis
case was performed. The results of this confirmatory analysis
showed good agreement with the STARDOSE results.

Table 4.7-4
FHA Offsite Doses

Regulatory
Limit

TEDE (TEDE)

EAB Dose 1.0 rem 6.3 rem
LPZ Dose 0.3 rem 6.3 rem

4.7.7 Conclusions

The FHA CR operator dose is below the 5 rem TEDE regulatory
limit and each offsite dose is well below the 6.3 rem TEDE
regulatory limit.

4.8 Miscellaneous Issues

4.8.1 Use of Standby Liquid Control

This section provides the basis for crediting boron injection from
the SLC system for suppression pool pH control. The maintenance
of a suppression pool pH level above 7.0 is important to prevent
re-evolution of iodine from the suppression pool water. This use of
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SLC is consistent with several other BWR submittals using AST
methods. The SLC system is categorized in the FSAR as a special
safety system with a design function to mitigate the Anticipated
Transient Without Scram (ATWS) event per 10 CFR 50.62.

No hardware changes are necessary to use SLC in this new
functional mode. However, a change to the SLC TS is proposed in
this LAR to add MODE 3 to the applicability statement. This
proposed TS change supports the SLC function as credited in the
AST LOCA analysis.

The SLC system, shown in Figure 4.8-1, consists of a heated
storage tank containing a low temperature sodium pentaborate
decahydrate solution, two positive-displacement pumps connected
in parallel, two motor operated suction valves, two explosive
actuated discharge valves, a test tank with its network of injection
and recirculation pipes, and the necessary piping valves and
instrumentation needed to inject the boron solution into the reactor
vessel. The SLC system is manually initiated from the CR. Both
SLC trains are initiated by redundant switches.

Upon initiation, the suction valves of both trains will open, the
pumps will start, and both explosive actuated discharge valves
open. This establishes a flow path for the boron solution from the
storage tank into the reactor vessel. The boron solution discharges
inside the shroud through the HPCS spray header. The positive
displacement pumps are sized to inject the contents of the storage
tank solution into the reactor in approximately 1 hour.

In February 2004, the NRC issued review guidelines (Reference
33) for assessing the acceptability of a BWR SLC system for pH
control. These guidelines have been the basis of several recent
Requests for Additional Information (RAls). Energy Northwest has
evaluated the SLC system against these guidelines. The following
assessment is formatted with the guidelines in bold italic and the
Energy Northwest response in standard text.

Based on the following response, Columbia satisfies the criteria for
the acceptability of the SLC system for pH control.

1. The SLC system should be classified as ESF grade in
accordance with 10 CFR 50.34(b) or as a safety-related
system as defined in 10 CFR 50.2, and satisfy the
regulatory requirements for such systems. There may be
plants with an SLC system which is not classified as
safety-related or as ESF grade. In such instances, the
staff reviewer will determine whether the SLC system is
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comparable to a system classified as safety-related or
ESF. A SLC system meeting items (a)-(e) below would
result in its acceptance in support of a 10 CFR 50.67
request even if the system is not classified as safety-
related or as ESF grade.

The SLC system is not classified as safety-related nor as ESF
grade. The basis for SLC system meeting items (a) through
(e), and therefore the acceptability of the SLC system for the
AST pH control application, is provided below.

a) The SLC system should be provided with standby
AC power supplemented by the emergency diesel
generators.

The SLC system is provided with standby AC power
supplemented by emergency diesel generators.

SLC has redundant electrical components requiring
AC power to actuate for injection. Separate
safety-related AC divisions, both backed by onsite
emergency diesel generators, power their respective
components.

b) The SLC system should be seismically qualified
in accordance with RG 1.29 and Appendix A to 10
CFR Part 100.

The SLC system is seismically qualified from the
storage tank (including the tank) to the injection point
to the HPCS piping. Seismic qualification of the SLC
system is in accordance with RG 1.29 and Appendix
A to 10 CFR 100.

c) The SLC system should be incorporated into the
plant's ASME Code ISI and IST Programs based
upon the plant's code of record (10 CFR 50.55a).

The SLC system components and piping are included
in the Columbia ISI and IST Programs. The only
recorded failure has been an inboard check valve
failure of leak tightness. This failure would not have
prevented the system from meeting its new design
function.



LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment 1
Page 71 of 91

d) The SLC system should be incorporated into the
plant's Maintenance Rule program consistent with
10 CFR 50.65.

The SLC system has been included in the
Maintenance Rule Program per 10 CFR 50.65 since
implementation of the program at Columbia in July
1996.

e) The SLC system should meet 10 CFR 50.49 and
Appendix A (GDC 4) to 10 CFR 50.

The SLC system components have been qualified to
operate in a post-LOCA environment as defined in
the Columbia EQ program.

2. The licensee should have plant procedures for
injecting the sodium pentaborate using the SLC
system. This information would be reviewed by the
appropriate technical review branch, as requested by
the lead SPSB reviewer.

(a) A review of the procedures may be appropriate if a
reliability approach is taken (4(a) below) due to
timing considerations for the injection of
chemicals.

Energy Northwest has taken a reliability approach and
therefore, responses to items 2(a) through (f) are
provided.

The operator determines the need for SLC system
usage. Manual initiation of the SLC system is directed
by the EOPs (inventory as an alternate injection path
and ATWS usage) and the SAGs (reactivity and
inventory control) that are safety-related.

The Technical Support Guidelines (TSGs) will be
revised to add a second functional use of SLC for pH
control. The TSGs will also reinforce the need to flood
the vessel, if required, for communication of the boron
solution to the suppression pool. The timing issue is
discussed more completely in response to item 3
below.
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(b) The SLC activation steps are placed in a
safety-related plant procedure.

The AST LOCA analysis is based on low reactor water
level without ECCS system injection to generate the
source term. The EOP PPM 5.1.1 lists SLC as an
alternate injection system. The inadequate core
cooling resulting in the source term requires entry into
SAG-1 that requires SLC injection. Both of these
procedures are safety-related. A release of the AST
magnitude would result in the containment radiation
monitors reading high. The TSGs will be revised to
require manual initiation of the SLC system, at a level
of 14,000 R/hr, and to continue injection until the SLC
tank low level alarm is received.

(c) The steps be activated by parameters that are
symptoms of imminent or actual core damage.

The inability to maintain water level or potential loss of
water level indication and the containment high
radiation signal are signals of imminent and actual core
damage, respectively.

(d) The instrumentation relied upon to provide this
indication meets the quality requirements for a
Type E variable as defined in RG 1.97 Tables
1 and 2.

The containment radiation instrumentation is required
to be operable in accordance with the LCS and meets
the quality requirements for a Type E variable as
defined in RG 1.97 Tables 1 and 2. The water level
instrumentation is required to be operable in
accordance with TS and meets the quality
requirements for a Type B variable as defined in RG
1.97 Tables I and 2.

(e) Personnel receive Initial and periodic refresher
training in the procedure.
Licensed operators receive initial and periodic training
on procedure changes as part of their requalification
training. In addition, Technical Support Center (TSC)
Operations Managers will receive training on the TSG
revisions as part of the implementation of the approved
AST changes.
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(t) Other plant procedures (e.g., ERGs/SAGs) that call
for termination of SLC as a reactivity control
measure are appropriately revised to enable SLC
injection for pH control.

The SAG-1 does not call for or provide any instruction
for termination of SLC. In addition, the changes to the
TSGs for high containment radiation will instruct the
operators to inject until low tank signal is received.

3. A sufficient concentration and quantity of sodium
pentaborate should be available for injection into the
reactor vessel to control pH In the suppression pool.
The source term analysis is tied to the plant's design
basis accident, which is the large break LOCA, a break
of a recirculation pipe. The licensee needs to
demonstrate that within 24 hours there is adequate
recirculation between the suppression pool and the
reactor vessel through flow out the break to provide
transport and mixing, consistent with the assumptions
in the chemical analyses.

Chemical pH Analysis

The pH calculation was prepared using the STARPH code
(Reference 34). The analysis demonstrates one tank of
boron solution contains sufficient boron to maintain
suppression pool pH > 7.0 for 30 days and was based on
minimum TS requirements for the SLC system. This
calculation is provided in Attachments 5 and 6.

The initial phase of the design basis LOCA will release
large amounts of fission products. Several of the fission
product chemical forms are pH basic, most notably, CsOH.
The CsOH is introduced immediately ensuring an initial pH
of greater than 7.0. The pH calculation also shows that
formation of acids HNO3 from radiolysis of water and HCI
from radiolysis of cable would require a minimum of 8
hours to reduce the suppression pool pH to less than 7.0
without the addition of a boron buffer.

With only one of the two SLC trains operating, the contents
of the SLC tank can be injected into the vessel in
approximately 2 hours. Therefore, the addition of a boron
buffering solution to the suppression pool by the SLC
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system is adequate for controlling the suppression pool
pH. An adequate amount of boron is provided by borated
solution storage tank based on the minimum volume and
concentration required by the SLC system TS.

Transport and MixinQ

Columbia is a Mark II containment design with the drywell
over the suppression pool and communication between
them via 99 downcomers. Following a design basis LOCA,
ECCS will inject to quickly reflood the RPV to the top of the
jet pumps for a recirculation line break or to the steam
lines for a main steam line break. Mixing will therefore
start immediately upon injection of the boron.

Either division of low pressure ECCS can provide at least
one containment spray and one low-pressure core
injection or core spray system. Each division of ECCS
minimum flow is approximately 13,000 gpm, which is
approximately (13,000 x 0.134 ft3/gal =) 1700 ft3/min. The
reactor vessel water volume is approximately 13,000 ft3
and the suppression chamber free volume is
approximately 140,000 ft3. Therefore, one complete
vessel plus suppression pool will recirculate in
approximately 1.5 hours.

The SLC injection will complete in 4 hours, assuming
2 hours to initiate plus 2 hours to inject one tank capacity.
Within the first 24 hours there would be approximately 13
recirculations of the suppression pool after the completion
of the SLC injection assuring a well-mixed solution.

4. The SLC system should not be rendered incapable of
performing its AST function due to a single failure of
an active component. For this purpose the check
valve is considered an active device for AST since the
check valve must open to inject sodium pentaborate
for suppression pool pH control.

If the SLC system can not be considered redundant
with respect to its active components, this lack of
redundancy may be offset if the licensee can satisfy
(a) or (b) or (c) below:
There are two in-series check valves in the SLC system
injection line. With the exception of the failure of either of
these check valves to open, the SLC system cannot be
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rendered incapable of performing its AST function due to a
single active component failure. Energy Northwest has
chosen to respond to 4 (a) below to offset the check valve
single active failure concern. Therefore, no response is
provided for items 4 (b) or 4 (c).

(a) Acceptable quality and reliability of the non-
redundant active components and/or
compensatory actions in the event of failure of the
non-redundant active components.

Under this approach, the licensee should provide
the following information in justifying the lack of
redundancy of active components in the SLC
system:

(1) The licensee should identify the non-redundant
active components in the SLC system and provide
their make, manufacturer, and model number. The
staff reviewer will compare this Information with
performance data for the component from industry
data bases and other sources.

The non-redundant active components of the SLC
system are lift check valves (two in series) located on
the containment penetration for the SLC injection line.
The type, manufacturer (make), and model number for
the check valves are:

Check Valves Type Manufacturer Model No.
SLC-V-6 lift check Borg-Warner 76790-1
SLC-V-7 lift check Borg-Warner 76790-1

(2) The licensee should provide the design-basis
conditions for the component and the
environmental and seismic conditions under
which the component may be required to operate
during a design-basis accident. Environmental
conditions include design-basis pressure,
temperature, relative humidity and radiation fields.
The staff reviewer will compare the environmental
and seismic conditions associated with the
design-basis accident to the conditions for which
the component was designed to determine
whether the component is capable of performing
its intended function.
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The SLC system has been qualified for a post-LOCA
environment for a period of 24 hours as a result of this
new application. The system was originally designed
and installed for seismic category I conditions.

(3) The licensee should indicate whether the
component was purchased in accordance with
Appendix B to 10 CFR Part 50. If the component
was not purchased in accordance with Appendix
B, the licensee should provide information on the
quality standards under which it was purchased.
For the latter situation, information on the
component would be reviewed by the appropriate
technical review branch responsible for the
component, as requested by the lead SPSB
reviewer.

The SLC injection line check valves were purchased
as Quality Class I components. They are Quality
Class I, ASME IlIl Code Class I, and are maintained
within the requirements of the Energy Northwest 10
CFR 50 Appendix B QA Program.

(4) The licensee should provide the performance
history of the component both at the licensee's
facility and In industry databases such as EPIX
and NPRDS. The staff reviewer will use this
information to evaluate the reliability of the
component relative to other components used in
safety-related applications.

Energy Northwest performed a search of the NPRDS
database. No other plant was identified with SLC
injection line check valves of the Borg-Wamer Model
76790-1 type. However, these valves are used in
various other applications at several commercial
nuclear power plants. The industry data indicates that
check valves less than 2 inches in diameter (SLC-V-6,
-7 are 1 % inches diameter) are very reliable.

A failure summary report from the Institute of Nuclear
Power Operations Equipment Performance and
Information Exchange (EPIX 4.0) database shows no
cases of the same model check valve failing to open.
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The SLC system is included in the Maintenance Rule
Program. System reliability and availability are tracked
for any potential degradation of performance. The
maintenance history of the Columbia SLC system has
been reviewed as documented in the Maintenance
Rule Program, the Check Valve Reliability Program,
and the Corrective Action Program. These valves
have shown reliable performance with no failures to
open, consistent with the industry experience noted
above.

Check valve SLC-V-7 is included in the Local Leak
Rate Testing (LLRT) Program for its containment
isolation function. Leak rate failures were identified in
1986, 1987, and 1992. These failures would not have
prevented the SLC system from performing its
injection function.

(5) The licensee should provide a description of its
inspection and testing program including
standards, frequency, and acceptance criteria.
The staff reviewer will use this information to
evaluate the licensee's activities to monitor the
component's performance at the facility. The
information on the component would be reviewed
by the appropriate technical review branch
responsible for the component, as requested by
the lead SPSB reviewer.

The majority of the inspection and testing activities for
the SLC system are driven by the TS 3.1.7 SR. These
requirements include daily checks of the volume and
temperature of the solution tank, monthly checks of
system valve lineups, chemical analysis of the boron
solution concentration.

Refueling outage tests include piping leak test in
accordance with ASME IlIl Code Class I piping, testing
of safety/relief valves, testing of the inboard
containment isolation check valve in accordance with
the IST leak test program, and a full-flow injection into
the RPV. The full-flow test verifies both check valves
open. Acceptance criteria are provided in the TS or
the IST program.
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(6) The licensee should also indicate potential
compensating actions that could be taken within
an acceptable time period to address the failure of
the component. An example of a compensating
action might be the ability to jumper a switch in
the control room to overcome its failure. The staff
reviewer will consider the availability of
compensating actions and the likelihood of
successful Injection of the sodium pentaborate
where non-redundant active components fall to
perform their intended functions.

The only identified single active failure identified for
the Columbia SLC system is the failure of one of two
lift check valves in series. Responses to items (1)
through (5) above have demonstrated that these
valves are highly reliable with no identified failures to
open.

The Probabilistic Risk Assessment (PRA) database
indicates the failure rate of these valves as 3.077E-04
per demand, which is comparable to a passive failure
rate. Given the redundancy in the rest of the SLC
active components and the reliability of the lift check
valves, no compensating actions are proposed.

(b) An alternative success path for injecting
chemicals into the suppression pool.

If the licensee chooses to address the SLC
system's susceptibility to single failure by
selecting an alternative injection path, the
alternative path must be capable of performing the
AST function noted above and all components
which make up the alternative path should meet
the same quality characteristics required of the
SLC system (described in Items 1(a)-1(e), 2 and 3
above). When the staff determines that an
alternative path is acceptable, the staff's safety
evaluation should address the manner In which
the SLC system and the alternative path met Items
1(a)-1(e), 2 and 3 above.
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Columbia has responded to part (a) above, therefore,
(b) is not applicable.

(c) 10 CFR 50.67 and Appendix A, General Design
Criterion (GDC) 19 doses are met even if pH is not
controlled.

The licensee may demonstrate, through dose
calculations, that 10 CFR 50.67 and GDC 19 doses
are met even if pH is not controlled. The
re-evolution of iodine in the particulate form from
the water in the suppression pool to the elemental
form for airborne Iodine must be incorporated into
the calculation. The calculation may take credit for
the mitigating capabilities of other equipment, for
example the SGT system, if such equipment would
be available. The staff'willperform calculations to
confirm the licensee's conclusions. If the
acceptability of the facility's dose calculations was
based on the utilization of certain ESF equipment,
for example the SGT system, then the staff's safety
evaluation should reflect this. Such a citation Is
necessary to assure that it Is recognized and
documented that there is a link between the
particular ESF component's performance and the
SLC system's susceptibility to single failure.

Columbia has responded to part (a) above, therefore,
(c) is not applicable.
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Figure 4.8-1
Simplified SLC System Flow Diagram
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4.8.2 Operator Actions

There are no new manual operator actions proposed as part of this
LAR that are not already considered in the Columbia design basis
and directed by established station procedures.

There are two operator actions assumed in the proposed AST dose
consequence analyses: 1) initiating the SLC system for boron
injection, and 2) initiating drywell sprays. The abnormal
procedures, EOPs, and SAGs, as applicable, direct the operators
to take these actions.

While the actions are the same, the additional reasons for the
actions are: 1) drywell sprays are credited for analytical
assumptions regarding drywell leakage and to reduce the
radionuclide particulate concentration in the primary containment
atmosphere; and 2) adding boron will maintain the suppression
pool water pH above 7.0, precluding iodine re-evolution.

4.8.3 NUREG-0737, Item II.B.2

Equipment Qualification

The source term associated with environmental qualification of
equipment will remain consistent with previous commitments under
10 CFR 50.49. As stated in the cover letter to this submittal, the
Energy Northwest application to implement the AST methodology is
requested with one exception. That exception is TID-14844,
"Calculation of Distance Factors for Power and Test Reactor Sites,"
will continue to be used as the radiation dose basis for equipment
qualification.

TSC Habitability

The current licensing basis for the habitability of the TSC remains
valid. As stated in the Columbia Emergency Plan:

"The Columbia Generating Station Technical Support
Center (TSC) is a structure attached to the Radwaste
Building on the west side of the plant...The TSC
ventilation HEPA filters and charcoal absorbers are
the same type as those used for the CR System. The
ventilation system local air intake will automatically
switch (sic) to the CR remote air intake upon receipt
of an isolation signal. [Clarification - The air intake
structures (local and two remote intakes) are the
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same as those used for the Control Room System.
The ventilation system air flow will automatically draw
exclusively from the Control Room remote air intakes
upon the isolation of the local intake at the receipt of
an isolation signal.] Should the TSC become
uninhabitable, the TSC Manager in consultation with
radiation protection personnel will decide on an
alternate TSC location and setup where the TSC
functions can continue to be performed."

Based on the overall reduction in CR operator dose due to AST
methodology, similarities in ventilation systems, and the ability to
evacuate the TSC, an updated quantitative assessment of the TSC
dose based on the AST source term was not performed.

Emergencv Operations Facility (EOF) Habitability

The current licensing basis for the habitability of the EOF remains
valid. As stated in the Columbia Emergency Plan:

'The Emergency Operations Facility is a protected
area in the Kootenai Building which has special
shielding and ventilation to maintain habitability
requirements. The ventilation system is designed to
provide maximum habitability during an accidental
radiological release. HEPA filters condition entering
air during emergency conditions. Ion chambers are
strategically located in the ventilation system to detect
potential infiltration of contaminated air thus
automatically allowing reconfiguration of airflows from
replenishment to recirculation modes. The EOF is
designed to ensure that the total dose to occupying
personnel is less than the Environmental Protection
Agency Protective Action Guide limit of 5 rem TEDE
for the duration of the postulated accident. Shielding
requirements were determined using source terms
from BWR/PWR accident scenarios described in the
WASH 1400 Reactor Safety Study. Calculations
considered worst case meteorology and assumed a
0.75 miles distance from the plant to the Emergency
Operations Facility.

"The Alternate Emergency Operations Facility (EOF)
is located approximately 10 miles south of the plant.
This facility may be activated in the event of the
primary EOF becoming uninhabitable, or inaccessible
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to offsite responders. The EOF Manager, in
consultation with radiation protection personnel, will
determine when to activate this facility and
appropriate staffing levels."

Based on an overall reduction in doses due to AST methodology,
the distance of the EOF from the plant, and the ability to evacuate
the EOF, an updated quantitative assessment of the EOF dose
based on the AST source term was not performed.
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5.0 REGULATORY SAFETY ANALYSIS

10 CFR 50.92 Evaluation

Summary of Proposed Change

Energy Northwest is requesting an amendment to the Columbia Generating
Station Operating License based on AST methodology. The alternative source
term analyses were performed following the guidance of RG 1.183, "Alternative
Radiological Source Terms for Evaluating Design Basis Accidents at Nuclear
Power Reactors," dated July 2000, and Standard Review Plan Section 15.0.1,
"Radiological Consequences Analyses Using Alternative Source Terms."
(Revision 0)

The alternative source term analyses have been performed without crediting
secondary containment or the control room emergency filtration system during
fuel handling accidents. As such, the requested license amendment removes
operability requirements during fuel handling and core alterations for: 1)
secondary containment; 2) secondary containment isolation instrumentation; 3)
the standby gas treatment system 4) the control room emergency filtration
system and 5) supporting AC and DC power sources and distribution systems.
These requested changes, combined with the addition of a Technical
Specification on decay time, are consistent with Technical Specification Task
Force (TSTF) Traveler 51.

The alternative source term analyses have been performed without crediting the
main steam leakage control system following a loss of coolant accident.
Therefore, a licensing basis change is requested to reflect the elimination of the
main steam leakage control system Technical Specification. Additionally,
relaxations to the main steam isolation valve leakage and secondary
containment bypass leakage Technical Specifications are requested and justified
by the application of the alternative source term.

This license amendment request resolves a Justification for Continued Operation
regarding the establishment of secondary containment vacuum under design
bases conditions that include adverse environmental conditions. This design
basis nonconformance was reported to the staff in several licensee event reports
(see Licensee Event Reports 88-023-00, 88-023-01, 89-040-00 and 89-040-01).
A new license and design basis analysis on secondary containment drawdown,
as credited for a loss of coolant accident, is provided with this amendment
request. Accordingly, changes are requested to the secondary containment and
standby gas treatment system Technical Specifications.

This request resolves a previously identified Unreviewed Safety Question
pertaining to increased unfiltered control room leakage into the control room
envelope (Licensee Event Reports 2000-006-00 and 2000-006-01). The
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application of alternative source term methodology demonstrates that increased
unfiltered inleakage results in a control room operator dose below the regulatory
limit. The increased inleakage limits bound the results of tracer gas testing.

5.1 No Significant Hazards Consideration Determination

The standards used to arrive at a determination that an amendment
request does not involve a significant hazard are included in 10 CFR
50.92. Energy Northwest has evaluated the requested change to the
Technical Specifications and licensing and design bases using the criteria
established in 10 CFR 50.92(c) and has determined that it involves no
significant hazards consideration as described as follows:

1. Does the proposed amendment involve a significant increase in the
probability or consequences of an accident previously evaluated?

Response: No.

The alternative source term does not affect the design or operation
of the facility in a manner that would impact the probability of an
accident previously evaluated. Assumed performance
requirements of the system structures and components are within
existing design capability. The manner in which the systems are
required to operate has not changed.

Once the occurrence of an accident has been postulated, the new
source term is an input to evaluate the consequences. The
implementation of the alternative source term methodology has
been evaluated in revisions to the analyses of the following limiting
design basis accidents at Columbia Generating Station:

* Control Rod Drop Accident
* Fuel Handling Accident
* Main Steam Line Break Accident
* Loss of Coolant Accident

This amendment request includes changes to the Technical
Specifications based on assumptions in the accident analyses.
The results of these analyses demonstrate that, with the requested
changes, the dose consequences of these limiting events are
within the regulatory limits provided by the NRC for use with the
alternative source term.

A new license and design basis analysis on secondary containment
drawdown is provided to resolve a Justification for Continued
Operation. The consequences, based on alternative source term
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methodology, remain within regulatory limits. This change to the
licensing and design basis does not result in a significant increase
in consequences.

Alternative source term methodology has been applied to resolve
the Unresolved Safety Question on control room unfiltered air
inleakage. The accident analyses results show, with the increased
unfiltered air inleakage, the control room operator doses remain
within regulatory limits.

Therefore, approval of the proposed amendment request does not
involve a significant increase in the probability or consequences of
an accident previously evaluated.

2. Does the proposed amendment create the possibility of a new or
different kind of accident from any accident previously evaluated?

Response: No.

The requested changes are based on accident analyses. System
structure and component performance assumptions included in the
accident analyses result in doses within regulatory limits. Use of
these performance assumptions does not:

* require the installation of any new equipment,

* require the modification of any existing equipment,

* change the manner in which the equipment is required to be
operated,

* assume equipment performance outside existing design
capabilities, or

* require new operator actions.

Therefore Energy Northwest application of the alternative source
term methodology does not create any new accident initiators or
precursors of a new or different kind of accident.

3. Does the proposed amendment involve a significant reduction in the
margin of safety?

Response: No.

The changes proposed are associated with the implementation of a
new licensing basis for Columbia Generating Station. Approval of
a basis change from the original source term developed in
accordance with TID-14844 to a new alternative source term as
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described in RG 1.183 is requested. The results of the accident
analyses revised in support of this submittal, and the requested
Technical Specification changes, are subject to revised acceptance
criteria. These analyses have been performed using conservative
methodologies.

Safety margins and analytical conservatisms have been evaluated
and are satisfied. The analyzed accidents have been carefully
selected and margin has been retained to ensure that the analyses
adequately bound postulated event scenarios. The dose
consequences of these limiting design basis accidents are within
the acceptance criteria found in the applicable regulatory
requirements and guidance. These requirements and guidance are
presented in 10 CFR 50, App. A, 10 CFR 50.67, GDC 19, and RG
1.183.

The proposed changes can be made while still satisfying regulatory
requirements and review criteria, with margin. The changes
continue to ensure that the doses at the exclusion area and low
population zone boundaries, as well as the control room, are within
the corresponding regulatory limits. Therefore, operation of
Columbia Generating Station in accordance with the requested
amendment does not involve a significant reduction in the margin
of safety.

In summary and based upon the above considerations, Energy Northwest
has concluded that a significant hazard would not be introduced as a
result of this proposed change.

6.0 ENVIRONMENTAL CONSIDERATIONS

Energy Northwest has evaluated the proposed amendment against the criteria
for identification of licensing and regulatory actions requiring environmental
assessment in accordance with 10 CFR 51.21.

Energy Northwest has determined that the proposed change meets the criteria
for categorical exclusion as provided for under 10 CFR 51 .22(c)(9). The
requested change does not involve a significant hazards consideration and does
not involve a significant change in the types or significant increase in the
amounts of any effluents that may be released off-site. The following table
compares accident analysis dose results to the regulatory limits of 10 CFR 50.67
for the exclusion area boundary (EAB), the low population zone (LPZ) and
control room. The calculated EAB and LPZ doses are a small fraction of the
dose limits. The calculated control room operator doses are less than the TEDE
limit (5 rem) over 30 days for all accidents.
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DOSE RESULTS (rem)

Accident CR EAB LPZ

Regulatory Limit (TEDE) 5.0 rem 25 rem 25 rem

LOCA 3.5 rem 4.1 rem 4.0 rem

MSLB (pre-accident 1.8 rem 0.40 rem 0.11 rem
iodine spiking case)

Regulatory Limit (TEDE) 5.0 rem 6.3 rem 6.3 rem

CRDA 0.7 rem 0.03 rem 0.03 rem

FHA 3.7 rem 1.0 rem 0.3 rem

Adoption of the alternative source term and Technical Specification changes,
which implement certain conservative assumptions, do not result in modifications
to the plant or changes in its operation which could alter the type or amounts of
effluents that may be released offsite..

The alternative source term does not affect the design or operation of the facility;
rather, once the occurrence of an accident has been postulated, the alternative
source term is an input to evaluate the consequences of accidents. The
implementation of the alternative source term has been evaluated in revisions to
the analyses of the limiting design basis accidents at Columbia Generating
Station (control rod drop accident, fuel handling accident, loss of coolant
accident, and main steam line break accident). Based upon the results of these
analyses it has been demonstrated that, with the requested changes, the dose
consequences are within NRC regulatory limits for alternative source term (i.e.,
10 CFR 50.67 and 10 CFR 50, Appendix A, General Design Criterion 19).
Therefore, there is no significant increase in either individual or cumulative
occupational radiation exposure.
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Table 1. Comparison with Regulatory Guide 1.183 Main Sections

RG Sec RG Position Columbia Comments
Analysis

3.1 The inventory of fission products in the reactor core and available for release to the Conforms ORIGEN 2-based. Long-lived
containment should be based on the maximum full power operation of the core with, as a isotopes adjusted for 24-month
minimum, current licensed values for fuel enrichment, fuel bumup, and an assumed core cycle. Power level used = 3556
power equal to the current licensed rated thermal power times the ECCS evaluation MW(t) to account for two percent
uncertainty. The period of irradiation should be of sufficient duration to allow the activity of uncertainty (3486 x 1.02 = 3556).
dose-significant radionuclides to reach equilibrium or to reach maximum values. The core
inventory should be determined using an appropriate isotope generation and depletion
computer code such as ORIGEN 2 (Ref. 17) or ORIGEN-ARP (Ref. 18). Core inventory
factors (Ci/MWt) provided in TID14844 and used in some analysis computer codes were
derived for low bumup, low enrichment fuel and should not be used with higher bumup and
higher enrichment fuels.

3.1 For the DBA LOCA, all fuel assemblies in the core are assumed to be affected and the core Conforms Peaking Factors of 1.7 are used for
average inventory should be used. For DBA events that do not involve the entire core, the DBA events that do not involve the
fission product inventory of each of the damaged fuel rods is determined by dividing the total entire core.
core inventory by the number of fuel rods in the core. To account for differences in power
level across the core, radial peaking factors from the facility's core operating limits report
(COLR) or technical specifications should be applied in determining the inventory of the
damaged rods.

3.1 No adjustment to the fission product inventory should be made for events postulated to occur Conforms A decay time of 24 hours is
during power operations at less than full rated power or those postulated to occur at the assumed for the FHA analysis.
beginning of core life. For events postulated to occur while the facility is shutdown, e.g., a
fuel handling accident, radioactive decay from the time of shutdown may be modeled.
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Table 1. Comparison with Regulatory Guide 1.183 Main Sections

RG Sec RG Position Columbia Comments
Analysis

3.2 The core inventory release fractions, by radionuclide groups, for the gap release and early in- Conforms The fractions from Table 1 are
vessel damage phases for DBA LOCAs are listed in Table 1 for BWRs and Table 2 for used.
PWRs. These fractions are applied to the equilibrium core inventory described in Regulatory
Position 3.1.

Table I
BWR Core Inventory Fraction
Released Into Containment

Gap Release Early In-Vessel
Group Phase Phase Total
Noble Gases 0.05 0.95 1.0
Halogens 0.05 0.25 0.3
Alkali Metals 0.05 0.20 0.25
Tellurium Metals 0.00 0.05 0.05
Ba, Sr 0.00 0.02 0.02
Noble Metals 0.00 0.0025 0.0025
Cerium Group 0.00 0.0005 0.0005
Lanthanides 0.00 0.0002 0.0002

3.2 For non-LOCA events, the fractions of the core inventory assumed to be in the gap for the Conforms Peaking Factors of 1.7 are used for
various radionuclides are given in Table 3. The release fractions from Table 3 are used in DBA events that do not involve the
conjunction with the fission product inventory calculated with the maximum core radial entire core.
peaking factor.

Table 3 For accidents with fractions different
Non-LOCA Fraction of Fission Product Inventory In Gap from Table 3, the accident-specificinstructions given In the accident-

Group Fraction specific appendix were followed.
1-131 0.08*
Kr-85 0.10
Other Noble Gases 0.05*
Other Halogens 0.05*
Alkali Metals 0.12

*Per footnote 11, the fractions for lodines and Noble Gas for a BWR rod drop accident are
assumed to be 0.10.
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Table 1. Comparison with Regulatory Guide 1.183 Main Sections

RG Sec RG Position Columbia Comments
Analysis

3.3 Table 4 tabulates the onset and duration of each sequential release phase for DBA LOCAs at Conforms The BWR durations from Table 4
PWRs and BWRs. The specified onset is the time following the initiation of the accident (i.e., are used.
time = 0). The early in-vessel phase immediately follows the gap release phase. The activity
released from the core during each release phase should be modeled as increasing in a LOCA - modeled in a linear
linear fashion over the duration of the phase. fashion.

Table 4
LOCA Release Phases

BWRs
Phase Onset Duration

Gap Release 2 min 0.5 hr
Early In-Vessel 0.5 hr 1.5 hr

3.3 For facilities licensed with leak-before-break methodology, the onset of the gap release Not Applicable Columbia is not licensed to use the
phase may be assumed to be 10 minutes. A licensee may propose an alternative time for leak-before-break methodology for
the onset of the gap release phase, based on facility-specific calculations using suitable DBA analysis.
analysis codes or on an accepted topical report shown to be applicable to the specific facility.
In the absence of approved alternatives, the gap release phase onsets in Table 4 should be
used.

3.4 Table 5 lists the elements in each radionuclide group that should be considered in design Meets The Intent Barium and strontium have release
basis analyses. fractions lower than the Te group,

(see Item 3.2), and these fractions
Table 5 are used in lieu of the five percent

Radionuclide Groups release for the Te group.
Group Elements
Noble Gases Xe, Kr The nuclides used for Columbia are
Halogens I, Br the 60 identified as being potentially
Alkali Metals Cs, Rb important contributors to TEDE in
Tellurium Group Te, Sb, Se, Ba, Sr NUREG/CR-4691 (MACCS Users
Noble Metals Ru, Rh, Pd, Mo, Tc, Co Guide) less the two cobalt isotopes
Lanthanides La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am which have a minor impact] plus
Cerium Ce, Pu, Np four additional noble gas isotopes

from TID-14844, plus three other
short-lived noble gas Isotopes, plus
Ba137m for a total of 66.
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Table 1. Comparison with Regulatory Guide 1.183 Main Sections

RG Sec RG Position Columbia Comments
Analysis

3.5 Of the radiolodine released from the reactor coolant system (RCS) to the containment in a Conforms
postulated accident, 95 percent of the iodine released should be assumed to be cesium
iodide (CsI), 4.85 percent elemental iodine, and 0.15 percent organic iodide. This includes
releases from the gap and the fuel pellets. With the exception of elemental and organic
iodine and noble gases, fission products should be assumed to be in particulate form. The
same chemical form is assumed in releases from fuel pins in FHAs and from releases from
the fuel pins through the RCS in DBAs other than FHAs or LOCAs. However, the transport of
these iodine species following release from the fuel may affect these assumed fractions. The
accident-specific appendices to this regulatory guide provide additional details.

3.6 The amount of fuel damage caused by non-LOCA design basis events should be analyzed to Conforms Enthalpy deposition postulated for
determine, for the case resulting in the highest radioactivity release, the fraction of the fuel CRDA.
that reaches or exceeds the initiation temperature of fuel melt and the fraction of fuel
elements for which the fuel clad is breached. Although the NRC staff has traditionally relied Mechanical damage for FHA.
upon the departure from nucleate boiling ratio (DNBR) as a fuel damage criterion, licensees
may propose other methods to the NRC staff, such as those based upon enthalpy deposition,
for estimating fuel damage for the purpose of establishing radioactivity releases.

4.1.1 The dose calculations should determine the TEDE. TEDE is the sum of the committed Conforms TEDE calculated. Significant
effective dose equivalent (CEDE) from inhalation and the deep dose equivalent (DDE) from progeny Included.
external exposure. The calculation of these two components of the TEDE should consider all
radionuclides, including progeny from the decay of parent radionuclides that are significant
with regard to dose consequences and the released radioactivity.

4.1.2 The exposure-to-CEDE factors for inhalation of radioactive material should be derived from Conforms Federal Guidance Report 11 dose
the data provided in ICRP Publication 30, 'Limits for Intakes of Radionuclides by Workers' conversion factors (DCFs) are
(Ref. 19). Table 2.1 of Federal Guidance Report 11, 'Limiting Values of Radionuclide Intake used.
and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and
Ingestion' (Ref. 20), provides tables of conversion factors acceptable to the NRC staff. The
factors in the column headed 'effective' yield doses corresponding to the CEDE.

4.1.3 For the first 8 hours, the breathing rate of persons offsite should be assumed to be 3.5 x 104 Conforms
cubic meters per second. From 8 to 24 hours following the accident, the breathing rate
should be assumed to be 1.8 x 10-4 cubic meters per second. After that and until the end of
the accident, the rate should be assumed to be 2.3 x 10 4 cubic meters per second.
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Table 1. Comparison with Regulatory Guide 1.183 Main Sections

RG Sec RG Position Columbia Comments
Analysis

4.1.4 The DDE should be calculated assuming submergence in semi-infinite cloud assumptions Conforms DCFs taken from Federal Guidance
with appropriate credit for attenuation by body tissue. The DDE is nominally equivalent to the Report 11 and 12 as represented by
effective dose equivalent (EDE) from external exposure if the whole body is irradiated the default FGRI 1&12 file in
uniformly. Since this is a reasonable assumption for submergence exposure situations, EDE NUREG/CR-6604.
may be used in lieu of DDE in determining the contribution of external dose to the TEDE.
Table 111.1 of Federal Guidance Report 12, 'Extemal Exposure to Radionuclides in Air, Water,
and Soil' (Ref. 21), provides external EDE conversion factors acceptable to the NRC staff.
The factors in the column headed 'effective' yield doses corresponding to the EDE.

4.1.5 The TEDE should be determined for the most limiting person at the EAB. The maximum EAB Conforms
TEDE for any two-hour period following the start of the radioactivity release should be
determined and used in determining compliance with the dose criteria in 10 CFR 50.67. The
maximum two-hour TEDE should be determined by calculating the postulated dose for a
series of small time increments and performing a 'sliding' sum over the increments for
successive two-hour periods. The maximum TEDE obtained is submitted. The time
increments should appropriately reflect the progression of the accident to capture the peak
dose interval between the start of the event and the end of radioactivity release (see also
Table 6).

4.1.6 TEDE should be determined for the most limiting receptor at the outer boundary of the low Conforms
population zone (LPZ) and should be used in determining compliance with the dose criteria in
10 CFR 50.67.

4.1.7 No correction should be made for depletion of the effluent plume by deposition on the Conforms
ground.
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Table 1. Comparison with Regulatory Guide 1.183 Main Sections

RG Sec RG Position Columbia Comments
Analysis

4.2.1 The TEDE analysis should consider all sources of radiation that will cause exposure to Conforms First two items included in
control room personnel. The applicable sources will vary from facility to facility, but typically combination of filtered make-up and
will include: conservative overstatement of

measured unfiltered inleakage.
* Contamination of the control room atmosphere by the intake or infiltration of the Last three items shown to be

radioactive material contained in the radioactive plume released from the facility, negligible.
* Contamination of the control room atmosphere by the Intake or infiltration of airborne

radioactive material from areas and structures adjacent to the control room envelope,
* Radiation shine from the external radioactive plume released from the facility,
* Radiation shine from radioactive material in the reactor containment,
* Radiation shine from radioactive material in systems and components inside or external

to the control room envelope, e.g., radioactive material buildup in recirculation filters.

4.2.2 The radioactive material releases and radiation levels used in the control room dose analysis Conforms The source term, transport, and
should be determined using the same source term, transport, and release assumptions used release methodology is the same
for determining the EAB and the LPZ TEDE values, unless these assumptions would result in for both the control room and offsite
non-conservative results for the control room. locations.

4.2.3 The models used to transport radioactive material into and through the control room, and the Conforms
shielding models used to determine radiation dose rates from external sources, should be
structured to provide suitably conservative estimates of the exposure to control room
personnel.

4.2.4 Credit for engineered safety features that mitigate airborne radioactive material within the Conforms Pressurization and intake filtration
control room may be assumed. Such features may include control room isolation or are credited in LOCA analysis only.
pressurization, or intake or recirculation filtration. Refer to Section 6.5.1, 'ESF Atmospheric
Cleanup System," of the SRP (Ref. 3) and Regulatory Guide 1.52, 'Design, Testing, and
Maintenance Criteria for Post-accident Engineered-Safety-Feature Atmosphere Cleanup
System Air Filtration and Adsorption Units of Light-Water-Cooled Nuclear Power Plants' (Ref.
25), for guidance.

4.2.5 Credit should generally not be taken for the use of personal protective equipment or Conforms Such credits are not taken.
prophylactic drugs. Deviations may be considered on a case-by-case basis.
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Table 1. Comparison with Regulatory Guide 1.183 Main Sections

RG Sec RG Position Columbia Comments
Analysis

4.2.6 The dose receptor for these analyses is the hypothetical maximum exposed individual who is Conforms
present in the control room for 100% of the time during the first 24 hours after the event, 60%
of the time between 1 and 4 days, and 40% of the time from 4 days to 30 days. For the
duration of the event, the breathing rate of this individual should be assumed to be 3.5 x 10
cubic meters per second.

4.2.7 Control room doses should be calculated using dose conversion factors identified in Conforms The equation given is utilized for
Regulatory Position 4.1 above for use in offsite dose analyses. The DDE from photons may finite cloud correction when
be corrected for the difference between finite cloud geometry in the control room and the calculating external doses due to
semi-infinite cloud assumption used in calculating the dose conversion factors. The following the airborne activity inside the
expression may be used to correct the semi-infinite cloud dose, DDEO, to a finite cloud dose, control room.
DDEfinite , where the contro room is modeled as a hemisphere that has a volume, V, in cubic
feet, equivalent to that of the control room (Ref. 22).

DDEfinge = DDE&V0 338
1173

4.3 The guidance provided in Regulatory Positions 4.1 and 4.2 should be used, as applicable, in Conforms with the Offsite and contro room dose
re-assessing the radiological analyses identified in Regulatory Position 1.3.1, such as those exception that the consequences were calculated
in NUREG-0737 (Ref. 2). Design envelope source terms provided In NUREG-0737 should TID-14844 source using the guidance provided in
be updated for consistency with the AST. In general, radiation exposures to plant personnel term will continue Regulatory Positions 4.1 and 4.2
identified in Regulatory Position 1.3.1 should be expressed in terms of TEDE. Integrated to be used as the respectively. Doses to personnel in
radiation exposure of plant equipment should be determined using the guidance of Appendix basis for the the TSC and EOF were qualitatively
I of this guide. equipment assessed as bounded by existing

qualification license basis analyses. The AST
program. submittal requires no new operator

actions thus there is no new
operator dose that is not reported in
current analyses. TID-14844,
'Calculation of Distance Factors for
Power and Test Reactor Sites," will
continue to be used as the radiation
dose basis for equipment
qualification and radiation zone
maps/shielding calculations.
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Table 1. Comparison with Regulatory Guide 1.183 Main Sections

RG Sec RG Position Columbia Comments
Analysis

5.1.1 The evaluations required by 10 CFR 50.67 are re-analyses of the design basis safety Conforms
analyses and evaluations required by 10 CFR 50.34; they are considered to be a significant
input to the evaluations required by 10 CFR 50.92 or 10 CFR 50.59. These analyses should
be prepared, reviewed, and maintained in accordance with quality assurance programs that
comply with Appendix B, Quality Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants,' to 10 CFR Part 50.

5.1.2 Credit may be taken for accident mitigation features that are classified as safety-related, are Conforms Credited mitigation features meet
required to be operable by technical specifications, are powered by emergency power these requirements and are
sources, and are either automatically actuated or, in limited cases, have actuation automatic except RHR drywell
requirements explicitly addressed in emergency operating procedures. The single active sprays and SLC injection. These
component failure that results in the most limiting radiological consequences should be manual actions are/will be explicitly
assumed. Assumptions regarding the occurrence and timing of a loss of offsite power should addressed in emergency operating
be selected with the objective of maximizing the postulated radiological consequences. procedures.

Loss of offsite power is assumed to
occur concurrently with the initiation
of each analyzed event.

5.1.3 The numeric values that are chosen as inputs to the analyses required by 10 CFR 50.67 Conforms
should be selected with the objective of determining a conservative postulated dose. In
some instances, a particular parameter may be conservative in one portion of an analysis but
be nonconservative in another portion of the same analysis.

5.1.4 Licensees should ensure that analysis assumptions and methods are compatible with the Conforms
AST and the TEDE criteria.

5.3 Atmospheric dispersion values (X/Q) for the EAB, the LPZ, and the control room that were Conforms New dispersion values included in
approved by the staff during initial facility licensing or in subsequent licensing proceedings submittal. Determination consistent
may be used in performing the radiological analyses identified by this guide. Methodologies with RG 1.145 for offsite using
that have been used for determining X/Q values are documented in Regulatory Guides 1.3 PAVAN. ARCON96 was used to
and 1.4, Regulatory Guide 1.145, Atmospheric Dispersion Models for Potential Accident determine the control room values
Consequence Assessments at Nuclear Power Plants,' and the paper, 'Nuclear Power Plant except for MSLB. The MSLB
Control Room Ventilation System Design for Meeting General Criterion 19' (Refs. 6, 7, 22, control room XIQ is calculated using
and 28). the puff methodology of RG 1.194.

The methodology of the NRC computer code ARCON96 (Ref 26) is generally acceptable to
the NRC staff for use in determining control room X/Q values.
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Table 2. Comparison with Regulatory Guide 1.183 Appendix A (LOCA)

App Sec RG Position Columbia Comments
Analysis

Acceptable assumptions regarding core inventory and the release of radionuclides from the Conforms
fuel are provided in Regulatory Position 3 of this guide.

2 If the sump or suppression pool pH is controlled at values of 7 or greater, the chemical form Conforms The stated distributions of iodine
of radioiodine released to the containment should be assumed to be 95% cesium iodide chemical forms are used.
(Csl), 4.85 percent elemental Iodine, and 0.15 percent organic iodide. Iodine species,
including those from iodine re-evolution, for sump or suppression pool pH values less than 7 An evaluation has been done to
will be evaluated on a case-by-case basis. Evaluations of pH should consider the effect of demonstrate pH > 7.0.
acids and bases created during the LOCA event, e.g., radiolysis products. With the
exception of elemental and organic iodine and noble gases, fission products should be
assumed to be in particulate form.

3.1 The radioactivity released from the fuel should be assumed to mix instantaneously and Conforms Flow from the drywell to the wetwell
homogeneously throughout the free air volume of the primary containment in PWRs or the has been ignored prior to the
drywell in BWRs as it is released. This distribution should be adjusted if there are internal assumed core quench at two hours.
compartments that have limited ventilation exchange. The suppression pool free air volume Ignoring this flow is conservative
may be included provided there is a mechanism to ensure mixing between the drywell to the since by remaining in the drywell, it
wetwell. The release into the containment or drywell should be assumed to terminate at the contributes to MSIV leakage. For
end of the early in-vessel phase. several minutes after the core

quench, flow from the drywell to the
wetwell would be expected to occur,
and approximately half of the drywell
contents would be expected to be
purged into the wetwell at this time.
Beyond the end of this purge flow,
the drywell and wetwell gas spaces
are assumed to be well-mixed.

3.2 Reduction in airborne radioactivity in the containment by natural deposition within the Conforms No credit taken for natural
containment may be credited. Acceptable models for removal of iodine and aerosols are deposition.
described in Chapter 6.5.2, 'Containment Spray as a Fission Product Cleanup System, of
the Standard Review Plan (SRP), NUREG-0800 (Ref. A-1) and in NUREG/CR-6189, 'A
Simplified Model of Aerosol Removal by Natural Processes in Reactor Containments' (Ref.
A-2). The latter model is incorporated into the analysis code RADTRAD (Ref. A-3).
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3.3 Reduction in airborne radioactivity in the containment by containment spray systems that
have been designed and are maintained in accordance with Chapter 6.5.2 of the SRP (Ref.
A-1) may be credited. Acceptable models for the removal of iodine and aerosols are
described in Chapter 6.5.2 of the SRP and NUREGICR-5966, 'A Simplified Model of Aerosol
Removal by Containment Sprays'1 (Ref. A-4). This simplified model is incorporated into the
analysis code RADTRAD (Refs. A-1 to A-3).

Conforms SRP 6.5.2 model used. Elemental
iodine assumed to be removed at
the same rate as particulate.

A study was also completed using
an elemental iodine removal lambda
of 20 per hour and a maximum
elemental iodine DF of 121 (that
corresponding to a pH of >7.3 not
reached until 30 days which is
conservative relative to the
maximum DF of 200 permitted
Independent of pH). That study
showed that the control room dose
becomes about one percent lower
than the value reported in the
Columbia AST LAR. Therefore, the
approach of treating elemental
iodine as particulate is a
conservative representation of the
situation in which some elemental
iodine would be removed by
diffusion to spray water droplets
(experiencing a removal lambda of
20 per hour, but a DF limit of
between 121 and 200) and some
elemental iodine would adsorb onto
particulate (experiencing a lambda
of 6.2 per hour until 98% of the
particulate is removed, 0.62 per
hour thereafter, and no maximum
DF). Given this understanding, the
method results in a slightly
conservative dose and meets the
intent of the regulatory position in
Appendix A, Section 3.3, of RG
1.183 with comparable results.

______ ___________ i
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3.3 The evaluation of the containment sprays should address areas within the primary Conforms Drywell assumed to be well-mixed
containment that are not covered by the spray drops. The mixing rate attributed to natural based on the fact that the drywell is
convection between sprayed and unsprayed regions of the containment building, provided sufficiently small and the spray
that adequate flow exists between these regions, is assumed to be two turnovers of the flowrate is sufficiently large. The
unsprayed regions per hour, unless other rates are justified. The containment building ratio of spray flow to volume
atmosphere may be considered a single, well-mixed volume if the spray covers at least 90% sprayed is 20-40 times larger for the
of the volume and if adequate mixing of unsprayed compartments can be shown. Columbia drywell than for a typical

sprayed region of a PWR. The
mixing by momentum exchange
alone (between the droplets and the
atmosphere) will keep the drywell
well-mixed; I.e., natural convection
will play no noticeable role.

Drywell congestion is explicitly
addressed by reduced spray flow
and fall height credit.

3.3 The SRP sets forth a maximum decontamination factor (DF) for elemental iodine based on The conservative The SRP spray lambda is calculated
the maximum iodine activity in the primary containment atmosphere when the sprays approach used in per the SRP method. A reduction of
actuate, divided by the activity of iodine remaining at some time after decontamination. The the Columbia 10 is taken when 98% of the
SRP also states that the particulate iodine removal rate should be reduced by a factor of 10 analysis meets particulate has been removed.
when a DF of 50 is reached. The reduction in the removal rate is not required If the removal the intent of this
rate is based on the calculated time-dependent airborne aerosol mass. There is no guidance. Regarding the maximum DF for
specified maximum DF for aerosol removal by sprays. The maximum activity to be used in elemental iodine, please refer to the
determining the DF is defined as the iodine activity in the columns labeled 'Total' in Tables comment provided for Appendix A
I and 2 of this guide multiplied by 0.05 for elemental iodine and by 0.95 for particulate Section 3.3 two rows above.
iodine (i.e., aerosol treated as particulate in SRP methodology).

3.4 Reduction in airborne radioactivity in the containment by in-containment recirculation filter Not applicable The Columbia design does not
systems may be credited if these systems meet the guidance of Regulatory Guide 1.52 and include an in-containment
Generic Letter 99-02 (Refs. A-5 and A-6). The filter media loading caused by the increased recirculation filter system.
aerosol release associated with the revised source term should be addressed.
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3.5 Reduction in airborne radioactivity in the containment by suppression pool scrubbing in Conforms Pool scrubbing not credited.
BWRs should generally not be credited. However, the staff may consider such reduction on
an individual case basis. The evaluation should consider the relative timing of the blowdown
and the fission product release from the fuel, the force driving the release through the pool,
and the potential for any bypass of the suppression pool (Ref. 7). Analyses should consider
iodine re-evolution if the suppression pool liquid pH is not maintained greater than 7.

3.6 Reduction in airborne radioactivity in the containment by retention in ice condensers, or Not applicable
other engineering safety features not addressed above, should be evaluated on an
individual case basis. See Section 6.5.4 of the SRP (Ref. A-1).

3.7 The primary containment (i.e., drywell for Mark I and 11 containment designs) should be Conforms Leakage reduced after 24 hours
assumed to leak at the peak pressure technical specification leak rate for the first 24 hours. based upon reduced containment
For PWRs, the leak rate may be reduced after the first 24 hours to 50% of the technical pressure.
specification leak rate. For BWRs, leakage may be reduced after the first 24 hours, if
supported by plant configuration and analyses, to a value not less than 50% of the technical Primary containment pressure not
specification leak rate. Leakage from subatmospheric containments is assumed to brought subatmospheric.
terminate when the containment is brought to and maintained at a subatmospheric condition
as defined by technical specifications.

3.7 For BWRs with Mark IlIl containments, the leakage from the drywell into the primary Not applicable Colombia has a Mark II type
containment should be based on the steaming rate of the heated reactor core, with no credit containment.
for core debris relocation. This leakage should be assumed during the two-hour period
between the initial blowdown and termination of the fuel radioactivity release (gap and early
in-vessel release phases). After two hours, the radioactivity is assumed to be uniformly
distributed throughout the drywell and the primary containment.

3.8 If the primary containment is routinely purged during power operations, releases via the Not applicable The primary containment is not
purge system prior to containment isolation should be analyzed and the resulting doses routinely purged during power
summed with the postulated doses from other release paths. The purge release evaluation operation.
should assume that 100% of the radionuclide inventory in the reactor coolant system liquid
is released to the containment at the Initiation of the LOCA. This inventory should be based
on the technical specification reactor coolant system equilibrium activity. Iodine spikes need
not be considered. If the purge system is not isolated before the onset of the gap release
phase, the release fractions associated with the gap release and early in-vessel phases
should be considered as applicable.
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4.1 Leakage from the primary containment should be considered to be collected, processed by Conforms No elevated release point at
engineered safety feature (ESF) filters, if any, and released to the environment via the Columbia and no credit taken for
secondary containment exhaust system during periods in which the secondary containment elevated release.
has a negative pressure as defined in technical specifications. Credit for an elevated
release should be assumed only if the point of physical release is more than two and one-
half times the height of any adjacent structure.

4.2 Leakage from the primary containment is assumed to be released directly to the Conforms Assumed ground-level release
environment as a ground-level release during any period in which the secondary directly to environment, unfiltered
containment does not have a negative pressure as defined in technical specifications. until secondary containment

reaches technical specification
pressure. Then secondary
containment bypass leakage
release and filtered release through
standby gas treatment, both as
ground level release.

4.3 The effect of high wind speeds on the ability of the secondary containment to maintain a Conforms Certified 5%195% meteorological
negative pressure should be evaluated on an individual case basis. The wind speed to be data are used in analyzing the
assumed is the 1-hour average value that is exceeded only 5% of the total number of hours bounding conditions.
in the data set. Ambient temperatures used in these assessments should be the 1-hour
average value that is exceeded only 5% or 95% of the total numbers of hours in the data
set, whichever is conservative for the intended use (e.g., if high temperatures are limiting,
use those exceeded only 5%).

4.4 Credit for dilution in the secondary containment may be allowed when adequate means to Conforms No reactor building dilution credit is
cause mixing can be demonstrated. Otherwise, the leakage from the primary containment taken.
should be assumed to be transported directly to exhaust systems without mixing. Credit for
mixing, if found to be appropriate, should generally be limited to 50%. This evaluation
should consider the magnitude of the containment leakage in relation to contiguous building
volume or exhaust rate, the location of exhaust plenums relative to projected release
locations, the recirculation ventilation systems, and internal walls and floors that impede
stream flow between the release and the exhaust.
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4.5 Primary containment leakage that bypasses the secondary containment should be Conforms Bypass leakage rate based on the
evaluated at the bypass leak rate incorporated in the technical specifications. If the bypass limit specified in the Technical
leakage is through water, e.g., via a filled piping run that is maintained full, credit for Specifications.
retention of iodine and aerosols may be considered on a case-by-case basis. Similarly,
deposition of aerosol radioactivity in gas-filled lines may be considered on a case-by-case
basis.

4.6 Reduction in the amount of radioactive material released from the secondary containment Conforms
because of ESF filter systems may be taken into account provided that these systems meet
the guidance of Regulatory Guide 1.52 (Ref. A-5) and Generic Letter 99-02 (Ref. A-6).

5.1 With the exception of noble gases, all the fission products released from the fuel to the Conforms Fission products mixed into
containment (as defined in Tables I and 2 of this guide) should be assumed to suppression pool during release.
instantaneously and homogeneously mix in the primary containment sump water (in PWRs)
or suppression pool (in BWRs) at the time of release from the core. In lieu of this
deterministic approach, suitably conservative mechanistic models for the transport of
airborne activity in containment to the sump water may be used. Note that many of the
parameters that make spray and deposition models conservative with regard to containment
airborne leakage are nonconservative with regard to the buildup of sump activity.

5.2 The leakage should be taken as two times the sum of the simultaneous leakage from all Conforms ESF leakage is assumed to begin at
components in the ESF recirculation systems above which the technical specifications, or the time drywell sprays are started.
licensee commitments to Item III.D.11.1 of NUREG-0737 (Ref. A-8), would require declaring
such systems inoperable. The leakage should be assumed to start at the earliest time the TS 5.5.2 requires a leakage control
recirculation flow occurs in these systems and end at the latest time the releases from these program. I gpm is the licensing
systems are terminated. Consideration should also be given to design leakage through basis value at Columbia. The
valves isolating ESF recirculation systems from tanks vented to atmosphere, e.g., analysis assumes 2 gpm. Liquid
emergency core cooling system (ECCS) pump miniflow return to the refueling water storage leakage to the CST has been
tank. evaluated and shown to have a

negligible contribution to dose.

5.3 With the exception of iodine, all radioactive materials in the recirculating liquid should be Conforms
assumed to be retained in the liquid phase.
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5.4 If the temperature of the leakage exceeds 212*F, the fraction of total iodine in the liquid that Not applicable The leakage temperature does not
becomes airborne should be assumed equal to the fraction of the leakage that flashes to exceed 212*F.
vapor. This flash fraction, FF, should be determined using a constant enthalpy, h, process,
based on the maximum time-dependent temperature of the sump water circulating outside
the containment:

FF = hfI - hp
hfg

Where: hfg is the enthalpy of liquid at system design temperature and pressure; hQ is the
enthalpy of liquid at saturation conditions (14.7 psia, 212 0F); and hfg is the heat of
vaporization at 212 0F.

5.5 If the temperature of the leakage is less than 212¶F or the calculated flash fraction is less Conforms A release fraction of 10% is
than 10%. the amount of iodine that becomes airborne should be assumed to be 10% of the assumed.
total iodine activity in the leaked fluid, unless a smaller amount can be justified based on the
actual sump pH history and area ventilation rates.

5.6 The radioiodine that is postulated to be available for release to the environment is assumed Conforms Credit is not taken for holdup and
to be 97% elemental and 3% organic. Reduction in release activity by dilution or holdup dilution of ESF leakage in reactor
within buildings, or by ESF ventilation filtration systems, may be credited where applicable. building and for release through
Filter systems used In these applications should be evaluated against the guidance of SGT SYSTEM filters. Filter systems
Regulatory Guide 1.52 (Ref. A-5) and Generic Letter 99-02 (Ref. A-6). comply with RG 1.52 and GL 99-02.

6.1 For the purpose of this analysis, the activity available for release via MSIV leakage should Conforms
be assumed to be that activity determined to be In the drywell for evaluating containment
leakage (see Regulatory Position 3). No credit should be assumed for activity reduction by
the steam separators or by iodine partitioning in the reactor vessel.

6.2 All the MSIVs should be assumed to leak at the maximum leak rate above which the Conforms Postulated leakage rate was
technical specifications would require declaring the MSIVs inoperable. The leakage should reduced by 50% after 24 hours.
be assumed to continue for the duration of the accident. Postulated leakage may be
reduced after the first 24 hours, if supported by site-specific analyses, to a value not less
than 50% of the maximum leak rate.
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6.3 Reduction of the amount of released radioactivity by deposition and plateout on steam Conforms AEB-98-03 well-mixed model used
system piping upstream of the outboard MSIVs may be credited, but the amount of to calculate main steam line aerosol
reduction in concentration allowed will be evaluated on an individual case basis. Generally, deposition. Deposition velocity
the model should be based on the assumption of well-mixed volumes, but other models reduced to take into account aerosol
such as slug flow may be used if justified. removal by spray in the drywell.

RADTRAD Bixler models used for
gaseous iodine deposition but in
modified form to reflect well-mixed
assumption instead of plug-flow
assumption.

6.4 In the absence of collection and treatment of releases by ESFs such as the MSIV leakage Conforms MSIV leakage unprocessed, ground
control system, or as described in paragraph 6.5 below, the MSIV leakage should be level release.
assumed to be released to the environment as an unprocessed, ground- level release.
Holdup and dilution in the turbine building should not be assumed.

6.5 A reduction in MSIV releases that is due to holdup and deposition in main steam piping Conforms No credit taken for qualified steam
downstream of the MSIVs and in the main condenser, including the treatment of air ejector lines beyond outboard MSIVs.
effluent by offgas systems, may be credited if the components and piping systems used in
the release path are capable of performing their safety function during and following a safe
shutdown earthquake (SSE). The amount of reduction allowed will be evaluated on an
individual case basis. References A-9 and A-10 provide guidance on acceptable models.

7.0 The radiological consequences from post-LOCA primary containment purging as a Conforms No purge assumed.
combustible gas or pressure control measure should be analyzed. If the installed
containment purging capabilities are maintained for purposes of severe accident
management and are not credited In any design basis analysis, radiological consequences
need not be evaluated. If the primary containment purging is required within 30 days of the
LOCA, the results of this analysis should be combined with consequences postulated for
other fission product release paths to determine the total calculated radiological
consequences from the LOCA. Reduction in the amount of radioactive material released via
ESF filter systems may be taken into account provided that these systems meet the
guidance in Regulatory Guide 1.52 (Ref. A-5) and Generic Letter 99-02 (Ref. A-6).
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I Acceptable assumptions regarding core inventory and the release of radionuclides from the Conforms
fuel are provided in Regulatory Position 3 of this guide.

1.1 The number of fuel rods damaged during the accident should be based on a conservative Conforms
analysis that considers the most limiting case. This analysis should consider parameters
such as the weight of the dropped heavy load or the weight of a dropped fuel assembly (plus
any attached handling grapples), the height of the drop, and the compression, torsion, and
shear stresses on the irradiated fuel rods. Damage to adjacent fuel assemblies, if
applicable (e.g., events over the reactor vessel), should be considered.

1.2 The fission product release from the breached fuel is based on Regulatory Position 3.2 of Conforms Cesium and rubidium not included
this guide and the estimate of the number of fuel rods breached. All the gap activity in the because DF assumed to be infinite
damaged rods is assumed to be instantaneously released. Radionuclides that should be (see response to Section 3 below).
considered include xenons, kryptons, halogens, cesiums, and rubidiums.

1.3 The chemical form of radioiodine released from the fuel to the spent fuel pool should be Conforms All iodine added to pool assumed to
assumed to be 95% cesium iodide (Csl), 4.85 percent elemental iodine, and 0.15 percent dissociate.
organic iodide. The Csl released from the fuel is assumed to completely dissociate in the
pool water. Because of the low pH of the pool water, the iodine re-evolves as elemental
iodine. This is assumed to occur instantaneously. The NRC staff will consider, on a case-
by-case basis, justifiable mechanistic treatment of the iodine release from the pool.

2 If the depth of water above the damaged fuel is 23 feet or greater, the decontamination Conforms Overall DF of 200 applied to iodine.
factors for the elemental and organic species are 500 and 1, respectively, giving an overall Speclation after decontamination Is
effective decontamination factor of 200 (i.e., 99.5% of the total iodine released from the 57% elemental and 43% organic.
damaged rods is retained by the water). This difference in decontamination factors for
elemental (99.85%) and organic iodine (0.15%) species results in the iodine above the
water being composed of 57% elemental and 43% organic species. If the depth of water is
not 23 feet, the decontamination factor will have to be determined on a case-by-case
method (Ref. B-1).

3 The retention of noble gases in the water in the fuel pool or reactor cavity is negligible (i.e., Conforms
decontamination factor of 1). Particulate radionuclides are assumed to be retained by the
water in the fuel pool or reactor cavity (i.e., infinite decontamination factor).

4.1 The radioactive material that escapes from the fuel pool to the fuel building is assumed to Conforms
be released to the environment over a 2-hour time period.
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4.2 A reduction in the amount of radioactive material released from the fuel pool by engineered Not applicable No credit is taken for filtration from
safety feature (ESF) filter systems may be taken into account provided these systems meet reactor building (i.e., SGT system).
the guidance of Regulatory Guide 1.52 and Generic Letter 99-02 (Refs. B-2, B-3). Delays in Additionally, no credit is taken for
radiation detection, actuation of the ESF filtration system, or diversion of ventilation flow to the control room filter (i.e., CREF).
the ESF filtration system(21) should be determined and accounted for in the radioactivity
release analyses.

4.3 The radioactivity release from the fuel pool should be assumed to be drawn into the ESF Not applicable No ESF filtration system is credited
filtration system without mixing or dilution in the fuel building. If mixing can be in the Columbia analysis. The
demonstrated, credit for mixing and dilution may be considered on a case-by-case basis. release is postulated to occur over a
This evaluation should consider the magnitude of the building volume and exhaust rate, the 2-hour period in accordance with
potential for bypass to the environment, the location of exhaust plenums relative to the RG position 5.3 below.
surface of the pool, recirculation ventilation systems, and internal walls and floors that
impede stream flow between the surface of the pool and the exhaust plenums.

5.1 If the containment is isolated during fuel handling operations, no radiological consequences Not applicable Containment not isolated.
need to be analyzed.

5.2 If the containment is open during fuel handling operations, but designed to automatically Not applicable Containment not isolated.
isolate in the event of a fuel handling accident, the release duration should be based on
delays in radiation detection and completion of containment isolation. If it can be shown that
containment isolation occurs before radioactivity is released to the environment, no
radiological consequences need to be analyzed.

5.3 If the containment is open during fuel handling operations (e.g., personnel air lock or Conforms
equipment hatch is open), the radioactive material that escapes from the reactor cavity pool
to the containment is released to the environment over a 2-hour time period.

5.4 A reduction in the amount of radioactive material released from the containment by ESF Not applicable No credit being taken for filtration of
filter systems may be taken into account provided that these systems meet the guidance of release from reactor building.
Regulatory Guide 1.52 and Generic Letter 99-02 (Refs. B-2 and B-3). Delays In radiation
detection, actuation of the ESF filtration system, or diversion of ventilation flow to the ESF
filtration system should be determined and accounted for in the radioactivity release
analyses.
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5.5 Credit for dilution or mixing of the activity released from the reactor cavity by natural or Conforms Two-hour release to the
forced convection inside the containment may be considered on a case-by-case basis. environment assumed.
Such credit is generally limited to 50% of the containment free volume. This evaluation
should consider the magnitude of the containment volume and exhaust rate, the potential for
bypass to the environment, the location of exhaust plenums relative to the surface of the
reactor cavity, recirculation ventilation systems, and internal walls and floors that impede
stream flow between the surface of the reactor cavity and the exhaust plenums.

Table 4. Comparison with Regulatory Guide 1.183 Appendix C (CRDA)

App Sec RG Position Columbia Comments
Analysis

1 Assumptions acceptable to the NRC staff regarding core inventory are provided in Conforms 100% of the noble gases and 50%
Regulatory Position 3 of this guide. For the rod drop accident, the release from the of the iodines released from melted
breached fuel is based on the estimate of the number of fuel rods breached and the fuel. Other releases also based on
assumption that 10% of the core inventory of the noble gases and iodines is in the fuel gap. Regulatory Position 3 of main
The release attributed to fuel melting is based on the fraction of the fuel that reaches or report.
exceeds the initiation temperature for fuel melting and on the assumption that 100% of the
noble gases and 50% of the iodines contained in that fraction are released to the reactor
coolant.

2 If no or minimal fuel damage is postulated for the limiting event, the released activity should Conforms More than minimal fuel damage is
be the maximum coolant activity (typically 4 pCi/gm DE 1-131) allowed by the technical postulated. Coolant activity
specifications. neglected.

3.1 The activity released from the fuel from either the gap or from fuel pellets is assumed to be Conforms
instantaneously mixed in the reactor coolant within the pressure vessel.

3.2 Credit should not be assumed for partitioning in the pressure vessel or for removal by the Conforms
steam separators.
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3.3 Of the activity released from the reactor coolant within the pressure vessel, 100% of the Conforms
noble gases, 10% of the iodine, and 1% of the remaining radionuclides are assumed to
reach the turbine and condensers.

3.4 Of the activity that reaches the turbine and condenser, 100% of the noble gases, 10% of the Conforms Release rate of 1% per day for 24
iodine, and 1% of the particulate radionuclides are available for release to the environment. hours.
The turbine and condensers leak to the atmosphere as a ground- level release at a rate of
1% per day for a period of 24 hours, at which time the leakage is assumed to terminate. No Decay assumed in condenser.
credit should be assumed for dilution or holdup within the turbine building. Radioactive
decay during holdup in the turbine and condenser may be assumed.

3.5 In lieu of the transport assumptions provided in paragraphs 3.2 through 3.4 above, a more Not applicable Assumptions In paragraphs 3.2
mechanistic analysis may be used on a case-by-case basis. Such analyses account for the through 3.4 were used.
quantity of contaminated steam carried from the pressure vessel to the turbine and
condensers based on a review of the minimum transport time from the pressure vessel to
the first main steam isolation (MSIV) and considers MSIV closure ttme.

3.6 The iodine species released from the reactor coolant within the pressure vessel should be Conforms Release to environment assumed to
assumed to be 95% Csl as an aerosol, 4.85% elemental, and 0.15% organic. The release be 97% elemental, 3% organic.
from the turbine and condenser should be assumed to be 97% elemental and 3% organic.

Foot- The activity assumed in the analysis should be based on the activity associated with the Conforms Projected fuel damage is the limiting
Note 1 projected fuel damage or the maximum technical specification values, whichever maximizes case.

the radiological consequences. In determining dose equivalent 1-131 (DE 1-131), only the
radioiodine associated with normal operations or iodine spikes should be included. Activity
from projected fuel damage should not be included.

Foot- If there are forced flow paths from the turbine or condenser, such as unisolated motor Conforms Forced flow paths of mechanical
Note 2 vacuum pumps or unprocessed air ejectors, the leakage rate should be assumed to be the vacuum pumps and steam jet air

flow rate associated with the most limiting of these paths. Credit for collection and ejectors automatically isolate;
processing of releases, such as by off gas or standby gas treatment, will be considered on a therefore, the release rate of 1% per
case-by-case basis. day is acceptable.
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1 Assumptions acceptable to the NRC staff regarding core inventory and the release of Conforms No fuel damage, release estimate
radionuclides from the fuel are provided in Regulatory Position 3 of this guide. The release based on coolant activity.
from the breached fuel is based on Regulatory Position 3.2 of this guide and the estimate of
the number of fuel rods breached.

2 If no or minimal fuel damage is postulated for the limiting event, the released activity should Conforms 4 pCi/gm consistent with spiking
be the maximum coolant activity allowed by technical specification. The iodine Tech Spec.
concentration in the primary coolant Is assumed to correspond to the following two cases in
the nuclear steam supply system vendors standard technical specifications.

2.1 The concentration that is the maximum value (typically 4.0 pCi/gm DE 1-131) permitted and Conforms
corresponds to the conditions of an assumed pre-accident spike, and

2.2 The concentration that is the maximum equilibrium value (typically 0.2 PiCVgm DE 1-131) Conforms
permitted for continued full power operation.

3 The activity released from the fuel should be assumed to mix instantaneously and Conforms
homogeneously in the reactor coolant. Noble gases should be assumed to enter the steam
phase instantaneously.

4.1 The main steam line isolation valves (MSIV) should be assumed to close in the maximum Conforms The 6 sec assumed in analysis is
time allowed by technical specifications. longer than the Tech Spec max

closing time of 5 sec.

4.2 The total mass of coolant released should be assumed to be that amount in the steam line Conforms
and connecting lines at the time of the break plus the amount that passes through the
valves prior to closure.

4.3 All the radioactivity in the released coolant should be assumed to be released to the Conforms Instantaneous puff release in
atmosphere Instantaneously as a ground-level release. No credit should be assumed for accordance with RG 1.194.
plateout, holdup, or dilution within facility buildings.

4.4 The iodine species released from the main steam line should be assumed to be 95% CsM as Conforms
an aerosol, 4.85% elemental, and 0.15% organic.
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Definitions
1.1

1.1 Definitions (continued)

CHANNEL FUNCTIONAL TEST A CHANNEL FUNCTIONAL TEST shall be the injection
of a simulated or actual signal into the channel
as close to the sensor as practicable to verify
OPERABILITY, including required alarm, interlock,
display, and trip functions, and channel failure
trips. The CHANNEL FUNCTIONAL TEST may be
performed by means of any series of sequential,
overlapping, or total channel steps so that the
entire channel is tested.

CORE ALTERATION CORE ALTERATION shall be the movement of any fuel,
sources, or reactivity control components within
the reactor vessel with the vessel head removed
and fuel in the vessel. The following exceptions
are not considered to be CORE ALTERATIONS:

a. Movement of source range monitors, local power
range monitors, intermediate range monitors,
traversing incore probes, or special movable
detectors (including undervessel replacement);
and

b. Control rod movement, provided there are no
fuel assemblies in the associated core cell.

Suspension of CORE ALTERATIONS shall not preclude
completion of movement of a component to a safe
position.

CORE OPERATING LIMITS The COLR is the unit specific document that
REPORT (COLR) provides cycle specific parameter limits for the

current reload cycle. These cycle specific limits
shall be determined for each reload cycle in

vieks V .e' ¢ accordance with Specification 5.6.5. Plant
r, C C operation within these limits is addressed in

ividual Specifications.

DOSE EQUIVALENT 1-131 , DOSE EQUIVALENT 1-131 shall be that concentration
of 1-131 (micro ries/gram that alone would

FederalGuidance Report (FGR) 11, produce the sam r se as the quantity and
"LinitingValuesofRadionuclide isotopic mixture of -131, 1-132, I-133, .-134,
Intake and Air Concentration and and 1-135 actually present. The (ER ~ldose

conversion factors used for this calculation shall AmDose Conversion Factors for be those listed in a o - 4

Inhalation, Submnersion, and 6 ation o Distance Factor for
ngestion," 1988.

(continued)
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Definitions
1.1

1.1 Definitions

DOSE EQUIVALEN -131 Power and Test Reacto ites;" Table E-7 o
(contin Regulatory Guide 1. 9, Rev. 1, NRC, 1977, or

ICRP 30, Suppleme to Part 1, page 19 212, Table
titled "Committe Dose Equivalent in arget Organs
or Tissues per ntake of

EMERGENCY CORE COOLING The ECCS RESPONSE TIME shall be that time interval
SYSTEM (ECCS) RESPONSE from when the monitored parameter exceeds its ECCS
TIME initiation setpoint at the channel sensor until

the ECCS equipment is capable of performing its
safety function (i.e., the valves travel to their
required positions, pump discharge pressures reach
their required values, etc.). Times shall include
diesel generator starting and sequence loading
delays, where applicable. The response time may
be measured by means of any series of sequential,
overlapping, or total steps so that the entire
response time is measured.

END OF CYCLE
RECIRCULATION PUMP TRIP
(EOC-RPT) SYSTEM RESPONSE
TIME

ISOLATION SYSTEM
RESPONSE TIME

The EOC-RPT SYSTEM RESPONSE TIME shall be that
time interval from initial signal generation by
the associated turbine throttle valve limit switch
or from when the turbine governor valve hydraulic
control oil pressure drops below the pressure
switch setpoint to complete suppression of the
electric arc between the fully open contacts of
the recirculation pump circuit breaker. The
response time may be measured by means of any
series of sequential, overlapping, or total steps
so that the entire response time is measured.

The ISOLATION SYSTEM RESPONSE TIME shall be that
time interval from when the monitored parameter
exceeds its isolation initiation setpoint at the
channel sensor until the isolation valves travel
to their required positions. The response time
may be measured by means of any series of
sequential, overlapping, or total steps so that
the entire response time is measured.

(continued)
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SLC System
3.1.7

3.1 REACTIVITY CONTROL SYSTEMS

3.1.7 Standby Liquid Control (SLC) System

LCO 3.1. 7 Two SLC subsystems shall be OPERABLE.

APPLICABILITY: MODESITY

ACTIONS

CONDITION REQUIRED ACTION GOMPLETION TIME

A. One SLC subsystem A.1 Restore SLC subsystem 7 days
inoperable. to OPERABLE status.

B. Two SLC subsystems B.1 Restore one SLC 8 hours
inoperable. subsystem to OPERABLE

status.

C. Required Action and
associated Completi
Time not met. cAND

c.? Itl 1,ho

12 unrs

.4e. 6"

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.7.1 Verify available volume of sodium 24 hours
pentaborate solution is > 4587 gallons.

(continued)
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Primary Containment Isolation Instrumentation
3.3.6.1

Table 3.3.6.1-1 (page 3 of 4)
Primary Containment Isolation Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED

OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS SYSTEM ACTION C.1 REQUIREMENTS VALUE

4. RWCU System Isolation
(continued)

b. Differential
Flow-Time Delay

1,2,3 F SR 3.3.6.1.2
SR 3.3.6.1.5
SR 3.3.6.1.6

< 46.5 seconds

c. Blowdown Flow -
High

d. Heat Exchanger
Room Area
Temperature - High

e. Heat Exchanger
Room Area
Ventilation
Differential
Temperature - High

f. Pump Room Area
Temperature - High

1,2.3

1,2,3

1,2,3

I

1

F SR
SR
SR
SR
SR

F SR
SR
SR

F SR
SR
SR

3.3.6.1.1
3.3.6.1.2
3.3.6.1.5
3.3.6.1.6
3.3.6.1.7

3.3.6.1.3
3.3.6.1.4
3.3.6.1.6

3.3.6.1.3
3.3.6.1.4
3.3.6.1.6

1 271.7 gpm

< 160-F

< 70-F

1,2.3 1 per room SR 3.3.6.1.3
SR 3.3.6.1.4
SR 3.3.6.1.6

< 180-F

g. Pump Room Area
Ventilation
Differential
Temperature - High

h. RWCU/RCIC Line
Routing Area
Temperature - High

i. RWCU Line Routing
Area
Temperature - High

Room 409, 509
Areas

Room 408, 511
Areas

J. Reactor Vessel
Water Level - Low
Low, Level 2

k. SLC System
Initiation

1. Manual Initiation

1,2.3 1 per room F SR
SR
SR

F SR
SR
SR

3. 3.6.1.3
3.3.6.1.4
3.3.6.1.6

3.3.6.1.3
3.3.6.1.4
3.3.6.1.6

< 100-F

< 180-F1.2.3 1

1.2.3 1 per room F SR 3.3.6.1.3
SR 3.3.6.1.4
SR 3.3.6.1.6

< 175-F

< 180-F

> -58 inches

NA

1.2.3

1. 2&(

1.2,3

2 F SR
SR
SR

I SR

3.3.6.1.2
3.3.6.1.4
3.3.6.1.6

3.3.6.1.62(c)

2 G SR 3.3.6.1.6 NA

(continued)

(c) SLC System Initiation only Inputs Into one of the two trip systems.
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Secondary Containment Isolation Instrumentation
3.3.6.2

Table 3.3.6.2-1 (page I of 1)
Secondary Containment Isolation Instrumentation

APPLICABLE
MODES AND REQUIRED
OTHER CHANNELS

SPECIFIED PER TRIP SURVEILLANCE ALLOWABLE
FUNCTION CONDITIONS SYSTEM REQUIREMENTS VALUE

1. Reactor Vessel Water 1,2,3,(a) 2(c) SR 3.3.6.2.2 > -58 inches
Level -Low Low, Level 2 SR 3.3.6.2.3

SR 3.3.6.2.4

2. Drywell Pressure-High 1,2.3 2(c) SR 3.3.6.2.2 < 1.88 psig
SR 3.3.6.2.3
SR 3.3.6.2.4

3. Reactor Building Vent I12,j.._,e. 2 SR 3.3.6.2.1 < 16.0 mR/hr
Exhaust Plenum (a).(9b7 SR 3.3.6.2.2
Radiation - High SR 3.3.6.2.3

SR 3.3.6.2.4

4. Manual Initiation 1,2.3 4 SR 3.3.6.2.4 NA
(a)

(a) urig opratons with a potential for draining the reactor vessel.

(b) u~gCfATRTOS ndrn eexptlrdae fue assemlifes-in th -secod

Ic) Also required to initiate the associated LOCA Time Delay Relay Fui suant to DCO 3.3.5.1.

)or~ Au

I

I

I
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CREF System Instrumentation
3.3.7.1

ACTIONS

CONDITION REQUIRED ACTION I COMPLETION TIME

I I
_ 7 _ ___

E. As req re by
Requir d Action A.1
and r ferenced in

7ab 3.3.7.1-1.

E.1

AND

E.2

(IIIIII
I
i

_*__

----- NOTE------------
Enter applicable
Conditions and
Required Actions of
CO 3.7.3, "Control
loom Emergency
Filtration (CREF)
System," when both
,emote air intakes
ire isolated.

Isolate the
associated remote air
intake.

Restore channel to
OPERABLE status.

1 h ur from
di covery of
lo s of
r iation
m nitoring
c pability in a
emote air
ntake

7 days from
discovery of
inoperable
channels
associated with
both remote air
intakes

AND

30 days

/
I

I

F. Required Action and
associated Comp etion
Time of Condit on E
not met.

_ , . _

F.1 Declare both REF
subsystems
inoperable.

Immediately

4. ...

I . _
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CREF System Instrumentation
3.3.7.1

SURVEILLANCE REQUIREMENTS

-------------------------------------NOTES------------------------------------
1. Refer to Table 3.3.7.1-1 to determine which SRs apply for each CREF System

Function.

2. When a channel is placed in an inoperable status solely for performance of
required Surveillances, entry into associated Conditions and Required
Actions may be delayed for up to 6 hours provided the associated Function
maintains CREF initiationiLon rdni torin apabilityi -"l

I

SURVEILLANCE FREQUENCY

SR 3.3.7.1.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.7.1.2 Perform CHANNEL FUNCTIONAL TEST. 92 days

SR 3.3.7.1.3 Perform CHANNEL CALIBRATION. 18 months

SR 3.3.7.1.4 Perform LOGIC SYSTEM FUNCTIONAL TEST. 24 months
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CREF System Instrumentation
3.3.7.1

Table 3.3.7.1-1 (page I of 1)
Control Room Emergency Filtration System Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED
OTHER CHANNELS FROM

SPECIFIED PER TRIP REOUIRED SURVEILLANCE ALLOWABLE
FUNCTION CONDITIONS SYSTEM ACTION A.1 REOUIREMENTS VALUE

1. Reactor Vessel Water
Level - Low Low,
Level 2

2. Drywell Pressure-High

1,2.3,
(a)

1.2,3

(a).e

2

2

2

B SR 3.3.7.1.1
SR 3.3.7.1.2
SR 3.3.7.1.3
SR 3.3.7.1.4

C SR 3.3.7.1.1
SR 3.3.7.1.2
SR 3.3.7.1.3
SR 3.3.7.1.4

-*58 inches

c 1.88 psig

I 16.0 mR/hr3. Reactor Building Vent
Exhaust Plenum
Radiation - High

B SR 3.3.7.1.1
SR 3.3.7.1.2
SR 3.3.7.1.3
SR 3.3.7.1.4

(a) During operations with a potential for draining the reactor vessel.

During C E ALTERATIONS, and dof
cso~ntaing nt. duy moemn lraltd(e asebisn,~scna
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PCIVs
3.6.1.3

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.6.1.3.6 Verify the isolation time of each MSIV is In accordance
> 3 seconds and < 5 seconds with the

lz Inservice
Testing Program

SR 3.6.1.3.7 Verify each automatic PCIV actuates to 24 months
the isolation position on an actual or
simulated isolation signal.

SR 3.6.1.3.8 Verify a representative sample of reactor 24 months
instrument line EFCVs actuate to the
isolation position on an actual or
simulated instrument line break signal.

SR 3.6.1.3.9 Remove and test the explosive squib from 24 months on a
each shear isolation valve of the TIP STAGGERED TEST
System. BASIS

SR 3.6.1.3.10 Verify the combined lea ge rate for all In accordance
secondary cn m ypass leakage with the
paths is < when pressurized to Primary
> P'. Containment

Leakage Rate
. testing Programy 0.oE fFv>)^fiE' _2

I

'jo4, O.^/ dA (continued)

lThe Xslation time oeah V includes circuit respons tme and
valve mot'O time. In addiin fastest isolation times Xxcluding
circuit Reponse times) of te umain steam lines, when a eaged together

salbf - 3 seconds. Thi moiiaion of SR 3.6.1.3.6 ieffective until
startu from refueling outag R-16 or startup from a for d outage of
suffi ient duration (> 72 h urs) to perform testing to omply with SR
3.6. .3.6 whichever occur first.
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PCIVs
3.6.1.3

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.6.1.3.11 Veri 1 age rate through each MSIV is In accordance
< scfh when tested at > 25.0 psig. with the

Primary
Containment
Leakage Rate
Testing Program

SR 3.6.1.3.12 Verify combined leakage rate through In accordance
hydrostatically tested lines that with the
penetrate the primary containment is Primary
within limits. Containment

Leakage Rate
Testing Program
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3.6 CONTAINMENT SYSTEMS

3.6.1.8 Main Steam Isolati System

LCO 3.6.1.8 Two LE.

APPLICABILITY:

C. Required Action/and
associated Corn etion
Time not met./

BE 3.



Verify elec* ical continuity of each
inboard MSL subsystem heater element
circuitry./

SR 3.6.1.8.3 Perfor/i a system functional test of eai
MSLC tubsystem.
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Secondary Containment
3.6.4.1

3.6 CONTAINMENT SYSTEMS

3.6.4.1 Secondary Containment

LCO 3.6.4.1

APPLICABILITY:

The secondary containment shall be OPERABLE.

MODES 1, 2, and 3,
urhg movement of rradiated fu assemblies

secondary cooainment,
ur~COE ALT AINS

During perations wit 1apotential for draining the reactor
vessel (OPDRVs).

ACTIONS .

CONDITION REQUIRED ACTION COMPLETION TIME

A. Secondary containment A.1 Restore secondary 4 hours
inoperable in MODE 1, containment to
2, or 3. OPERABLE status.

B. Required Action and B.1 Be in MODE 3. 12 hours
associated Completion
Time of Condition A AND
not met.

B.2 Be in MODE 4. 36 hours

(continued)
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Secondary Containment
3.6.4.1
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Secondary Containment
3.6.4.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3-1.1 Verif econdary containment vacuum is 24 hours
F 0.2 inch of vacuum water gauge.

SR 3.6.4.1.2 Verify all secondary containment 31 days
equipment hatches are closed and sealed.

SR 3.6.4.1.3 Verify each secondary containment access 31 days
inner door or each secondary containment
access outer door in each access opening
is closed.

62
a-

Verify each standby gas reatment (SGT)
subsystem will draw d n the secondary
containment to > 0. inch of vacuum
water gauge in < 1 seconds.

24 months on a
STAGGER TEST
BASIS

, I

I-

3.
SR 3.6.4.1/ Verify each SGT subsystem can maintain

> 0.25 inch of vacuum water gauge in-the
secondary containm~4 t for 1 hour at~a \
Kflow rate < 240cfm. ' " -

24 months on a
STAGGERED TEST
BASIS

_____________________________________________________ L _________________________

2�U>
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SCIVs
3.6.4.2

3.6 CONTAINMENT SYSTEMS

3.6.4.2 Secondary Containment Isolation Valves (SCIVs)

LCO 3.6.4.2

APPLICABILITY:

Each SCIV shall be OPERABLE.

1;2 ____ and 3,,_
r~ur 0 ir fdated fue ssemblef te '

{ Secodary conta yment,//
[Durq>_CRE ITFRAT ';- >----

During operations with a potential for draining the reactor
vessel (OPDRVs).

ACTIONS

--------------- NOTES------------------
1. Penetration flow paths may be unisolated intermittently under

administrative controls.

2. Separate Condition entry is allowed for each penetration flow path.

I C

3. Enter applicable Conditions and Required Actions for systems made
inoperable by SCIVs.

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or more A.1 Isolate the affected 8 hours
penetration flow paths penetration flow path
with one SCIV by use of at least
inoperable. one closed and

de-activated
automatic valve,
closed manual valve,
or blind flange.

AND

(continued)

Columbia Generating Station 3.6.4.2-1 Amendment No. 44- 1691

G



SCIVs
3.6.4.2

Required Action and
associated Completion
Time of Condition A
or B not met during
mfe,,L ul u rdu date

fu 1 assemb ies in t
s condary /ontainm t
juring CO E
A~ITFRA~TLNS, or urinr
OPDRVs. -

I
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SGT System
3.6.4.3

3.6 CONTAINMENT SYSTEMS

3.6.4.3 Standby Gas Treatment (SGT) System

LCO 3.6.4.3 Two SGT subsystems shall be OPERABLE.

APPLICABILITY: MODES 1, 2, and 3,
Durin movement of irradiated Te e assemblie in t

Dyecondary co tainment,
*Q CNRF hITA ONS,

During operations wit a potential for draining the reactor
vessel (OPDRVs).

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One SGT subsystem A.1 Restore SGT subsystem 7 days
inoperable. to OPERABLE status.

B. Required Action and B.1 Be in MODE 3. 12 hours
associated Completion
Time of Condition A AND
not met in MODE 1, 2,
or 3. B.2 Be in MODE 4. 36 hours

C. Required Action and- --NOTE-----
associated Completion LCO 3 .3 is not ap icable.
Time of Condition A ------------------
not met during
X muv,,a ui Irrad ate C.1 Place OPERABLE SGT Immediately

fuel as/emblies n thsubsystem in
second/ry cont anment, operation.
urinf CORE
LTE'ATIONQ gr dunn OR

OPDRVs.

(continued)
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SGT System
3.6.4.3

C. (continued) Suspend Vfovement of
irradia d fuel
assemblA es in the
second ry
containment.

Initiate action to
suspend OPDRVs.

D. Two SGT subsystems
inoperable in MODE 1,
2, or 3.

E. Two SGT subsystems
inoperable during
nvement 1Af irraoiT
uel assjmblies ir
secondafy contaii
duringCi ORE /

A

Initiate action to
suspend OPDRVs.
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SGT System
3.6.4.3

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.6.4.3.1 Operate each SGT subsystem for 31 days
> 10 continuous hours with heaters
operating.

SR 3.6.4.3.2 Perform required SGT filter testing in In accordance
accordance with the Ventilation Filter with the VFTP
Testing Program (VFTP).

SR 3.6.4.3.3 Verify each SGT subsystem actuates on an 24 months
actual or simulated initiation signal.

SR 3.6.4.3.4 Verify each SGT filter cooling 24 months
recirculation valve can be opened an the
fan started.

r#c 6 % A.4S 2.. -
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CREF System
3.7.3

3.7 PLANT SYSTEMS

3.7.3 Control Room Emergency Filtration (CREF) System

LCO 3.7.3 Two CREF subsystems shall be OPERABLE.

--------------------------NOTE------------------------------
The control room boundary may be opened intermittently under
administrative control.

APPLICABILITY: MODES 1, 2, and 3,
During ov ent ot irraae tuel assemblie n
/ seco dary containment, / /
t RE,,ALTERAT IONS,

During operations with a potential for draining the reactor
vessel (OPDRVs).

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One CREF subsystem A.1 Restore CREF 7 days
inoperable. subsystem to OPERABLE

status.

B. Two CREF subsystems B.1 Restore control room 24 hours
inoperable due to boundary to OPERABLE
inoperable control status.
room boundary in MODES
1, 2, and 3.

C. Required Action and C.1 Be in MODE 3. 12 hours
Associated Completion
Time of Condition A or AND
B not met in MODE 1,
2, or 3. C.2 Be in MODE 4. 36 hours

(continued)
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CREF System
3.7.3

ACTIONS

CONDITION REQUIRED ACTION [_COMPLETION TIME

0. Required Action and
associated Completion
Time of Condition A
not met-durin
rUvemnit f irra e
fuel as mblies i the
seconda y contal ent,
during/CORE/
ALTERf IONS. p during
lDRVs.

| --- -NOTE ------l
LCO .0 pis not appl abe.

D~-- -----------

D.1 Place OPERABLE CREF
subsystem in
pressurization mode.

OR

I

r0.277 Suspend m ement of
irradiat fuel
assembli s in the
seconda y
contaiment.

AND

D.2.2 Sus end CORE
AL ERATIONS.

AND/

0. .3 I/nitiate action to
suspend OPDRVs.

Immediately

Immedi tely

Immediately

I

I
)

-4. X

Immediately I

E. Two CREF subsystems E.1 Enter LCO 3.0.3. Immediately
inoperable in MODE 1,
2, or 3 for reasons
other than Condition
B.

(continued)
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CREF System
3.7.3

F. Two CREF subsystems -

inoperable during__
WRnmey ot irradTfteaC

fuel semblies i the
secon ary contain ent,
uring CORE /

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.3.1 Operate each CREF subsystem for > 10 31 days
continuous hours with the heaters
operating.

SR 3.7.3.2 Perform required CREF filter testing in In accordance
accordance with the Ventilation Filter with the VFTP
Testing Program (VFTP).

(continued)
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Control Room AC System
3.7.4

3.7 PLANT SYSTEMS

3.7.4 Control Room Air Conditioning (AC) System

LCO 3.7.4

APPLICABILITY:

Two control room AC subsystems shall be OPERABLE.

MODES 1, 2, and.3,
M Y II V .,Xl v Fl r d Id ea T ue sembis th )

[ / econary ontanment, /J

uring operations with a potential for draining the reactor
vessel (OPDRVs).

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One control room AC A.1 Restore control room 30 days
subsystem inoperable. AC subsystem to

OPERABLE status.

B. Required Action and B.1 Be in MODE 3. 12 hours
Associated Completion
Time of Condition A AND
not met in MODE 1, 2,
or 3. B.2 Be in MODE 4. 36 hours

(continued)
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Control Room AC System
3.7.4

ACTIONS
I

CONDITION REQUIRED ACTION .OMPLETION TIME
It

--f--NOTE

C. Required Action and
associated Completionn
Time of ConditionA
not met durinq_/

Ilovm~tof irrai
fuelasemblis/nt
sec dry c nt~net
durn CORE /

GPDRVs.

{-------/-NOTE ----- ------
tCO 3.0~ is not app cable.

C.1 Place OPERABLE Immediately
control room AC
subsystem in
operation.

Initiate action to
suspend OPDRVs.

Immediately

D. Two control room AC D.1 Enter LCO 3.0.3. Immediately
subsystems inoperable
in MODE 1, 2, or 3.

(continued)
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Control Room AC System
3.7.4

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.4.1 Verify each control room AC subsystem has 24 months
the capability to remove the assumed heat
load.

Columbia Generating Station 3.7.4- 3 Amendment No. +0 1691



AC Sources - Shutdown
3.8.2

3.8 ELECTRICAL POWER SYSTEMS

3.8.2 AC Sources -Shutdown

LCO 3.8.2 The following AC electrical power sources shall be OPERABLE:

a. One qualified circuit between the offsite transmission
network and the onsite Class 1E AC electrical power
distribution subsystem(s) required by LCO 3.8.8,
"Distribution Systems -Shutdown";

b. One diesel generator (DG) capable of supplying one
division of the Division 1 or 2 onsite Class 1E AC
electrical power distribution subsystem(s) required by
LCO 3.8.8; and

c. The Division 3 DG capable of supplying the Division 3
onsite Class 1E AC electrical power distribution
subsystem, when the Division 3 onsite Class 1E
electrical power distribution subsystem is required by
LCO 3.8.8.

APPLICABILITY: MODES 4 and i d__ Q
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AC Sources- Shutdown
3.8.2

ACTIONS

LCO 3.0.3 is no applicable. / /- -
_ _ _ _ _ _ _ _ _- - - - - - - - - - - - - - - - -_ _ _-_ _-__ _ _ _ _ _- - --__ _ _ _ _ _ _ _ _ _-_- -_-__ _

CONDITION REQUIRED ACTION COMPLETION TIME

A. Required offsite
circuit inoperable.

------------ NOTE-------------
Enter applicable Condition
and Required Actions of
LCO 3.8.8, when any required
division is de-energized as a
result of Condition A.

A.1 Declare affected
required feature(s)
with no offsite power
available inoperable.

Immediately

OR )
A. 2.1 pe

} LTERAT ONS.

A.2.2 Su Wend movement of
iadiated fuel

semblies in the
econdary
containment.

I

Initiate action to
suspend operations
with a potential for
draining the reactor
vessel (OPDRVs).

Immediately

(continued)

AND

S I
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AC Sources - Shutdown
3.8.2

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. (continued) A.2 Initiate action to Immediately
restore required
offsite power circuit
to OPERABLE status.

B. Division I or 2 B.1 Sus nd CORE Imm iately
required DG ALT RATIONS.
inoperable.

AND

.2 spend movement of Immediately
rradiated fuel
Assemblies in/
/econdary/

/containment. /

B ff Initiate action to Immediately
suspend OPDRVs.

B Initiate action to Immediately
restore required DG
to OPERABLE status.

C. Required Division 3 DG C.1 Declare High Pressure 72 hours
inoperable. Core Spray System

inoperable.

Columbia Generating Station 3.8.2- 3 Amendment No. +49 1691



DC Sources- Shutdown
3.8.5

3.8 ELECTRICAL POWER SYSTEMS

3.8.5 DC Sources- Shutdown

LCO 3.8.5

APPLICABILITY:

DC electrical power subsystem(s) shall be OPERABLE to
support the electrical power distribution subsystem(s)
required by LCO 3.8.8, "Distribution Systems -Shutdown."

MODES 4 an 5X
o iat- fuel assem eit

s ~ondary containmentZ

ACTIONS

----------- NO ------------------------
(LCO3.0. is ot pplcable.//

CONDITION IREQUIRED ACTION I COMPLETION TIME

A. One or more required
DC electrical power
subsystems inoperable

A.1 Declare affected
required feature(s)
inoperable.

OR

'A..1 uspendCR
ALTERATI NS.

AND/

.2.2 Susp gdmovement Of
irr iated fuel
ass mblies in the
se odary
c tinment.

ANDA

Immediately

Immedi ely

Im diately

(continued)
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DC Sources- Shutdown
3.8.5

ACTIONS
I F

CONDITION REQUIRED ACTION COMPLETION TIME

A. (continued)

A.L9

Initiate action to
suspend operations
with a potential for
draining the reactor
vessel.

Initiate action to
restore required DC
electrical power
subsystems to
OPERABLE status.

Immediately

Immediately

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY
4.

SR 3.8.5.1 --------------------NOTE---------
The following SRs are not required to be
performed: SR 3.8.4.6, SR 3'8.4.7, and
SR 3.8.4.8.

For DC electrical power subsystems required
to be OPERABLE the following SRs are
applicable:

In accordance
with applicable
SRs

SR 3.8.4.1,
SR 3.8.4.4,
SR 3.8.4.7,

SR 3.8.4.2, SR 3.8.4.3,
SR 3.8.4.5, SR 3.8.4.6,
and SR 3.8.4.8.

Columbia Generating Station 3.8. 5- 2 Amendment No. 149,1G0 1691



Distribution Systems - Shutdown
3.8.8

3.8 ELECTRICAL POWER SYSTEMS

3.8.8 Distribution Systems-Shutdown

LCO 3.8.8

APPLICABILITY:

The necessary portions of the Division 1, Division 2, and
Division 3 AC and DC electrical power distribution
subsystems shall be OPERABLE to support equipment required
to be OPERABLE.

MODES 4 an
(During movement of rradiated fuel assembli s in t

secondary containment.

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or more required
AC or DC electrical
power distribution
subsystems inoperable.

A.1 Declare associated
supported required
feature(s)
inoperable.

Immediately

OR
fA.2. upn
72.1- Ss-p---- COE

ALTERATI S.

AND

A.2.2 Susp nd movement of
irr diated fuel
as emblies in the
S condary
ontainment.

a N

(mmedi ely

Iedi ately

(continued)
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Distribution Systems - Shutdown
3.8.8

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. (continued) A. Initiate action to Immediately
suspend operations
with a potential for
draining the reactor
vessel.

A., @ Initiate actions to Immediately
restore required AC
and DC electrical
power distribution
subsystems to
OPERABLE status.

A. Declare associated Immediately
required shutdown
cooling subsystem(s)
inoperable and not in
operation.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.8.8.1 Verify correct breaker alignments and 7 days
indicated power availability to required AC
and DC electrical power distribution
subsystems.

_

Columbia Generating Station 3.8.8- 2 Amendment No. +49 1691



RPV Water Level -New Fuel or Control Rods
3.9.7

3.9 REFUELING OPERATIONS

3.9.7 Reactor

LCO 3.9.7

Pressure Vessel (RPV) Water Level - New Fuel or Control Rods

RPV water level shall be ' 1ft above the top of irradiated
fuel assemblies seated wi the RPV.

APPLICABILITY: During movement of new fuel assemblies or handling of
control rods within the RPV when irradiated fuel
assemblies are seated within the RPV.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. RPV water level not A.1 Suspend movement of Immediately
within limit. new fuel assemblies

and handling of
control rods within
the RPV.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE k FREQUENCY
-,'

SR 3.9.7.1 Verify RPV water level is > j> t above the 24 hours
top of irradiated fuel asse 1ies seated
within the RPV.

I4
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( w

3.9 REFUELING OPERATIONS

3.9.10 Decay Time

Decay Time
3.9.10

LCO 3.9.10

APPLICABILITY:

The reactor shall be subcritical for at least 24 hours.

During in-vessel fuel movement.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. With the reactor A.1 Suspend in-vessel Immediately
subcritical for less fuel movement.
than 24 hours.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.9.10.1 Verify the reactor has been subcritical for Once prior to
at least 24 hours. the movement of

irradiated fuel
in the reactor
vessel.

Columbia Generating Station 3. 9.10-1 Amendment No.



5.5 Programs and Manuals

5.5.7 Ventilation Filter Testing Progrz

ESF Ventilation Systi

SGT System
CREF System

b. Demonstrate for each of the
of the charcoal adsorber she
bypass < 0.05% when tested i
Guide 1.52, Revision 2, and
flowrate specified below:

ESF Ventilation Syst(

SGT System
CREF System

c. Demonstrate for each of the
test of a sample of the char
described in Regulatory Guid
methyl iodide penetration le
below when tested in accorda
temperature of 300C (86oF) a
specified below. Testing of
conducted at a face velocity

Programs and Manuals
5.5

im (VFTP) (continued)

em Flowrate (cfm)

900 to 1100

ESF systems that an inplace test
ows a penetration and system
in accordance with Regulatory
ASME N510-1989 at the system

em Flowrate (cfm)

900 to 1100

ESF systems that a laboratory
'coal adsorber, when obtained as
e 1.52, Revision 2, shows the
ss than the value specified
nce with ASTM D3803-1989 at a
nd the relative humidity
the SGT System will also be
of 75 feet per minute.

em Penetration (X) RH (X)

0.5 70
2.5 70

ove testing parameters of
ty, and face velocity are as

ESF systems that the pressure
A filters and the charcoal
alue specified below when tested
fied below:

em Delta P Flowrate
(inches wg) (cfm)

< 8
< 6 900 to 1100

ESF Ventilation SystE

SGT System
CREF System

Allowed tolerances in the ab
temperature, relative humidi
specified in ASTM D3803-1989

d. Demonstrate for each of the
drop across the combined HEP
adsorbers is less than the v
at the system flowrate speci

ESF Ventilation Syste

SGT System
CREF System

(continued)

Columbia Generating Station 5. 5- 7 Amendment No. 149,169 182



LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment 4
Page 1 of 1

Proposed Technical Specification Base Changes (marked up)

B ii
B iii
B 2.1.1-5
B 2.1.2-1
B 2.1.2-2
B 2.1.2-3
B 3.1.6-5
B 3.1.7-1
B 3.1.7-2
B 3.1.7-3
B 3.1.7-6
B 3.1.8-1
B 3.1.8-5
B 3.2.3-1
B 3.3.6.1-8
B 3.3.6.1-9
B 3.3.6.1-12
B 3.3.6.1-14
B 3.3.6.1-16
B 3.3.6.1-25
B 3.3.6.2-1
B 3.3.6.2-2
B 3.3.6.2-5
B 3.3.6.2-6
B 3.3.6.2-7
B 3.3.6.2-8
B 3.3.6.2-10
B 3.3.6.2-12
B 3.3.7.1-1
B 3.3.7.1-2
B 3.3.7.1-4
B 3.3.7.1-5
B 3.3.7.1-6
B 3.3.7.1-9
B 3.3.7.1-10
B 3.3.7.1-1 1

B 3.4.8-1
B 3.4.8-2
B 3.4.8-3
B 3.4.8-4
B 3.6.1.1-2
B 3.6.1.1-5
B 3.6.1.3-2
B 3.6.1.3-15
B 3.6.1.5-1
B 3.6.1.5-4
B 3.6.1.8-1
B 3.6.1.8-2
B 3.6.1.8-3
B 3.6.1.8-4
B 3.6.4.1-1
B 3.6.4.1-2
B 3.6.4.1-3
B 3.6.4.1-4
B 3.6.4.1-5
B 3.6.4.1-6
B 3.6.4.2-1
B 3.6.4.2-2
B 3.6.4.2-3
B 3.6.4.2-5
B 3.6.4.2-6
B 3.6.4.2-7
B 3.6.4.2-8
B 3.6.4.3-1
B 3.6.4.3-2
B 3.6.4.3-3
B 3.6.4.3-4
B 3.6.4.3-5
B 3.6.4.3-6
B 3.6.4.3-7
B 3.7.3-1

B 3.7.3-2
B 3.7.3-3
B 3.7.3-5
B 3.7.3-6
B 3.7.3-8
B 3.7.4-2
B 3.7.4-3
B 3.7.4-4
B 3.7.4-5
B 3.7.4-6
B 3.7.5-1
B 3.7.5-3
B 3.7.7-1
B 3.7.7-3
B 3.8.2-1
B 3.8.2-3
B 3.8.2-4
B 3.8.2-5
B 3.8.2-6
B 3.8.5-1
B 3.8.5-2
B 3.8.5-3
B 3.8.5-4
B 3.8.8-1
B 3.8.8-2
B 3.8.8-3
B 3.8.8-4
B 3.8.8-5
B 3.9.6-1
B 3.9.6-2
B 3.9.6-3
B 3.9.7-1
B 3.9.7-2
B 3.9.7-3
B 3.9.10-1
B 3.9.10-2



TABLE OF CONTENTS

B 3.3
B 3.3.6.1

B 3.3.6.2

B 3.3.7.1

B 3.3.8.1
B 3.3.8.2

B
B
B
B
B
B
B
B
B
B

3.4
3.4.1
3.4.2
3.4.3
3.4.4
3.4.5
3.4.6
3.4.7
3.4.8
3.4.9

INSTRUMENTATION (continued)
Primary Containment Isolation

Instrumentation . . . . . . . . . . . . . . .
Secondary Containment Isolation

Instrumentation . . . . . . . . . . . . . . .
Control Room Emergency Filtration (CREF) System

Instrumentation . . . . . . . . . . . . . . .
Loss of Power (LOP) Instrumentation . . . . . .
Reactor Protection System (RPS) Electric

Power Monitoring . . . . . . . . . . . . . .

REACTOR COOLANT SYSTEM (RCS)
Recirculation Loops Operating . . . . . . . . .
Jet Pumps ...................
Safety/Relief Valves (SRVs) - 2 25% RTP .

Safety/Relief Valves (SRVs) - < 25% RTP . . . .
RCS Operational LEAKAGE . . . . . . . . . . . .
RCS Pressure Isolation Valve (PIV) Leakage . . .
RCS Leakage Detection Instrumentation . . . . .
RCS Specific Activity . . . . . . . . . . . . .
Residual Heat Removal (RHR) Shutdown Cooling

System- Hot Shutdown . . . . . . . . . . . .
Residual Heat Removal (RHR) Shutdown Cooling

System -Cold Shutdown . . . . . . . . . . . .
RCS Pressure and Temperature (P/T) Limits . . .
Reactor Steam Dome Pressure . . . . . . . . . .

EMERGENCY CORE COOLING SYSTEMS (ECCS) AND REACTOR
CORE ISOLATION COOLING (RCIC) SYSTEM
ECCS -Operating . . . . . . . . . . . . . . . .
ECCS -Shutdown . . . . . . . . . . . . . . . . .
RCIC System . . . . . . . . . . . . . . . . . .

CONTAINMENT SYSTEMS
Primary Containment . . . . . . . . . . . . . .
Primary Containment Air Lock . . . . . . . . . .
Primary Containment Isolation Valves (PCIVs) . .
Drywell Air Temperature . . . . . . . . . . . .
Residual Heat Removal (RHR) Drywell Spray
Reactor Building-to-Suppression Chamber

Vacuum Breakers . . . . . . . . . . . . . . .
Suppression Chamber-to-Drywell Vacuum Breakers

B 3.3.6.1-1

B 3.3.6.2-1

B 3.3.7.1-1
B 3.3.8.1-1

B 3.3.8.2-1

B
B
B
8
B
B
B
B

3.4.1-1
3.4.2-1
3.4.3-1
3.4.4-1
3.4.5-1
3.4.6-1
3.4.7-1
3.4.8-1

B 3.4.9-1
B 3.4.10

B 3.4.11
B 3.4.12

B 3.5

B
B
B

B
B
B

B
B
B

B
B
B
B
B
B
B

3.5.1
3.5.2
3.5.3

3.6
3.6.1.1
3.6.1.2
3.6.1.3
3.6.1.4
3.6.1.5
3.6.1.6

3.4.10-1
3.4.11-1
3.4.12-1

3.5.1-1
3.5.2-1
3.5.3-1

3.6.1. 1-1
3.6.1.2-1
3.6.1.3-1
3.6.1.4-1
3.6.1.5-1

B
B
B
B
B

B 3.6.1.6-1
B 3.6.1.7-1 (B 3.6.1.7

g 3.617sr/ - Min beam yulaion vavve -aaeS~~

B 3.6.2.1 Suppression Pool Average Temperature . . . . . . B 3.6.2.1-1
B 3.6.2.2 Suppression Pool Water Level . . . . . . . . . . B 3.6.2.2-1
B 3.6.2.3 Residual Heat Removal (RHR) Suppression Pool

Cooling. . . . B 3.6.2.3-1

(continued)
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TABLE OF CONTENTS

B 3.6
B 3.6.3.1
B 3.6.3.2
B 3.6.3.3
B 3.6.4.1
B 3.6.4.2

B 3.6.4.3

B 3.7
8 3.7.1

B 3.7.2

B 3.7.3
B 3.7.4
B 3.7.5
B 3.7.6
B 3.7.7

B 3.8
B 3.8.1
B 3.8.2
B 3.8.3
B 3.8.4
B 3.8.5
B 3.8.6
B 3.8.7
B 3.8.8

B 3.9
B 3.9.1
B 3.9.2
B 3.9.3
B 3.9.4
B 3.9.5
B 3.9.6

B 3.9.7

B 3.9.8

CONTAINMENT SYSTEMS (continued)
Primary Containment Hydrogen Recombiners . . . .
Primary Containment Atmosphere Mixing System . .
Primary Containment Oxygen Concentration . . . .
Secondary Containment . . . . . . . . . . . . .
Secondary Containment Isolation

Valves (SCIVs) . . . . . . . . . . . . . . .
Standby Gas Treatment (SGT) System . . . . . . .

B
B
B
B

3.6.3. 1-1
3.6.3.2-1
3.6.3.3-1
3.6.4.1-1

B 3.6.4.2-1
B 3.6.4.3-1

PLANT SYSTEMS
Standby Service Water (SW) System and

Ultimate Heat Sink (UHS) . . . . . . .
High Pressure Core Spray (HPCS) Service

Water (SW) System . . . . . . . . . . .
Control Room Emergency Filtration (CREF) S,
Control Room Air Conditioning (AC) System
Main Condenser Offgas . . . . . . . . . .
Main Turbine Bypass System . . . . . . . .
Spent Fuel Storage Pool Water Level . . .

.. . B 3.7.1-1

ystem
. B 3.7.2-1
B 3.7.3-1

ELECTRICAL POWER SYSTEMS
AC Sources -Operating . . . . . . . . . . . .
AC Sources-Shutdown . . . . . . . . . . . . .
Diesel Fuel Oil, Lube Oil, and Starting Air
DC Sources -Operating . . . . . . . . . . . .
DC Sources -Shutdown . . . . . . . . . . . . .
Battery Cell Parameters . . . . . . . . . . .
Distribution Systems -Operating . . . . . . .
Distribution Systems -Shutdown . . . . . . . .

REFUELING OPERATIONS
Refueling Equipment Interlocks . . . . . . . .
Refuel Position One-Rod-Out Interlock . . .
Control Rod Position . . . . . . . . . . . . .
Control Rod Position Indication . . . . . . .
Control Rod OPERABILITY -Refueling . . . . . .
Reactor Pressure Vessel (RPV) Water

Level - Irradiated Fuel . . . . . . . . . .
Reactor Pressure Vessel (RPV) Water

Level - New Fuel or Control Rods . . . . . .
Residual Heat Removal (RHR)- High Water Level

3.7.4-1
3.7.5-1
3.7.6-1
3.7.7-1

3.8.1-1
3.8.2-1
3.8.3-1
3.8.4-1
3.8.5-1
3.8.6-1
3.8.7-1
3.8.8-1

3.9.1-1
3.9.2-1
3.9.3-1
3.9.4-1
3.9.5-1

. B 3.9.6-1

B
B

3.9.7-1
3.9.8-1

B 3.9.9 Residual Heat Removal (RHR)- Low Water Level . . B 3.9.9-1

B 3.10 SPECIAL OPERATIONS
B 3.10.1 Inservice Leak and Hydrostatic Testing

Operation . . . . . . . . . . . . . . B 3.10.1-1
B 3.10.2 Reactor Mode Switch Interlock Testing . . . . . B 3.10.2-1
B 3.10.3 Single Control Rod Withdrawal- Hot Shutdown . B 3.10.3-1

(continued)
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Reactor Core SLs
B 2.1.1

BASES

SAFETY LIMITS SL 2.1.1.2 ensure that the core operates within the fuel
(continued) design criteria. SL 2.1.1.3 ensures that the reactor vessel

water level is greater than the top of the active irradiated
fuel in order to prevent elevated clad temperatures and
resultant clad perforations.

APPLICABILITY SLs 2.1.1.1. 2.1.1.2. and 2.1.1.3 are applicable in all
MODES.

SAFETY Ll'
VIOLATION'

MIT Exceeding an SL may cause fuel damage and cre
for ctive releases in excess of 10 CF

- limits (Ref. 6). Therefore, it is required
insert a insertable control rods and restore compliance

with the SL within 2 hours. The 2 hour Completion Time
ensures that the operators take prompt remedial action and
the probability of an accident occurring during this period
is minimal.

REFERENCES 1. 10 CFR 50, Appendix A, GOC 10.

2. EMF-2209(P)(A) Revision 1. "SPCB Critical Power
Correlation," Siemens Power Corporation, July 2000.

3. EMF-2245(P)(A) Revision 0, "Application of Siemens
Power Corporation's Critical Power Correlation to Co-
resident Fuel," Siemens Power Corporation. August
2000.

4. NE-02-02-15 Revision 0. "Computation of SPCB Critical
Power Correlation Additive Constants for SVEA-96,"
November 2002.

5. ANF-524(P)(A) Revision 2 and Supplements 1 and 2. -ANF
Critical Power Methodology for Boiling Water
Reactors," Advanced Nuclear Fuels, November 1990.
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RCS Pressure SL
B 2.1.2

B 2.0 SAFETY LIMITS (SLs)

B 2.1.2 Reactor Coolant System (RCS) Pressure SL

BASES

BACKGROUND The SL on reactor steam dome pressure protects the RCS
against overpressurization. In the event of fuel cladding
failure, fission products are released into the reactor
coolant. The RCS then serves as the primary barrier in
preventing the release of fission products into the
atmosphere. Establishing an upper limit on reactor steam
dome pressure ensures continued RCS integrity. According to
10 CFR 50, Appendix A, GDC 14, "Reactor Coolant Pressure
Boundary," and GDC 15, "Reactor Coolant System Design"
(Ref. 1), the reactor coolant pressure boundary (RCPB) shall
be designed with sufficient margin to ensure that the design
conditions are not exceeded during normal operation and
anticipated operational occurrences (AOOs).

During normal operation and A0Os, RCS pressure is limited
from exceeding the design pressure by more than 10%, in
accordance with Section III of the ASME Code (Ref. 2). To
ensure system integrity, all RCS components are
hydrostatically tested at 125% of design pressure, in
accordance with ASME Code requirements, prior to initial
operation when there is no fuel in the core. Any further
hydrostatic testing with fuel in the core may be done under
LCO 3.10.1, "Inservice Leak and Hydrostatic Testing
Operation." Following inception of unit operation, RCS
components shall be pressure tested in accordance with the
requirements of ASME Code, Section XI (Ref. 3).

Overpressurization of the RCS could result in a breach of
the RCPB reducing the number of protective barriers designed
to rA ve releases from exceeding the itmits
specified in 10 CF teria (Ref. 4).

Ithsoccurreincnutonwh a fuelcadn
failure, the number of protective barriers designed to
prevent radioactive releases from exceeding the limits would
be reduced.

APPLICABLE The RCS safety/relief valves and the Reactor Protection
SAFETY ANALYSES System Reactor Vessel Steam Dome Pressure-High Function

have settings established to ensure that the RCS pressure SL
will not be exceeded.

(continued)
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RCS Pressure SL
B 2.1.2

BASES

APPLICABLE
SAFETY ANALYSES

(continued)

The RCS pressure SL has been selected such that it is at a
pressure below which it can be shown that the integrity of
the system is not endangered. The reactor pressure vessel
is designed to ASME. Boiler and Pressure Vessel Code.
Section III. 1971 Edition, including Addenda through the
summer of 1971 (Ref. 5). which permits a maximum pressure
transient of 110%, 1375 psig, of design pressure 1250 psig.
The SL of 1325 psig, as measured in the reactor steam dome.
is equivalent to 1375 psig at the lowest elevation of the
RCS. The RCS is designed to ASME Code, Section III,
1971 Edition, including Addenda through the summer of 1971
(Ref. 5). for the reactor recirculation piping, which
permits a maximum pressure transient of 125% of design
pressures of 1250 psig for suction piping and 1550 psig for
discharge piping. The RCS pressure SL is selected to be the
lowest transient overpressure allowed by the applicable
codes.

SAFETY LIMITS The maximum transient pressure allowable in the RCS pressure
vessel under the ASME Code. Section III, is 110% of design
pressure. The maximum transient pressure allowable in the
RCS piping, valves, and fittings is 125% of design pressures
of 1250 psig for suction pioing and 1550 psig for. discharge
piping. The most limittng of these allowances is the 110%
of design pressure; therefore, the SL on maximum allowable
RCS pressure is established at 1325 psig as measured at the
reactor steam dome.

APPLICABILITY SL 2.1.2 applies in all MODES.

SAFETY LIMIT Exceeding the RCS pressure SL may cause RCS failure and
VIOLATIONS create a potential for radioactive releases in excess of

0 limits (Ref. 4).
50.,71 Therefore, it is required to insert all insertable control

rods and restore compliance with the SL within 2 hours. The
2 hour Completion Time ensures that the operators take
prompt remedial action and the probability of an accident
occurring during this period is minimal.

(continued)

Columbia Generating Station B 2.1.2-2 Revision 241



RCS Pressure SL
B 2.1.2

BASES (continued)

REFERENCES 1. 10 CFR 50, Appendix A. GDC 14, GDC 15, and GDC 28.

2. ASME. Boiler and Pressure Vessel Code, Section III,
Article NB-7000.

3. ASME. Boiler and Pressure Vessel Code, Section XI,
Article IW-5000.

4. 1 0 C F R --

5. ASME, Boiler and Pressure Vessel Code. 1971 Edition,
Addenda, summer of 1971.
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Rod Pattern Control
B 3.1.6

BASES

REFERENCES 4. NUREG-0800, "Standard Review Plan," Section 15.4.9,
(continued) "Radiological Consequences of Control Rod Drop

Accident (BWR)," Revision 2, July 1981.

5. 10F 0 , Deterf ation of-E clusIon A
ulatX Zone and P pulation Cefter Dista e.

6. NEDO-10527, "Rod Drop Accident Analysis for Large
BWRs," (including Supplements 1 and 2), March 1972.

7. NEDO-21778-A, "Transient Pressure Rises Affected
Fracture Toughness Requirements for Boiling Water
Reactors," December 1978.

( &JALCa. 8. ASME, Boiler and Pressure Vessel Code, Section III.

9. NEDO-21231, "Banked Position Withdrawal Sequence,"
January 1977.

10. 10 CFR 50.36(c)(2)(ii).
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SLC System
B 3.1.7

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.7 Standby Liquid Control (SLC) System

BASES

CKGROUNh_

The SLC System is also used
to maintain suppression pool
pH at or above 7 following a
loss of coolant accident
(LOCA) involving
significant fission product
releases. Maintaining
suppression pool pH levels at
or above 7 following an
accident ensures that iodine
will be retained in the
suppression pool water (Ref.

S 4).L
'--t-'APPLICABLE

SAFETY ANALYSES

The SLC System is designed to provide the capability of
bringing the reactor, at any time in a fuel cycle, from full
power and minimum control rod inventory (which is at the
peak of the xenon transient) to a subcritical condition with
the reactor in the most reactive xenon free state without
taking credit for control rod movement. The SLC System
satisfies the requirements of 10 CFR 50.62 (Ref. 1) on
anticipated transient without scram (ATWS).

The SLC System consists of a boron solution storage tank,
two positive displacement pumps, two explosive valves, which
are provided in parallel for redundancy, and associated
piping and valves used to transfer borated water from the
storage tank to the reactor pressure vessel (RPV). The
borated solution is discharged through the high pressure
core spray system sparger.

The SLC System is manually initiated from the main control
room, as directed by the emergency operating procedures, if
the operator believes the reactor cannot be shut down, or
kept shut down, with the control rods. The SLC System is
used in the event that not enough control rods can be
inserted to accomplish shutdown and cooldown in the normal
manner. The SLC System injects borated water into the
reactor core to compensate for all of the various reactivity
effects that could occur during plant operation. To meet
this objective, it is necessary to inject, using both SLC
pumps, a quantity of boron that produces a concentration of
660 ppm of natural boron in the reactor core, including
recirculation loops, at 700F and normal reactor water level.
To allow for potential leakage and imperfect mixing in the
reactor system, an additional amount of boron equal to 25X
of the amount cited above is added (Ref. 2). An additional
275 ppm is provided to accommodate dilution in the RPV by
the residual heat removal shutdown cooling piping. The
temperature versus concentration limits in Figure 3.1.7-1

(continued)
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Following a LOCA, offsite doses from the accident will remain within 10 CFR 50.67,
"Accident Source Term," limits (Ref. 5) provided sufficient iodine activity is retained
in the suppression pool. Credit for iodine deposition in the suppression pool is
allowed (Ref. 4) as long as suppression pool pH is maintained at or above 7. SLC System
Alternative Source Term analyses credit the use of the SLC System for maintaining B 3.1.7
the pH of the suppression pool at or above 7.

APPLICABLE are calculated such that the required concentration is
SAFETY ANALYSES achieved. This quantity of borated solution is the amount

(continued) that is above the pump suction shutoff level in the boron
solution storage tank. No credit is taken for the portion
of the tank volume that cannot be injected.

The SLC System satisfies Crite e4 g3.

LCO The OPERABILITY of the SLC System provides backup capability
A ' at ~ for reactivity control, independent of normal reactivity

rol provisions provided by the control rodsN.*A The
O? L .p R FBL .e 5 TC ! )5v% PERABILITY of the SLC System is based on the conditions of

cxip.14 4V he borated solution in the storage tank and the
availability of a flow path to the RPV, including the

. d baot*o uf % OPERABILITY of the pumps and valves. Two SLC subsystems are
o°AS frequired to be OPERABLE, each containing an OPERABLE pump,

.g an explosive valve and associated piping, valves, and
to t. srnd nuntnl e aiirpn nOPERABLE flow path.

APn MODES 1 and 2, s ut own capability is required. In
DES 3 and 4, control rods are not able to be withdrawn

2N 'S r A 5nce the reactor mode switch is in shutdown and a control
od block is applied. This provides adequate controls to

^Cec?4."' R ensure the reactor remains subcritical. In MODE 5, only a
single control rod can be withdrawn from a core cell

(v containing fuel assemblies. Demonstration of adequate SDM
(LCO 3.1.1, "SHUTDOWN MARGIN (SDM)") ensures that the
reactor will not become critical. Therefore, the SLC tem a

ACTIONS A.1

If one SLC System subsystem is inoperable, the inoperable
subsystem must be restored to OPERABLE status within 7 days.
In this condition, the remaining OPERABLE subsystem is
adequate to perform the original licensing basis shutdown
function. However, the overall capability is reduced since
the remaining OPERABLE subsystem cannot meet the
requirements of Reference 1. The 7 day Completion Time is
based on the availability of an OPERABLE subsystem capable

(continued)
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SLC System
B 3.1.7

BASES

ACTIONS A.1 (continued)

of performing the original licensing basis SLC System
function and the low probability of a Design Basis Accident
(DBA) or severe transient occurring concurrent with the

* failure of the C6ntrol Rod Drive System to shut down the
plant: ' *

I'

B.1

If'both.SLC.subsystems are inoperable,, at least one
subsystem must be restored to OPERABLE status within
8 hours-. The allowed Completion Time of 8 hours is
considered acceptable, given the low probability of a DBA or
transient occurring concurrent with the failure of the

•17

control rods to snut aown tne reactor.

Hi ZZMobs q X,.4k.%*lx
C. 1 1 C, s AL

If any Required Action and associate Completion Time is n
the plant must be brought to a ODE in which the ICO

apply. To achieve this satus, the plant must be
within 12 hours. The allowed Completion

m easonablp based on operating
experience, to--reach om full power conditions in an
orderly manner a allenging plant systems.

SURVEILLANCE
REQUIREMENTS

SR 3.1.7.1 and SR 3.1.7.2

SR-3.1.7.1 and SR 3.1.7.2 are 24 hour Surveillances,
verifying certain characterTstics of the SLC System (e.g.,
the volume and temperature of the borated solution in the
storage tank), thereby ensuring the SLC System OPERABILITY
without disturbing normal plant operation. These
Surveillances ensure the proper borated solution and
temperature are maintained. Maintaining a minimum specified
borated solution temperature is important in ensuring that
the boron remains in solution and does not precipitate out
in the storage tank. The 24 hour Frequency of these SRs is
based on operating experience that has shown there are
relatively slow variations in the measured parameters of
volume and temperature.

(continued)
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SLC System
B 3.1.7

BASES

SURVEILLANCE
REQUIREMENTS

SR 3.1.7.7 and SR 3.1.7.8 (continued)

potential for an unplanned transient if the Surveillance
were performed with the reactor at power. Operating
experience has shown these components usually pass the
Surveillance test when-performed at the 24 month Frequency;
therefore, the Frequency was concluded to be acceptable from
a reliability standpoint.

Demonstrating that all heat traced piping between the boron
solution storage tank and the suction valve to the injection
pumps is unblocked ensures that there is a functioning flow
path for injecting the sodium pentaborate solution. An
acceptable method for verifying that the suction piping up
to the suction valve is unblocked is to pump from the
storage tank to the test tank. Upon completion of this
verification, the pump suction piping must be drained and
flushed with demineralized water since the suction piping
between the pump suction valve and pump suction is not heat
traced. The 24 month Frequency is acceptable since there is
a low probability that the subject piping will be blocked
due to precipitation of the boron from solution in the heat
traced piping. However, if, in performing SR 3.1.7.1, it is
determined that the temperature of the solution in the
storage tank has fallen below the specified minimum,
SR 3.1.7.8 must be performed once within 24 hours after the
solution temperature is restored within the limits of
Figure 3.1.7-1.

REFERENCES 1. 10 CFR 50.62.

2. FSAR, Section 9.3.5.3.

3. 10 CFR 50.36(c)(2)(ii).

I

5 q. N URZ6 -lq~, A"-.; Ba9~t
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-PloAs% I &,d LX2 ri a.-n, §

1 <. la CtFv "I.6 '0LO >_ bV~A Q^' /ie"-a
An_ /

Columbia Generating Station B 3.1.7-6 Revision 241



SDVOW _nt and Drain Valves
B 3.1.8

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.8 Scram Discharge Volume (SDV) Vent and Drain Valves

BASES

BACKGROUND The SDV vent and drain valves are normally open- and
discharge any accumulated water in the SDV to ensure that
sufficient volume is available at all times to allow a
complete scram. During a scram, the SDV vent and drain
valves close to contain reactor water. The SDV consists of
header piping that connects to each hydraulic control unit
(HCU) and drains into an instrument volume. There are two
headers and two instrument volumes, each receiving
approximately one half of the control rod drive (CRD)
discharges. The two instrument volumes are connected to a
common drain line with two valves in series. Each header is
connected to a common vent line with two valves in series.
The header piping is sized to receive and contain all the
water discharged by the CRDs during a scram. The design and
functions of the SOV are described in Reference 1.

APPLICABLE
SAFETY ANALYSES

The Design Basis Accident and transient analyses assume all
the control rods are capable of scramming. The primary
function of the SDV is to limit the amount of reactor
coolant discharged during a scram. The acceptance criteria
for the SDV vent and drain valves are that they operate
automatically to:

a. Close during scram to limit the amount of reactor
coolant discharged so that adequate core cooling is
maintained and offsite doses remain within the limits
of 10 CFR , f 2); and

b. Open on scram rese to maintain the SDV vent and drain
path open so there is sufficient volume to accept the
reactor coolant discharged during a scram.

Isolation of the SDV can also be accomplished by manual
closure of the SDV valves. Additionally, the discharge of
reactor coolant to the SDV can be terminated by scram reset
or closure of the HCU manual isolation valves. For a
bounding leakage ca e, the offsite doses are well within the
limits of 10 CFR f (Ref. 2) and adequate core cooling is
maintained (Ref. 3). The SDV vent and drain valves also
allow continuous rainage of the SDV during normal plant

(continued)
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SDM ant and Drain Valves
B 3.1.8

BASES

SURVEILLANCE SR 3.1.8.3 (continued)
REOUIREMENTS

unplanned transient if the Surveillance were performed with
the reactor at power. Operating experience has shown these
components usually pass the Surveillance when performed at
the 24 month Frequency; therefore, the Frequency was
concluded to be acceptable from a reliability standpoint.

REFERENCES 1. FSAR, Section 4.6.1.1._.4.2.5.

2. 10 CFR

3. NUREG-0803. "Generic Safety Evaluation Report
Regarding Integrity of BWR Scram System Piping."
August 1981.

4. 10 CFR 50.36(c)(2)(ii).
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LHGR
B 3.2.3

B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.3 LINEAR HEAT GENERATION RATE (LHGR)

BASES

BACKGROUND The LHGR is a measure of the heat generation rate of a fuel
rod in a fuel assembly at any axial location. Limits on the
LHGR are specified to ensure that fuel design limits are not
exceeded anywhere in the core during normal operation,
including anticipated operational occurrences (AOOs).
Exceeding the LHGR limit could potentially result in fuel
damage and subsequent release of radioactive materials.
Fuel design limits are specified to ensure that fuel system
damage, fuel rod failure or inability to cool the fuel does
not occur during the anticipated operating conditions
identified in References 1 and 2.

APPLICABLE The analytical methods and assumptions used in evaluating
SAFETY ANALYSES the fuel system design are presented in References 3, 4, 5,

and 6. The fuel assembly is designed to ensure (in
conjunction with the core nuclear and thermal hydraulic
design, plant equipment, instrumentation, and protection
system) that fuel damage will not result in the release of

_dinaCtiy t f ials is excess of the guidelines of 10 CFR,
5Parts 20, 50, an he mechanisms that could cause fuel

damage during operational transients and that are considered
in fuel evaluations are:

I

a. Rupture of the fuel rod cladding caused by strain from
the relative expansion of the UO2 pellet; and

b. Severe overheating of the fuel rod cladding caused by
inadequate cooling.

A value of 1% plastic strain of the fuel cladding has been
defined as the limit below which fuel damage caused by
overstraining of the fuel cladding is not expected to occur
(Reference 7).

Fuel design evaluations have been performed and demonstrate
that the 1% fuel cladding plastic strain design limit is not
exceeded during continuous operation with LHGRs up to the
operating limit specified in the COLR. The analysis also
includes allowances for short term transient operation above
the operating limit to account for AO0s.

(continued)
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Primary Containment Isolation Instrumentation
B 3.3.6.1

BASES

APPLICABLE 1.a. Reactor Vessel Water Level- Low Low. Level 2
SAFETY ANALYSES, (continued)
LCO, and
APPLICABILITY recirculation line break (Ref. 1). The isolation of the MSL

on Level 2 supports actions to ensure that offsite dose
limits are not exceeded for a DBA.

Reactor vessel water level signals are initiated from four
differential pressure switches that sense the difference
between the pressure due to a constant column of water
(reference leg) and the pressure due to the actual water
level (variable leg) in the vessel. Four channels of
Reactor Vessel Water Level - Low Low, Level 2 Function are
available and are required to be OPERABLE to ensure that no
single instrument failure can preclude the isolation
function.

The Reactor Vessel Water Level - Low Low, Level 2 Allowable
Value is chosen to be the same as the ECCS Level 2 Allowable
Value (LCO 3.3.5.1) to ensure that the MSLs isolate on a
potential loss of coolant accidepn (LOCA) to prevent offsite
doses from exceeding 10 CFR

This Function isolates the Group I valves.

1.b. Main Steam Line Pressure- Low

Low MSL pressure indicates that there may be a problem with
the turbine pressure regulation, which could result in a low
reactor vessel water level condition and the RPV cooling
down more than 1000F/hour if the pressure loss is allowed to
continue. The Main Steam Line Pressure- Low Function is
directly assumed in the analysis of the pressure regulator
failure (Ref. 4). For this event, the closure of the MSIVs
ensures that the RPV temperature change limit (100IF/hour)
is not reached. In addition, this Function supports actions
to ensure that Safety Limit 2.1.1.1 is not exceeded. (This
Function closes the MSIVs prior to pressure decreasing below
785 psig, which results in a scram due to MSIV closure, thus
reducing reactor power to < 25X RTP.)

The MSL low pressure signals are initiated from four sensors
that are connected to the MSL header. The sensors are
arranged such that, even though physically separated from
each other, each sensor is able to detect low MSL pressure.

(continued)
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Primary Containment Isolation Instrumentation
B 3.3.6.1

BASES

APPLICABLE 1.b. Main Steam Line Pressure- Low (continued)
SAFETY ANALYSES,
LCO, and Four channels of Main Steam Line Pressure- Low Function are
APPLICABILITY available and are required to be OPERABLE to ensure that no

single instrument failure can preclude the isolation
function.

The Allowable Value was selected to be high enough to
prevent excessive RPV depressurization.

The Main Steam Line Pressure- Low Function is only required
to be OPERABLE in MODE 1 since this is when the assumed
transient can occur (Ref. 4).

This Function isolates the Group 1 valves.

1.c. Main Steam Line Flow- High

Main Steam Line Flow -High is provided to detect a break of
the MSL and to initiate closure of the MSIVs. If the steam
were allowed to continue flowing out of the break, the
reactor would depressurize and the core could uncover. If
the RPV water level decreases too far, fuel damage could
occur. Therefore, the isolation is initiated on high flow
to prevent or minimize core damage. The Main Steam Line
Flow- High Function is directly assumed in the analysis of
the main stream line break (MSLB) accident (Ref. 5). The
isolation action, along with the scram function of the RPS,
ensures that the fuel peak cladding temperature remains
below the limits of 10 iFR 50.46 and offsite doses do not

the 10 CFR mits.

flow signals are initiated from 16 differential
pressure switches that are connected to the four MSLs (the
differential pressure switches sense d/p across a flow
restrictor). The differential pressure switches are
arranged such that, even though physically separated from
each other, all four connected to one steam line would be
able to detect the high flow. Four channels of Main Steam
Line Flow -High Function for each MSL (two channels per trip
system) are available and are required to be OPERABLE so
that no single instrument failure will preclude detecting a
break in any individual MSL.

(continued)

Columbia Generating Station B 3.3.6.1-9 Revision 241



Primary Containment Isolation Instrumentation
B 3.3.6.1

BASES

APPLICABLE 1.g. Manual Initiation (continued)
SAFETY ANALYSIS,
LCO, and It is retained for overall redundancy and diversity of the
APPLICABILITY isolation function as required by the NRC in the plant

licensing basis.

There are four switch and push buttons (with two channels
per switch and push button) for the logic, with two switch
and push buttons per trip system. Eight channels of Manual
Initiation Function are available and are required to be
OPERABLE in MODES 1, 2, and 3, since these are the MODES in
which the MSL Isolation automatic Functions are required to
be OPERABLE.

There is no Allowable Value for this Function since the
channels are mechanically actuated based solely on the
position of the switch and push buttons.

This Function isolates the Group 1 valves.

2. Primary Containment Isolation

2.a. 2.b. Reactor Vessel Water Level- Low. Level 3 and
Reactor Vessel Water Level- Low Low. Level 2

Low RPV water level indicates the capability to cool the
fuel may be threatened. The valves whose penetrations
communicate with the primary containment are isolated to
limit the release of fission products. The isolation of the
primary containment on Level 3 and 2 supportsacton to
ensure that offsite dose limits of 10 CF
exceeded. The Reactor Vessel Water Level Level 3 and
Reactor Vessel Water Level- Low Low, Level 2 Functions
associated with isolation are implicitly assumed in the FSAR
analysis as these leakage paths are assumed to be isolated
post LOCA.

Reactor Vessel Water Level - Low, Level 3 and Reactor Vessel
Water Level -Low Low, Level 2 signals are initiated from
differential pressure switches that sense the difference
between the pressure due to a constant column of water
(reference leg) and the pressure due to the actual water
level (variable leg) in the vessel. Four channels of
Reactor Vessel Water Level - Low, Level 3 Function and four
channels of Reactor Vessel Water Level - Low Low, Level 2

(continued)
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BASES

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

2.a. 2.b. Reactor Vessel Water Level- Low. Level 3 and
Reactor Vessel Water Level - Low Low. Level 2 (continued)

does not already result in the channel being in a tripped
condition). If the 230 kV offsite source is supplying the
safety buses, the LOCA Time Delay Relays will start timing
out immediately and will no longer sequence the delay after
HPCS pump starts. If the 230 kV offsite source is not
supplying safety buses, the LOCA Time Delay Relays will
begin timing out upon transfer to the 230 kV source supply
rather than initiating on a LOCA signal at the same time
because the HPCS pump starts from different reactor Level 2
instruments. In either case, the LOCA Time Delay Relays may
not be properly sequenced to delay start of the low pressure
ECCS subsystems tied to when the HPCS pump starts.

2.c. Drywell Pressure- High

High drywell pressure can ind cate a break in the RCPB
inside the drywell. The isol tion of some of the PCIVs on
high drywell pressure support actio to ensure that
offsite dose limits of 10 CFR are not exceeded. The
Drywell Pressure-High Function associated with isolation of
the primary containment is implicitly assumed in the FSAR
accident analysis as these leakage paths are assumed to be
isolated post LOCA.

High drywell pressure signals are initiated from
switches that sense the pressure in the drywell.
channels of Drywell Pressure- High are available
required to be OPERABLE to ensure that no,.sin.gle
failure can preclude the isolation function.

pressure
Four

and are
instrument

The Allowable Value was selected to be the same as the RPS
Drywell Pressure -High Allowable Value (LCO 3.3.1.1), since
this may be indicative of a LOCA inside primary containment.

The above Function isolates the Group 2, 3, 4, and 5 valves.

The Drywell Pressure- High Function is also used to initiate
the LOCA Time Delay Relays of LCO 3.3.5.1. These LOCA Time
Delay Relays stagger ECCS pump loading when the ECCS power
source is aligned to the 230 kV offsite circuit to assure
ECCS loading, during pump starts, does not overload the
offsite source transformer. This branching to LCO 3.3.5.1

(continued)
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APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

2.d. Reactor Building Vent Exhaust Plenum Radiation -High
(continued)

The Reactor Building Vent Exhaust Plenum Radiation -High
signals are initiated from radiation detectors that are
located in the ventilation exhaust plenum. The signal from
each detector is input to an individual monitor whose trip
outputs are assigned to an isolation channel. Four channels
of Reactor Building Vent Exhaust Plenum Radiation -High
Function are available and are required to be OPERABLE to
ensure that no single instrument failure can preclude the
isolation function.

(S5-.6 The Allowable Values are chosen to ensure offsite doses
remain below 10 CFR% limits.

This Function isolates the Group 3 valves.

2.e. Manual Initiation

The Manual Initiation switch and push button channels
introduce signals into the primary containment isolation
logic that are redundant to the automatic protective
instrumentation and provide manual isolation capability.
There is no specific FSAR safety analysis that takes credit
for this Function. It is retained for overall redundancy
and diversity of the isolation function as required by the
NRC in the plant licensing basis.

For the Group 3 valves, there are four switch and push
buttons (with two channels per switch and push button) for
the logic, with two switch and push buttons per trip system.
For the Group 2. 4. and 5 valves, there are two switch and
push buttons (with two channels per switch and push button)
for the logic, one switch and push button per trip system.
Eight channels of the Manual Initiation Function are
available and are required to be OPERABLE in MODES 1. 2.
and 3, since these are the MODES in which the Primary
Containment Isolation automatic Functions are required to be
OPERABLE.

There is no Allowable Value for this Function since the
channels are mechanically actuated based solely on the
position of the switch and push buttons.

(conti nued)
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BASES

APPLICABLE 4Ji. Reactor Vessel Water Level -Low Low. Level 2
SAFETY ANALYSES, (continued)
LCO, and
APPLICABILITY This Function isolates the Group 7 valves.

4.k. SLC System Initiation

The isolation of the RWCU System is required when the SLC
System has been initiated to prevent dilution and removal of
the boron solution by the RWCU System (Ref. 8). SLC System
initiation signals are initiated from the two SLC pump start
signals.

Two channels (one from each pump) of SLC System InitiationW
Function are available and are required to be OPERABLE L
in MODES I And 2 since-these-a e the only MODES where theO reactor can be critica n 1se MODES are consistent with
the Applicability eL System (LCO 3.1.7).
C eference 9 (Columbia Generating Station
requires both LC pumps be started to inject boron) ensures
no single instrument failure can preclude the isolation

Bothchannels are also function. As noted (footnote (c) to Table 3.3.6.1-1), this
requiredtobeOPERABLE Function is only required to close the outboard Group 7 RWCU
inMODES 1,2, and3, isolation valve since the signal only provides input into
since the SLC system is used one of the two trip systems.
tomaintainsuppressionpool There is no Allowable Value associated with this Function
pHatorabove7followinga since the channels are mechanically actuated based solely on
LOCAtoensureiodinewill the position of the SLC System initiation switch.
be retained in the
s ressionpool water. This Function isolates the Group 7 valves.

4.1. Manual Initiation

The Manual Initiation switch and push button channels
introduce signals into the RWCU System isolation logic that
are redundant to the automatic protective instrumentation
and provide manual isolation capability. There is no
specific FSAR safety analysis that takes credit for this
Function. It is retained for overall redundancy and
diversity of the isolation function as required by the NRC
in the plant licensing basis.

(continued)
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.1 Secondary Containment IsL tion Instrumentation
B 3.3.6.2

B 3.3 INSTRUMENTATION

B 3.3.6.2 Secondary Containment Isolation Instrumentation

BASES

BACKGROUND The secondary containment isolation instrumentation
automatically initiates closure of appropriate secondary
containment isolation valves (SCIVs) and starts the Standby
Gas Treatment (SGT) System. The function of these systems.
in combination with other accident mitigation systems, is to
limit fission product release during'and fol
postulated Design Basis Accidents (DBAs) (Ref . 1 ( de ),
such that offsite radiation expires are mawithin
the requirements of 10 CFR hat are part of the NRC
staff approved licensing basis. Secondary containment
isolation and establishment of vacuum with the SGT System
within the assumed time limits ensures that fission products
that are released during certain operations that take place
inside primary containment, when primary containment is not
required to be OPERABLE, or that take place outside primary
containment are maintained within applicable limits.

The isolation instrumentation includes the sensors, relays,
and switches that are necessary to cause initiation of
secondary containment isolation. Most channels include
electronic equipment (e.g., trip relays) that compares
measured input signals with pre-established setpoints. When
the setpoint is exceeded, the channel outputs a secondary
containment isolation signal to the isolation logic.
Functional diversity is provided by monitoring a wide range
of independent parameters. The input parameters to the
isolation logic are (a) reactor vessel water level,
(b) drywell pressure, and (c) reactor building vent exhaust
plenum radiation. Redundant sensor input signals from each
parameter are provided for initiation of isolation
parameters. In addition, manual initiation of the logic is
provided.

Most Secondary Containment Isolation instrumentation
Functions receive input from four channels. The output from
these channels are arranged into two two-out-of-two logic
trip systems. For the Manual Initiation Function, four
channels are required to actuate a trip system (a
four-out-of-four logic trip system). In addition to the
isolation function, the SGT subsystems are initiated. Each
trip system will start one fan in each SGT subsystem, but

(continued)
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BASES

BACKGROUND
(continued)

will only align one SGT subsystem filter train.
Automatically isolated secondary containment penetrations
are isolated by two isolation valves. Each trip system
initiates isolation of one of the two valves on each
penetration so that operation of either trip system isolates
the penetrations.

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

The isolation signals generat Wby the Setondary containment
isolation instrumentation are implic IW.y assumed in the
safety analyses of Reference1 VP to initiate closure of
valves and start the SGT System to limit offsite doses.

Refer to LCO 3.6.4.2, Secondary Containment Isolation
Valves (SCIVs),w and LCO 3.6.4.3. Standby Gas Treatment
(SGT) System," Applicable Safety Analyses Bases for more
detail of the safety analyses.

The secondary containment isolatio instrumentation
satisfies Criterion 3 of Reference Certain
instrumentation Functions are retained for other reasons and
are described below in the individual Functions discussion.

The OPERABILITY of the secondary containment isolation
instrumentation is dependent upon the OPERABILITY of the
individual instrumentation channel Functions. Each Function
must have the required number of OPERABLE channels with
their setpoints set within the specified Allowable Values,
as shown in Table 3.3.6.2-1. The actual setpoint is
calibrated consistent with applicable setpoint methodology
assumptions.

Allowable Values are specified for each Function specified
in the Table. Nominal trip setpoints are specified in
setpoint calculations. The nominal setpoints are selected
to ensure that the setpoints do not exceed the Allowable
Values between CHANNEL CALIBRATIONS. Operation with a trip
setpoint less conservative than the nominal trip setpoint,
but within its Allowable Value, is acceptable. A channel is
inoperable if its actual trip setpoint is not within its
required Allowable Value.

Trip setpoints are those predetermined values of output at
which an action should take place. The setpoints are
compared to the actual process parameter (e.g.. reactor
vessel water level), and when the measured output value of

(continued)
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APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

2. Drvwell Pressure- Hiqh (continued)

supports actions to ensure that any offsite releases are
within the limits calculated in the safety analysis.
However, the Drywell Pressure- High Function associated with
isolation is not assumed in any FSAR accident or transient
analysis. It is retained for the overall redundancy and
diversity of the secondary containment isolation
instrumentation as required by the NRC approved licensing
basis. High drywell pressure signals are initiated from
pressure switches that sense the pressure in the drywell.
Four channels of Drywell- High Function are available and
are required to be OPERABLE to ensure that no single
instrument failure can preclude the isolation function.

The Allowable Value was chosen to be the same as the RPS
Drywell Pressure- High Function Allowable Value
(LCO 3.3.1.1) since this is indicative of a loss of coolant
accident.

The Drywell Pressure -High Function is required to be
OPERABLE in MODES 1, 2, and 3 where considerable energy
exists in the RCS; thus, there is a probability of pipe
breaks resulting in significant releases of radioactive
steam and gas. This Function is not required in MODES 4
and 5 because the probability and consequences of these
events are low due to the RCS pressure and temperature
limitations of these MODES.

3. Reactor Building Vent Exhaust Plenum Radiation - High

r ------------------------ JiTE ----------------------
Handl ' a cask/canister Wded with spent fuel, a rte
cani ter is seal welded Kdleak tested, is not c nidered
to e movement of irrad ated fuel.
-- --- ------------- -- - - - - -- - - - - -- - - - -

High secondary containment exhaust radiation is an
indication of possible gross failure of the fuel cladding.
The release may have originated from the primary containment
due to a break in the RCPB or the refueling floor due to a
fuel handling accident. When Reactor Building Vent Exhaust
Plenum Radiation-High is detected, secondary containment

(continued)
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APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

3. Reactor Building Vent Exhaust Plenum Radiation -High
(continued)

isolation and actuation of the SGT System are initiated to
limit the re e of t ion products as assumed in the FSAR
safety anal s (Ref )

The Reactor lding ' ' Exhaust Plenum Radiation -High
signals are initiated from radiation detectors that are
located in the ventilation exhaust plenum, which is the
collection point of all reactor building and refueling floor
air flow prior to its exhaust to atmosphere. The signal
from each detector is input to an individual monitor whose
trip outputs are assigned to an isolation channel. Four
channels of Reactor Building Vent Exhaust Plenum
Radiation -High Function are available and are required to
be OPERABLE to ensure that no single instrument failure can
preclude the isolation function.

The Allowable Value is chosen to promptly detect gross
failure of the fuel cladding.

The Reactor Building Vent Plenum Exhaust Radiation -High
Function is required to be OPERABLE in MODES 1, 2, and 3
where considerable energy exists; thus, there is a
probability of pipe breaks resulting in significant releases
of radioactive steam and gas. In MODES 4 and 5, the
probability and consequences of these events are low due to
the RCS pressure and temperature limitations of these MODES;
thus, this Function is not required. In a ddition, the
Function is required-to be OPERABLE during.u EATRTIN,

se the capability o6f detecting
laton releases due to fuel failurs (due to fuel

uncover or dro e semWe must be provided to
ensure that offsite dose limits are not exceeded.

4. Manual Initiation

The Manual Initiation switch and push button channels
introduce signals into the secondary containment isolation
logic that are redundant to the automatic protective
instrumentation channels, and provide manual isolation
capability. There is no specific FSAR safety analysis that

(continued)
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BASES

APPLICABLE 4. Manual Initiation (continued)
SAFETY ANALYSES,
LCO, and takes credit for this Function. It is retained for the
APPLICABILITY overall redundancy and diversity of the secondary

containment isolation instrumentation as required by the NRC
approved licensing basjs.

There are four switch and push buttons (with two channels
per switch and push button) for the logic, two switch and
push buttons per trip system. Eight channels of the Manual
Initiation Function are available and are required to be
OPERABLE in MODES 1, 2, and 3 and dur

0radiate t s in
ticnnd~I Iotinet I Cx t! los!be r e t he Mu ES an eter
specify n ~which the Secondary Containml~~~

Isolation automatic u ctions are required to be OPERABLE.

There is no Allowable Value for this Function since the
channels are mechanically actuated based solely on the
position of the switch and push buttons.

ACTIONS A Note has been provided to modify the ACTIONS related to
secondary containment isolation instrumentation channels.
Section 1.3, Completion Times, specifies that once a
Condition has been entered, subsequent divisions,
subsystems, components, or variables expressed in the
Condition discovered to be inoperable or not within limits
will not result in separate entry into the Condition.
Section 1.3 also specifies that Required Actions of the
Condition continue to apply for each additional failure,
with Completion Times based on initial entry into the
Condition. However, the Required Actions for inoperable
secondary containment isolation instrumentation channels
provide appropriate compensatory measures for separate
inoperable channels. As such, a Note has been provided that
allows separate Condition entry for each inoperable
secondary containment isolation instrumentation channel.

A.1

Because of the diversity of sensors available to provide
isolation signals and the redundancy of the isolation
design, an allowable out of service time of 12 hours or

(continued)
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BASES

ACTIONS A.1 (continued)

24 hours, depending on the Function (12 hours for those
Functions that have channel components common to RPS
instrumentation and 24 hours for those Functions that do not
have channel components common to RP i ntrumentation), has 3oud4
been shown to be acceptable (Refs. o permit
restoration of any inoperable channe to OPERABLE status.
This out of service time is only acceptable provided the
associated Function is still maintaining isolation
capability (refer to Required Action B.1 Bases). If the
inoperable channel cannot be restored to OPERABLE status
within the allowable out of service time, the channel must
be placed in the tripped condition per Required Action A.I.
Placing the inoperable channel in trip would conservatively
compensate for the inoperability. restore capability to
accommodate a single failure, and allow operation to
continue. Alternately, if it is not desired to place the
channel in trip (e.g., as in the case where placing the
inoperable channel in trip would result in an isolation),
Condition C must be entered and its Required Actions taken.

B.1

Required Action B.1 is intended to ensure that appropriate
actions are taken if multiple, inoperable, untripped
channels within the same Function result in a complete loss
of automatic isolation capability for the associated
penetration flow path(s) or a complete loss of automatic
initiation capability for the SGT System. A Function is
considered to be maintaining isolation capability when
sufficient channels are OPERABLE or in trip, such that one
trip system will generate a trip signal from the given
Function on a valid signal. This ensures that one of the
two SCIVs in the associated penetration flow path and one
SGT subsystem can be initiated on an isolation signal from
the given Function. For the Functions with two
two-out-of-two logic trip systems (Functions 1. 2, and 3).
this would require one trip system to have two channels,
each OPERABLE or in trip. The Condition does not include
the Manual Initiation Function (Function 4). since it is not
assumed in any accident or transient analysis. Thus, a
total loss of manual initiation capability for 24 hours (as
allowed by Required Action A.1) is allowed.

(continued)
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SURVEILLANCE
REOUIREMENTS

(continued)

The Surveillances are also modified by a Note to indicate
that when a channel is placed in an inoperable status solely
for performance of required Surveillances, entry into
associated Conditions and Required Actions may be delayed
for up to 6 hours, provided the associated Function
maintains isolation capability. Upon completion of the
Surveillance, or expiration of the 6 hour allowance, the
channel must be returned to OPERABLE status or the
applicable Condition entered and Required Action(s) taken.

Th' Note is based on the reliability analysis (Refs.
W) assumption of the average time required to perform
channel Surveillance. That analysis demonstrated that the
6 hour testing allowance does not significantly reduce the
probability that the SCIVs will isolate the associated
penetration flow paths and the SGT System will initiate when
necessary.

SR 3.3.6.2.1

Performance of the CHANNEL CHECK once every 12 hours ensures
that a gross failure of instrumentation has not occurred. A
CHANNEL CHECK is normally a comparison of the indicated
parameter for one instrument channel to a similar parameter
on other channels. It is based on the assumption that
instrument channels monitoring the same parameter should
read approximately the same value. Significant deviations
between the instrument channels could be an indication of
excessive instrument drift in one of the channels or
something even more serious. A CHANNEL CHECK will detect
gross channel failure; thus, it is key to verifying the
instrumentation continues to operate properly between each
CHANNEL CALIBRATION.

Agreement criteria are determined by the plant staff, based
on a combination of the channel instrument uncertainties,
including indication and readability. If a channel is
outside the criteria, it may be an indication that the
instrument has drifted outside its limit.

(continued)
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BASES

SURVEILLANCE SR 3.3.6.2.4 (continued)
REQUIREMENTS

The 24 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant
outage and the potential for an unplanned transient if the
Surveillance were performed with the reactor at power.
Operating experience has shown these components usually pass
the Surveillance when performed at the 24 month Frequency.

REFERENCES 1. FSAR. Section * .6.

2
4 10 CFR 50.36(c)(2)(ii).

t 0 NEDO-31677-P-A, "Technical Specification Improvement
Analysis for BWR Isolation Actuation Instrumentation,"
July 1990.

NEDC-30851-P-A, Supplement 2. "Technical
Specifications Improvement Analysis for BWR Isolation
Instrumentation Common to RPS and ECCS
Instrumentation," March 1989.
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B 3.3 INSTRUMENTATION

B 3.3.7.1 Control Room Emergency Filtration (CREF) System Instrumentation

BASES

BACKGR OUND The CREF System is designed to provide a radiologically
controlled environment to ensure the habitability of the
control room for the safety of control room operators under
all plant conditions. Two independent CREF subsystems are JQ

cS-~\ each capable of fulfilling the stated safety function.
6fl'~h< instrumentation and controls for the CREF System

automatically initiate action to pressurize the main control
room (MCR) to minimize the consequences of radioacti

nstirumentat jain Control Room yntilation Monito~s
only provide arm a nd indication Xnthe control roo to
assist operat fs in the administ aive control of / e valves
in the remot; air intake plenu .{

In the event of a loss of coolant accident (LOCA) signal
(Reactor Vessel Water Level - Low Low, Level 2, Drywell
Pressure-High, or Reactor Building Vent Exhaust Plenum
Radiation -High), the CREF System is automatically started
in the pressurization mode. Sufficient outside air is drawn
in through two separate remote fresh air intakes to keep the
MCR slightly pressurized with respect to the radwaste and
turbine buildings. The outside air is then circulated
through the charcoal filter. Both intakes are physica
prssuriz ons througt structn ope r uneant rakiet.

<monitors sensi~ Afa e 5Fi n vI at each of the /to
remote intake/haders are providedg The val ves in ihe
remote intake can be closed manua ly if the rldat' n level
at the intaky rises above an all wable level. Ony one
remote inta e is closed at one me to maintain cptrol ro

resuria ontruh one open remote intake

The CREF System automatic initiation instrumentation has two
trip systems: one trip system initiates one CREF subsystem,
while the second trip system initiates the other CREF
subsystem (Ref. 1). Each trip system receives input from
the automatic initiation Functions listed above. Each of
these Functions are arranged in a two-out-of-two logic for
each trip system. The channels include electronic equipment
(e.g., trip relays) that compares measured input signals
with pre-established setpoints. When the setpoint is
exceeded, the channel outputs a CREF System initiation

(continued)
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BACKGROUND
(continued)

signal to the initiation logic. a/ Main Control
'Ventilation Raditti-on Monitor Inl provide alarm d\
indication. Thy radiation monitos also include j cronic
equipment that Compares measured fiput signals to pre-|
established s foints. When the/setpoint is exc eded, the |
radiation monitors output relay/ctuates, which/then outputs}
~to an alarm it the control roo/_f_

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

The ability of the CREF System to maintain the habitability
of the MCR is explicitly assumed for certain accidents as
discussed in the FSAR safety analyses (Refs. 2 and 3).
CREF System operation ensures that the radiation exposure of
control room personnel, through the duration of any one of
the postulated accidents, does not exceed the limits set by
GDC 19 of 10 CFR 50, Appendix Act

CREF instrumentation satisfies Criterion 3 of Reference 4.

The OPERABILITY of the CREF System instrumentation is
dependent upon the OPERABILITY of the individual
instrumentation channel Functions specified in
Table 3.3.7.1-1. Each Function must have a required number
of OPERABLE channels, with their setpoints within the
specified Allowable Values, where appropriate. The actual
setpoint is calibrated consistent with applicable setpoint
methodology assumptions.

Allowable Values are specified for each CREF System Function
specified in the Table. Nominal trip setpoints are
specified in the setpoint calculations. These nominal
setpoints are selected to ensure that the setpoints do not
exceed the Allowable Value between successive CHANNEL
CALIBRATIONS. Operation with a trip setpoint that is less
conservative than the nominal trip setpoint, but within its
Allowable Value, is acceptable. A channel is inoperable if
its actual trip setpoint is not within its required
Allowable Value.

Trip setpoints are those predetermined values of output at
which an action should take place. The setpoints are
compared to the actual process parameter (e.g., reactor
vessel water level), and when the measured output value of
the process parameter exceeds the setpoint, the associated
device (e.g., trip relay) changes state. The analytic
limits are derived from the limiting values of the process

(continued)

Columbia Generating Station B 3.3.7.1-2 Revision 241



CREF System Instrumentation
B 3.3.7.1

BASES

APPLICABLE 2. Drywell Pressure- High
SAFETY ANALYSES,
LCO, and High pressure in the drywell could indicate a break in the
APPLICABILITY reactor coolant pressure boundary (RCPB). A high drywell

(continued) pressure signal could indicate a LOCA and will automatically
initiate the CREF System, since this could be a precursor to
a potential radiation release and subsequent radiation
exposure to control room personnel.

Drywell Pressure- High signals are initiated from four
pressure switches that sense drywell pressure. Four
channels of Drywell Pressure- High Function are available
(two channels per trip system) and are required to be
OPERABLE to ensure that no single instrument failure can
preclude CREF System initiation.

The Drywell Pressure- High Allowable Value was chosen to be
the same as the Secondary Containment Isolation Drywell
Pressure -High Allowable Value (LCO 3.3.6.2).

The Drywell Pressure- High Function is required to be
OPERABLE in MODES 1, 2, and 3 to ensure that control room
personnel are protected during a LOCA. In MODES 4 and 5,
the Drywell Pressure- High Function is not required since
there is insufficient energy in the reactor to pressurize
the drywell to the Drywell Pressure- High setpoint.

3. Reactor Building Vent Exhaust Plenum Radiation -High

- -------/----NOTE---------- ----------
Handli a cask/canis er loaded with spe fuel, after he
canis r is seal we ed and leak teste , is not consi red
to movement of rradiated fuel.

High secondary containment exhaust radiation is an
indication of possible gross failure of the fuel cladding.
The release may have originated from the primary containment
due to a break in the RCPB or the refueling floor due to a
fuel handling accident. When Reactor Building Vent Exhaust
Plenum Radiation-High is detected, the CREF System is
automatically initiated since this radiation release could
result in radiation exposure to control room personnel.

(continued)
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APPLICABLE 3. Reactor Building Vent Exhaust Plenum Radiation -High
SAFETY ANALYSES, (continued)
LCO, and
APPLICABILITY Reactor Building Vent Exhaust Plenum Radiation -High signals

are initiated from four radiation monitors that measure
radiation in the reactor building vent. Four channels of
Reactor Building Vent Exhaust Plenum Radiation-High
Function are available (two channels per trip system) and
are required to be OPERABLE to ensure that no single
instrument failure can preclude CREF System initiation.

The Reactor Building Vent Exhaust Plenum Radiation -High
Allowable Value was chosen to be the same as the Secondary
Containment Isolation Reactor Building Vent Exhaust Plenum
Radiation -High Allowable Value (LCO 3.3.6.2).

The Reactor Building Vent Exhaust Plenum Radiation -High
Function is required to be OPERABLE in MODES 1, 2, and 3 to
ensure that control room personnel are protected during a
LOCA. The Function is also required to be OPERABLE drn

se dary c ntainmft -naer ffe
EnaT-rnAL R fuPeRinVh- could cause a

radioactive release to the environment.

Maiq Control Room/Vent~ila~tion R~adatjion Monitor/

Te Man Control Rom Venti lation Ra iation Monitor m aures
radiat on levels aX the remote air .ntake plenums. high
rad' ton level my pose a threat MCR personnel; hus a
detec or indicati g this condition automatically in tiates
an a arm to aler MCR personnel.

Mai Control Ro m Ventilation Ra iation Monitor s gnals are
tiated from four radiation m nitors that meas re

r diation in t e control room v ntilation remot intake
lenums. Four channels of Mai Control Room V tilation

Radiation Mon tor Function ar available (two hannels per
remote intak plenum) and ar/equired to be fiERABLE to
ala rm opera r as to which fan Control Roo Ventilatio
remote int fe is in the po ~tal radioactie plume/

(continued)
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CREF System Instrumentation
B 3.3.7.1

BASES

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

4. Ma n Control Rood Ventilation aito Monitor
(cont nued///

The/Alowable Valu is selected tg esure protectio o te
MCy personnel. ///

T e Main Control oom Ventilati n Radiation Moni r Function
required to b OPERABLE in DES 1, 2, and 3 o ensure

hat control ro1 m personnel ar protected durin a LOCA.
The Function i also required/to be OPERABLE d ing CORE
ALTERATIONS, 0 DRVs, and mov ment of irradiate fuel
assemblies in/the secondary ontainment in cage of fuel
uncovery or fuel handlin accident that co d cause a
radioactive release to th environment.

1-Q

ACTIONS A Note has been provided to modify the ACTIONS related to
CREF System instrumentation channels. Section 1.3,
Completion Times, specifies that once a Condition has been
entered, subsequent divisions, subsystems, components, or
variables expressed in the Condition discovered to be
inoperable or not within limits will not result in separate
entry into the Condition. Section 1.3 also specifies that
Required Actions of the Condition continue to apply for each
additional failure, with Completion Times based on initial
entry into the Condition. However, the Required Actions for
inoperable CREF System instrumentation channels provide
appropriate compensatory measures for separate inoperable
channels. As such, a Note has been provided that allows
separate Condition entry for each inoperable CREF System
instrumentation channel.

A.1

Required Action A.1 directs entry into the appropriate
Condition referenced in Table 3.3.7.1-1. The applicable
Condition specified in the Table is Function dependent.
Each time an inoperable channel is discovered, Condition A
is entered for that channel and provides for transfer to the
appropriate subsequent Condition.

(continued)
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CREF System Instrumentation
B 3.3.7.1

BASES

ACTIONS D.1 and D.2
(continued)

With any Required Action and associated Completion Time of
Condition B, C, or D not met, the associated CREF subsystem
must be placed in the pressurization mode of operation
(Required Action D.1) to ensure that control room personnel
will be protected in the event of a Design Basis Accident.
The method used to place the CREF subsystem in operation
must provide for automatically reinitiating the subsystem
upon restoration of power following a loss of power to the
CREF subsystem(s). Alternately, if it is not desired to
start the subsystem, the CREF subsystem associated with
inoperable, untripped channels must be declared inoperable
within 1 hour.

The 1 hour Completion Time is intended to allow the operator
time to place the CREF subsystem in operation. The I hour
Completion Time is acceptable because it minimizes riskV
while allowing time for restoration or tripping of channels,
or for placing the associated CREF subsystem in operation./

Because of the diversity of s nsors available to prov de
radiation monitoring signals nd the redundancy of the CREF
System d sign, an allowable ut of service time of days
has bee provided to permit estoration of any io 0 able
channe to OPERABLE status. However, this out of ervice
time i only acceptable pr vided: a. the radiati n
monit ring capability is intained for the asso iated
remo air intake; and b. both channels associa d with the
othe remote air intake a e OPERABLE.

Ra ation monitoring ca bility for a remote *r intake is
co sidered to be mainta ned when sufficient c annels are
OERABLE to monitor th radiation at the rem te air intake.
his would require one channel to be OPERAB at the remote
ir intake. In this ituation (loss of rad ation monitoring
in a remote air intak ), the 30 day allowa e of Required
Action E.2 is not ap ropriate without addi ional
compensating actions If radiation monito ing capability is
not maintained at t e associated remote ar intake, the
remote air intake st also be isolated wI thin 1 hour of

(continued)
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CREF System Instrumentation
B 3.3.7.1

BASES

ACTIONS E.1 and E. (continued)

/ iscover of loss of radiation mo itoring capabil ity at {e \
remote ai intake (Required Acti n E.1). This Completio
Time als allows for an exceptio to the normal "time z ro"
for begi ning the allowed outag time "clock." For Req ired
Action .1, the Completion Time only begins upon disco ry
that bo h Main Control Room Ven ilation Radiation Moni ors
on one emote air intake are i operable. The 1 hour
Comple ion Time is acceptable ecause it minimizes ri k
while llowing time for restorng of channels or isol ting
the r ote air intake. If it is not desired to isola e the
remot air intake (e.g., as i the case where the ot/er
remot air intake is already solated), Condition F ifust be
ente ed and its Required Actilons taken. In additio/
purs ant to LCO 3.0.6, the CfEF System ACTIONS woul not be
ent ed even if both remote air intakes were isolat d.
The efore, Required Action d.1 is modified by a Notk to
ind cate that when both remote air intakes are isol/ated (due
to complying with the Requi ed Action E.1), ACTION for
LC 3.7.3, "Control Room E ergency Filtration (CRU)
Sy tem," must be immediate y entered. This allowl
C ndition E to provide req irements for loss of ope or more
r diation monitoring chan els without regard to whether both
mote air intakes are is lated. LCO 3.7.3 provides the
ppropriate restrictions or both remote air inthkes
isolated./}

With one or both channels associated with the 94ther remote
air intake inoperable, he 30 day allowance of Required
Action E.2 is also not ppropriate. In this situation
(channels associated w th both remote air intA kes
inoperable), there is potential that a sin le failure can
result in loss of rad ation monitoring capality for both
remote air intakes. herefore, an allowab out of service
time of 7 days from iscovery of inoperabl channels
associated with bot remote air intakes ha been provided to
restore all channel associated with one emote air intake
to OPERABLE status This Completion Time also allows for an
exception to the nbrmal "time zero" for eginning the
allowed outage ti "clock." For the fi st Completion Time
of Required Actioi E.2, the Completion ime only begins upon
discovery that o or more Main Contro Room Ventilation

(continued)
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CREF System Instrumentation
B 3.3.7.1

BASES

ACTIONS d E.2 (continue

{ adia ion Monitors on bot remote air intakes are /\
inop rable. The 7 day Co pletion Time is based on he low
pro bility of a DBA occ rring during this time pe od, and
is onsistent with the me provided in the CREF ystem
AC IONS when one subsys em is inoperable (the mo tors could
b in a condition susc tible to a single failur that
r sults in a loss of C.EF System function, simi ar to when
ne subsystem is inop able).

With any Required ction and associated Co letion Time of
Condition E not t, the radiation monitor ng capability for
one or both remo e air intakes may be lo , therefore both
CREF subsystems must be declared inoperale

SURVEILLANCE As noted at the beginning of the SRs, the SRs for each CREF
REQUIREMENTS System instrumentation Function are located in the SRs

column of Table 3.3.7.1-1.

The Surveillances are also modified by a Note to indicate
that when a channel is placed in an inoperable status solely
for performance of required Surveillances, entry into
associated Conditions and Required Actions may be delayed
for up to 6 hours, provided the associated Function a
maintains CREF System initintion Ut n
capability TIMM Upon completion o fthie
Surveillance, or expiration of the 6 hour allowance, the
channel must be returned to OPERABLE status or the
applicable Condition entered and Required Actions taken.

(continued)
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RCS Specific Activity
B 3.4.8

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.8 RCS Specific Activity

BASES

BACKGROUND During circulation, the reactor coolant acquires radioactive
materials due to release of fission products from fuel leaks
into the coolant and activation of corrosion products in the
reactor coolant. These radioactive materials in the coolant
can plate out in the RCS, and, at times, an accumulation
will break away to spike the normal level of radioactivity.
The release of coolant during a Design Basis Accident (DBA)
could send radioactive materials into the environment.

Limits on the maximum allowable level of radioactivity in
the reactor coolant are established to ensure, in the event
of a release of any radioactive material to the environment
during a DBA, radiatio doses are maintained within the
limits of 10 CFR RiL-1j)

This LCO contains iw4i4._t9e-ffic activity limits. The
iodine isotopic activities per gram of reactor coolant are
expressed in terms of a DOSE EQUIVALENT I-131. The
allowable levels are intended to limit the 2 hour radiation
dose to aji individual at th site boundary to r s' ?
<'~f the 10 CFR s-

APPLICABLE ek Analytical methods and assumptions involving radioactive
SAFETY AN L material in the primary coolant are presented in the FSAR

2e an s(Ref. 2). The specific activity in the reactor coolant (the
1he MSLB analysis ei. 2) source term) is an initial condition for evaluation of the

evaluates two source termcases. consequences of an accident due to a main steam line break

Thesourcetermforthefirstcaseis (MSLB) outside containment. No fuel damage is postulated in

based on the Dose Equivalent I-131 the MSLB accident, and the release of radioactive material
to the environment is assumed to end when the main steam

limit of 0.2 jzCi/gmprovided in the isolation valves (MSIVs) close completely.
LCO. The second case postulates a
pre-accidentiodinespikeandusesa his MSLB release forms the basis for determining offsite

i adoses (Ref. 2). The limits on the specific activity of the
4.0 tCi/gm Dose Equivaent 1-131 primary coolant ensure that the 2 hour thyroid and whole

source term. Forthefirstcase, the body doses at the site boundary, resulting from an MSLB

Iregulatory limit for the offsite dose outside c~tditment during steady state operation will not

is 10% of the limit specified in 10 exceed e dose guidelines of 10 CFR

CFR 50.67. The full offsite dose S ee__ ontinued)

limit of 10 CFR 50.67 is applicable
to the pre-accident iodine spiking
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RCS Specific Activity
B 3.4.8

BASES

APPLICABLE The limit on specific activity is a value from a parametric
SAFETY ANALYSES evaluation of typical site locations. This limit is

(continued) conservative because the evaluation considered more
restrictive parameters than for a specific site, such as the
location of the site boundary and the meteorological
conditions of the site.

RCS specific activity satisfies Criterion 2 of Reference 3.

LCO The specific iodine activity is limited to < 0.2 pCi/gm DOSE
EQUIVALENT 1-131. This limit ensures the source term
assumed in the safety analysis for the MSLB is not exceeded,
so any release of radioactivity to the environment ur~ g an
MSLB is less than a small fraction of the 10 CFR

APPLICABILITY In MODE 1, a-nd MODES 2 and 3 with any main steam line not
isolated,, limits on the primary coolant radioactivity are
applicable since there is an escape path for release of
radioactive material from the primary coolant to the
environment in the event of an MSLB outside of primary
containment.

In MODES 2 and 3 with the mair steam lines isolated, such
limits do not apply since an escape path does not exist. In
MODES 4 and 5, no limits are required since the reactor.is
not pressurized and the potential for leakage is reduced.

ACTIONS A.1 and A.2

When the reactor coolant specific activity exceeds the LCO
DOSE EQUIVALENT I-131 limit, but is < 4.0 pCi/gm, samples
must be analyzed for DOSE EQUIVALENT 1-131 at least once
every 4 hours. In addition, the specific activity must be
restored to the LCO limit within 48 hours. The Completion
Time of once every 4 hours is based on the time needed to
take and analyze a sample. The 48 hour Completion Time to
restore the activity level provides a reasonable time for
temporary coolant activity increases (Iodine spikes or crud
bursts) to be cleaned up with the normal processing systems.

A Note permits the use of the provisions of LCO 3.0.4.c.
This allowance permits entry into the applicable MODE(S)
while relying on the ACTIONS.

(continued)
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RCS Specific Activity
B 3.4.8

BASES

ACTIONS A.1 and A.2 (continued)

This allowance is acceptable due to the significant
conservatism incorporated into the specific activity limit,
the low probability of an event which is limiting due to
exceeding this limit, and the ability to restore transient
specific activity excursions while the plant remains at, or
proceeds to power operation.

B.1. B.2.1. B.2.2.1. and B.2.2.2

If the DOSE EQUIVALENT I-131 cannot be restored to < 0.2
pCi/gm within 48 hours, or if at any time it is > 4.0
pCi/gm, it must be determined at least every 4 hours and all
the main steam lines must be isolated within 12 hours.
Isolating the main steam lines precludes the possibility of
releasing radioactive mat environ t in an
amount that is more than sixjralj ..act.ia ont'he
requirements of 10 ring a postulated MSLB
accident.

Alternately, the plan can e rought to MODE 3 within
12 hours and to MODE 4 within 36 hours. This option is
provided for those instances when isolation of main steam
lines is not desired (e.g., due to the decay heat loads).
In MODE 4, the requirements of the LCO are no longer
applicable.

The Completion Time of once every 4 hours is the time needed
to take and analyze a sample. The 12 hour Completion Time
is reasonable, based on operating experience, to isolate the
main steam lines in an orderly manner and without
challenging plant systems. Also, the allowed Completion
Times for Required Actions B.2.2.1 and B.2.2.2 for bringing
the plant to MODES 3 and 4 are reasonable, based on
operating experience, to reach the required plant conditions
from full power conditions in an orderly manner and without
challenging plant systems.

(continued)
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JS Specific Activity
8 3.4.8

BASES (continued)

SURVEILLANCE SR 3.4.8.1
REQUIREMENTS

This Surveillance is performed to ensure iodine remains
within limit during normal operation. The 7 day Frequency
is adequate to trend changes in the iodine activity level.
This SR is modified by a Note that requires this
Surveillance to be performed only in MODE 1 because the
level of fission products generated in other MODES is much
less.

REFERENCES 1 . 10 CFR

2. FSAR, Section 15.6.4.

3. 10 CFR 50.36(c)(2)(ii).
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Primary Containment
B 3.6.1.1

BASES

BACKGROUND This Specification ensures that the performance of the
(continued) primary containment, in the event of a DBA, meets the

assumptions used in the safety analyses of References 1
and 2. SR 3.6.1.1.1 leakage rate requirements are in
conformance with 10 CFR 50. Appendix J, Option B (Ref. 3),
as modified by approved exemptions.

APPLICABLE The safety design basis for the primary containment is that
SAFETY ANALYSES it must withstand the pressures and temperatures of the

limiting DBA without exceeding the design leakage rate.

e BA that postulates the maximum lease of radioactve
01r material within primary containment is aM -

veu'2rIn the analysis of
e Orer. toot this accident, it is-assumed that primary containment is

. 4L * OPERABLE such that release of fission products to the
environment is controlled by the rate of primary containment

1E5 9- - &S leakage.

Analytical methods and assumptions involving the primary
L DI!..- c~ ccontainment are presented in References 1 and 2. The safet,

analyses assume a nonmechanistic fission product release

L

V

following a UBA, which forms the basis for determination of
offsite doses. The fission product release is, in turn,
based on an assumed leakage rate from the primary
containment. OPERABILITY of the primary containment ensures
that the leakage rate assumed in the safety analyses is not
exceeded.

The maximum allowable leakage rate for the primary
containment (La) is 0.5% by weight of the containment air
per 24 hours at the design basis LOCA maximum peak
containment pressure (P,) of 38 psig (Ref. 4).

Primary containment satisfies Criterion 3 of Reference 5.

LCO Primary containment OPERABILITY is maintained by limiting
leakage to < 1.0 La, except prior to the first startup after
performing a required Primary Containment Leakage Rate
Testing Program leakage test. At this time, applicable
leakage limits must be met. In addition, the leakage from
the drywell to the suppression chamber must be limited to
ensure the pressure suppression function is accomplished and

(continued)
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Primary Containment
B 3.6.1.1

BASES

SURVEILLANCE SR 3.6.1.1.2 (continued)
REQUIREMENTS

that component failures that might have affected this test
are identified by other primary containment SRs. Two
consecutive test failures, however, would indicate
unexpected primary containment degradation; in this event,
as the Note indicates, increasing the Frequency to once
every 12 months is required until the situation is remedied
as evidenced by passing two consecutive tests.

REFERENCES 1. FSAR, Section 6.2.1.1.3.

2. FSAR, Section

3. 10 CFR 50, Appendix J, Option B.

4. FSAR, Section 6.2.6.1.

5. 10 CFR 50.36(c)(2)(ii).
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PCIVs
B 3.6.1.3

BASES

BACKGROUND
(continued)

The 24 and 30 inch primary containment purge valves are
PCIVs that are qualified for use during all operational
conditions. The 24 and 30 inch primary containment purge
valves are normally maintained closed in MODES 1, 2, and 3
to ensure the primary containment boundary is maintained.
However, these purge valves may be open when being used for
pressure control, inerting, de-inerting, ALARA, or air
quality considerations since they are fully qualified. Two
inch bypass lines with isolation valves bypass each primary
containment purge valve when the 24 and 30 inch purge valves
cannot be open.

APPLICABLE
SAFETY ANALYSES

The PCIVs LCO was derived from the assumptions related
to minimizing the loss of reactor coolant inventory and
establishing the primary containment boundary during major
accidents. As part of the primary containment boundary,
PCIV OPERABILITY supports leak tightness of primary
containment. Therefore, the safety analysis of any event
requiring isolation of primary containment is applicable to
this LCO.

The DBAs that result in a release of radioactive material
for which the consequences are mitigated by PCIVs are a loss
of coolant accident (LOCA) and a main steam line break
(MSLB) (Ref. 1). In the analysis for each of these
accidents, it is assumed that PCIVs are either closed or
function to close within the required isolation time
following event initiation. This ensures that potential
paths to the environment through PCIVs (including primary
containment purge valves) are minimized. Of the events
analyzed in Reference 1, the LOCA is the most limiting event
due to radiological consequences. The closure time of the
main steam isolation valves (MSIVs) is a significant
variable from a radiological standpoint. The MSIVs are
required to close within 3 to 5 seconds since the 3 se D
closure time is assumed in the MSIV closure (the mos* !s vere
overpressurization transient) analysis (Ref. 2) and cond
closure time is assumed in the MSLB analysis (Ref. The
safety analyses assume that the purge valves are c ose at
event initiation. Likewise, it is assumed that t e primary
containment isolates such that release of fissi products
to the environment is controlled.

(continued)
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The radiological consequences associated with MSIV leakage following the design basis LOCA is based

on the testing leakage limit of 16.0 scfh as specified in this surveillance. The test pressure, Pt, (25 psig)
specified in this surveillance is less than the peak accident pressure, Pa. The specified Pt is less than P.
due to testing configuration constraints. The leakage assumed in the design basis LOCA analysis (Ref. PCI Vs

7) is calculated by converting the specified test leakage limit to the equivalent leakage rate for P. 3.6.1.3

conditions. This surveillance 3

SURVEILLANCE SR 3.6.1.3.11
REQUIREMENTS

(continued) The analyse in Reference are based n leakage tut is

less than he specified eakage rate. Leakage thr ugh each

MI mus be < 11.5 scf when tested/at Pt (25 psfg). This

ensure a MSIV leakage is properly accounted for in

determining the overall primary containment leakage rate.-
The Frequency is required by the Primary Containment Leakage

Rate Testing Program.

SR 3.6.1.3.12

Surveillance of hydrostatically tested lines provides

assurance that the calculation assumptions of Reference 1

are met. The acceptance criteria for the combined leakage

of all hydrostatically tested lines is c 1.0 gpm times the

total number of hydrostatically tested PCIVs when tested at

1.1 P, (41.8 psig). The combined leakage rates must be

tested at the Frequency required by the Primary Containment
Leakage Rate Testing Program.

REFERENCES 1. FSAR, Chapter 6.2.

2. FSAR, Section 15.2.4.

3. 10 CFR 50.36(c)(2)(ii).

4. Licensee Controlled Specifications Manual.

5. NEDO-32977-A, "Excess Flow Check Valve Testing f
K elaxation," dated June 2000.
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RHR Drywell Spray
_____,___ B 3.6.1.5

TheRHRdrywell s
B 3.6 CONTAINMENT SYSTEMS operatedpost-LOCAtowash

inorganic iodines and
B 3.6.1.5 Residual Heat Removal (RHR) Drywell Spray particulatesfromthedrywell

atmosphere into the suppression

BASES pool and to reduce primary
containment pressure.

BACKGROUND The primary containment is designed with a suppression pool
so that, in the event of a loss of coolant accident (LOCA),
steam released from the primary system is channeled through
the suppression pool water and condensed without producing
significant pressurization of the primary containment. The
primary containment is designed so that with the pool
initially at the minimum water volume and the worst single
failure of the primary containment heat removal systems,

the RHRdrywel spray is suppression pool energy absorption combined with subsequent
credited fortwo functionsinthe operator controlled pool cooling will prevent the primary
LOCA analysis (Ref. 3). The containment pressure from exceeding its design value.
RHR drywellsprayiscredited |However, the primary containment must also withstand a

postulated bypass leakage pathway that allows the passage of
forscrubbing inorganiciodines steam from the drywell directly into the suppression pool

and particulatesfrom the airspace, bypassing the suppression pool. The RHR Drywell
primary containment Spray System is designed to mitigate the effects of bypass
atmosphere. This function leakaaje.
reduces the amount of airborne -\to
activity availableforleakage There are two redundant, 100% capacity RHR drywell spray

bsystems. Each subsystem consists of a suction line from
from primary containment. The he suppression pool, an RHR pump, an RHR heat exchanger,

RHRdrywell spray is also nd one spray sparger inside the drywell. Dispersion of the
creditedforprimarycontainment pray water is accomplished by spray nozzles in each
pressure reduction. This ubsystem.
function reduces thle leak rate ofironrneducesitheleakriate of he RHR drywell spray mode will be manually initiated, if
airborneactivityfromprimary required, following a LOCA, according to emergency
conai procedures.

APPLICABLE Reference 1 contains the results of analyses that predict
SAFETY ANALYSES the primary containment pressure response for a LOCA with

the maximum allowable bypass leakage area.

The equivalent flow path area for bypass leakage has been
specified to be 0.05 ft2. The analysis demonstrates that
with drywell spray operation the primary containment
pressure remains within design limits.

The RHR drywell spray satisfies Criterion 3 of Reference 2.

(continued)
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RHR Drywell Spray
B 3.6.1.5

BASES

SURVEILLANCE SR 3.6.1.5.2
REQUIREMENTS

(continued) This Surveillance is performed every 10 years to verify, by
performance of an air or smoke flow test, that the spray
nozzles are not obstructed and that flow will be provided
when required. The 10 year Frequency is adequate to detect
degradation in performance due to the passive nozzle design
and its normally dry state and has been shown to be
acceptable through operating experience.

REFERENCES 1. FSAR, Section 6.2.1.1.5.4.

2. 10 CFR 50.36(c)(2)(ii).
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& AMSLC System
B 3.6.1.8

B 3.6 CONTAINMENT SYSTEMS

B 3.6.1.8 Main Steam Isolation Valve Leakage Control (MSLC) Sy em

BASES

BACKGROUND The MSLC System supplements the isolat on function of the
MSIVs by processing the fission prod ts that could leak
through the closed MSIVs after a De gn Basis Accident (DBA)
loss of coolant accident (LOCA).

The MSLC System consists of two ndependent subsystems: an
inboard subsystem, which is con ected between the inboard
and outboard MSIVs: and an o board subsystem, which is
connected to the main steamorain line header immediately
downstream of the outboard SIVs. Each subsystem is capable
of processing leakage fr MSIVs following a DBA LOCA. Each
subsystem consists of a ower, valves, and piping. The
inboard subsystem is a so provided with four electric
heaters to boil off y condensate prior to the gas mixture
passing through the low limiter.

Each subsystem o rates in two process modes:
depressurizatio and bleedoff. The depressurization process
reduces the st am line pressure to within the operating
capability of0equipment used for the bleedoff mode. The
effluent is ischarged to the reactor building, which
encloses a volume served by the Standby Gas Treatment (SGT)
System. uring bleedoff (long term leakage control), the
blowers aintain a negative pressure in the main steam lines
(Ref. ). This ensures that leakage through the closed
MSIV is collected by the MSLC System. In this process
mod the effluent is discharged directly to the SGT System.

e MSLC System is manually initiated, and is not required
o be initiated until the pressure of the steam trapped

between the MSIVs decreases to the reactor steam dome
Orpressure. The pressure requirement is estimated to take at

least 1 hour (Ref. 1).

APPLICABt The MSLC System mitigates the consequences of a DBA LOCA by
SAFETY ALYSES ensuring that fission products that may leak from the closed

MSIVs are filtered by the SGT System (Ref. 2). The analyses

/ (continued)
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( by LEE E~mE5=o 6 3.6. I . MSLC System
B 3.6.1.8

BASES

APPLICABLE
SAFETY ANALYSES

(continued)

in Reference 3 provide the evaluation of ffsite dose
consequences. The operation of the MS System prevents a
release of untreated leakage for this ype of event.

The MSLC System satisfies Criterio 3 of Reference 4.

LCO One MSLC subsystem can provide e required processing of
the MSIV leakage. To ensure that this capability is
available, assuming worst cas single failure, two MSLC
subsystems must be OPERABLE.

APPLICABILITY In MODES 1, 2. and 3. a A could lead to a fission product
release. Therefore. MS C System OPERABILITY is required
during these MODES. I MODES 4 and 5. the probability and
consequences of thes events are reduced due to the pressure
and temperature lim ations in these MODES. Therefore,
maintaining the MS System OPERABLE is not required in
MODE 4 or 5 to e ure MSIV leakage is processed.

ACTIONS A.I1

With one MS/C subsystem inoperable, the inoperable MSLC
subsystem ust be restored to OPERABLE status within
30 days. /In this condition, the remaining OPERABLE MSLC
subsyste is adequate to perform the required leakage
contro function. However, the overall reliability is
reduc d because a single failure in the remaining subsystem
coul result in a total loss of MSIV leakage control
fu tion. The 30 day Completion Time is based on the
r undant capability afforded by the remaining OPERABLE MSLC

bsystem and the low probability of a DBA LOCA occurring
during this period.

B.1

With two MSLC subsystems inoperable, at least one subsystem
must be restored to OPERABLE status within 7 days. The
7 day Completion Time is based on the low probability of the
occurrence of a DBA LOCA.

(continued)
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BASES

MSLC System
B 3.6.1.8

ACTIONS C.1 and C.2
(continued)

If the MSLC subsystem cannot be restored to OPERABLE status
within the required Completion Time, t plant must be
brought to a MODE in which the LCO do not apply. To
achieve this status, the plant must e brought to at least
MODE 3 within 12 hours and to MODE within 36 hours. The
allowed Completion Times are reaso able, based on operating
experience, to reach the require plant conditions from full
power conditions in an orderly nner and without
challenging plant systems.

SURVEILLANCE SR 3.6.1.8.1
REOUIREMENTS

Each MSLC System blower s operated for > 15 minutes to
verify OPERABILITY. T 31 day Frequency was developed
considering the known eliability of the MSLC System blower
and controls, the tw subsystem redundancy, and the low
probability of a si nificant degradation of the MSLC
subsystem occurri between Surveillances and has been shown
to be acceptable hrough operating experience.

SR 3.6.1.8.a

The electr al continuity of each inboard MSLC subsystem
heater is verified by a resistance check, by verifying the
rate of emperature increase meets specifications, or by
verify'g the current or wattage draw meets specifications.
The 3 day Frequency is based on operating experience that
has hown that these components usually pass this
Su eillance when performed at this Frequency.

/SR 36.1.8.3

A system functional test is performed to ensure that the
MSLC System will operate through its operating sequence.
This includes verifying that the automatic positioning of
the valves and the operation of each interlock and timer are
correct, that the blowers start and develop a flow rate of
> 24 cfm and < 36 cfm, at a vacuum of > 17 inches water
gauge, and the upstream heaters meet current or wattage draw

(continued)
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BASES

MSLC System
B 3.6 .8

SURVEILLANCE
REOUIREMENTS

SR 3.6.1.8.3 (continued)

requirements. The 18 month Frequenc s based on the need
to perform this Surveillance under he conditions that apply
during a plant outage and the p ential for an unplanned
transient if the Surveillance ere performed with the
reactor at power. Operati experience has shown that these
components usually pass e Surveillance when performed at
the 18 month Frequenc . Therefore, the Frequency was
concluded to be acc table from a reliability standpoint.

REFERENCES 1. FSAR, Sction 6.7.3.

7
2. F$AR. Section 6.7.2.1.

3. FSAR, Sections 15.6.5 and 15.F.6.

4 10 CFR 50.36(c)(2)(ii).
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Secondary Containment
B 3.6.4.1

B 3.6 CONTAINMENT SYSTEMS

B 3.6.4.1 Secondary Containment

BASES

BACKGROUND The function of the secondary containment is to contain,
dilute, and hold up fission products that may leak from
primary containment following a Design Basis Accident (DBA).
In conjunction with operation of the Standby Gas Treatment
(SGT) System and closure of certain valves whose lines
penetrate the secondary containment, the secondary
containment is designed to reduce the activity level of the
fission products prior to release to the environment and to
isolate and contai-n fi~nnin Dr(Lducta-nt-are relt

drncertain operatio n itrie place inside rmr
conainent whn pimar Xotainment is not reuie ob J

z f LE, r tht tke paeoutside primary onane

The secondary containment is a structure that completely
encloses the primary containment and those components that
may be postulated to contain primary system fluid. This
structure forms a control volume that serves to hold up and
dilute the fission products. It is possible for the
pressure in the control volume to rise relative to the
environmental pressure (e.g., due to pump/motor heat load
additions). To prevent ground level exfiltration while
allowing the secondary containment to be designed as a
conventional structure, the secondary containment requires
support systems to maintain the control volume pressure at
less than the external pressure. Requirements for these
systems are specified separately in LCO 3.6.4.2, "Secondary
Containment Isolation Valves (SCIVs)," and LCO 3.6.4.3,
"Standby Gas Treatment (SGT) System."

APPLICABLE The u cident~ gr which credit is
SAFETY ANALYSES taken for secondary containment OPERABILIT es

loss of coolant accident (LOCA) (Ref. 1"'~
no accident (fet. in. Tne secondsry cont

pprorms no ac function in response to
limiting even ; however, its leak tightness is required to
ensure that the release of radioactive materials from the
primary containment is restricted to those leakage paths and

(continued)
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Secondary Containment
B 3.6.4.1

BASES

APPLICABLE associated leakage rates assumed in the accident analysis,
SAFETY ANALYSES and that fission products entrapped within the secondary

(continued) containment structure will be treated by the SGT System
prior to discharge to the environment.

Secondary containment satisfies Criterion 3 of Reference/

LCO An OPERABLE secondary containment provides a control volume
into which fission products that bypass or leak from primary
containment, or are released from the reactor coolant
pressure boundary components located in secondary
containment, can be diluted and processed prior to release
to the environment. For the secondary containment to be
considered OPERABLE, it must have adequate leak tightness to
ensure that the required vacuum can be established and
maintained.

APPLICABILITY BE-
Handl' g a cask/canister 1 ded with spent fuel, aft r the
can' ter is seal welded d leak tested, is not co idered
to be movement of irra Gated fuel.
- - - - - - - - - - - - - - -- - - -

In MODES 1, 2. and 3, a LOCA could lead to a fission product
release to primary containment that leaks to secondary
containment. Therefore, secondary containment OPERABILITY
is required during the same operating conditions that
require primary containment OPERABILITY.

In MODES 4 and 5, the probability and consequences of the
LOCA are reduced due to the pressure and temperature
limitations in these MODES. Therefore, maintaining
secondary containment OPERABLE is not required in MODE 4
or 5 to ensure a control volume, except for other situations
for which significant releases of radioactive material can
be postulated, such as during operations with a potential
for draining the reactor vessel (OPDR s f-GF ring/CRE

rdiated f~el
tassmb~is inthe econdaS containmen

(continued)
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Secondary Containment
B 3.6.4.1

BASES (continued)

ACTIONS A.1

If secondary containment is inoperable, it must be restored
to OPERABLE status within 4 hours. The 4 hour Completion
Time provides a period of time to correct the problem that
is commensurate with the importance of maintaining secondary
containment during MODES 1, 2, and 3. This time period
ensures that the probability of an accident (requiring
secondary containment OPERABILITY) occurring during periods
where secondary containment is inoperable is minimal.

B.1 and B.2

If the secondary containment cannot be restored to OPERABLE
status within the required Completion Time, the plant must
be brought to a MODE in which the LCO does not apply. To
achieve this status, the plant must be brought to at least
MODE 3 within 12 hours and to MODE 4 within 36 hours. The
allowed Completion Times are reasonable, based on operating
experience, to reach the required plant conditions from full
power conditions in an orderly manner and without
challenging plant systems.

C. . g52?

tconainont!2Q£ AlFRATQ5CPD~s an be postulated
to cause fission product release to the secondary
containment. In such cases, the secondary containment is
the only barrnd ub release of fission products t

uel assemblies must be immediatel suspended if then
secondary contai ment is inopera e/

Suspension of fiese activities j all not preclude/opleting
an action thap inspioles MOvn a nmponnnt + f:_--Q

ipstion. Aso , st be immediately initiated to
suspendOtr-omniz the probability of a vessel
draindown and usequent potential for fission product
release. A Ions must continue until OPORVs are suspended.

Columbia Generation Station



Secondary Containment
B 3.6.4.1

BASES

ACTIONS .1. .2 and C.3 (contin )

LCO .0.3 is not applicab e while in MODE 4 or 5. However.
sinc irradiated fuel ass mbly movement can occur in MODE 1,
2, r 3. Required Action C.1 has been modified b a Note
sta ing that LCO 3.0.3 i not applicable. If m ving
ir diated fuel assembl es while in MODE 4 or , LCO 3.0.3
wo Id not specify any ction. If moving irra iated fuel
a emblies while in M E 1, 2, or 3, the fue movement is
i dependent of react operations. Therefo e, in either

se, inability to spend movement of irr diated fuel
ssemblies would n be a sufficient reason to require a
actor shutdown. 2

SURVEILLANCE SR 3.6.4.1.1
REOUIREMENTS

This SR ensures that the secondary containment boundary is
sufficiently leak tight to< eclude exfiltration under

nditions. The 24 hour Frequency of this SR
was developed based ol p5erating experience related to
e ry containment vacuum variations during the

applicable MODES and the low probability of a DBA occurring

,Maintaining thesecobetween surveill
containmentvacuumratgreater Furthermore, the 24 hour Frequency is considered adequate in
than O.Oinchofvacuum water view of other indications available in the control room,
gauge supports the pre-accident including alarms, to alert the operator to an abnormal
conditionsassumedinthe secondary containment vacuum condition.

secondary containment drawdown
analysis(Ref.4). 3.6.4.1.2 and SR 3.6.4.1.3

Verifying that secondary containment equipment hatches and
each inner access door or each outer access door in each
access opening are closed ensures that the infiltration of
outside air of such a magnitude as to prevent maintaining
the desired negative pressure does not occur. Verifying
that all such openings are closed provides adequate
assurance that exfiltration from the secondary containment
will not occur. SR 3.6.4.1.2 also requires equipment
hatches to be sealed. In this application, the term
"sealed" has no connotation of leak tightness. Maintaining

(continued)
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Secondary Containment
B 3.6.4.1

BASES

SURVEILLANCE
REQUIREMENTS,

SR 3.6.4.1.2 andSR 3.6.4.1.3 (continued)

secondary containment OPERABILITY requires verifying all
inner doors or all outer doors in the access opening are
closed. However, each secondary containment access door is
normally kept closed, except when the access opening is
being used for entry and exit or when maintenance is being
performed on an access. The 31 day Frequency for these SRs
has been shown to be adequate based on operating experience,
and is considered adequate in view of the other indications
of door and hatch status that are available to the operator.

SR 3.6.4.1.4an

2eq\vXCf
L46- I k In

I h spe V-S
no

0131-3 ej 0

[The SGFSyem exhausts the-eco dary containmen atmo ere
to the env ronment through appr riate treatment equi ent.
To ensure/ hat all fission prodicts are treated,
SR 3.6.4. .4 verifies that the GT System will rapid y
establis and maintain a press re in the secondary
containm nt that is less than he lowest postulate pressure
external to the secondary containment boundary. T is is
confirm by demonstrating th t one SGT subsystem will draw
down th secondary containmen to > 0.25 inches mf vacuum
water g uge in < 120 seconds. This cannot be acomplished
if the econdary containment oundary is not in act.
SR 3.6 4.1.5 demonstrates th t each SGT subsys m can
mainta n > 0.25 inches of va uum water gauge far 1 hour at a
flow r te < 2240 cfm. The hour test period llows
econd ry containment to be in thermal equili rium at steady
tate conditions. Therefo , these two test are used to
nsur secondary containme t boundary integr ty. Since
hes SRs are secondary c tainment tests, ey need not be
erf rmed with each SGT s'bsystem. The SGT subsystems are
es d on a STAGGERED TE BASIS, however, o ensure that in
dd tion to the require nts of LCO 3.h64 pi
ub ystem will erfrm i ct erating experience has
s REE~these components usually pass the Surveillance when
performed at the 24 month Frequency. Therefore, the
Frequency was concluded to'be acceptable from a reliability
standpoint.

(continued)
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INSERT FOR SR 3.6.4.1.4 BASIS

The inleakage limit of 2430 cfin specified in this surveillance is based upon the free
volume of the secondary containment and corresponds to the flow rate that equates to
one volume per day. The purpose of SR 3.6.4.1.4 is to provide assurance that the
leakage rate is maintained within the limit of the SRP (Ref. 3) and the leakage
assumption in the drawdown analysis. SR 3.6.4.1.4 demonstrates the ability of the
SGT system to maintain at least a 0.25 inch vacuum water gauge in the secondary
containment under steady state conditions. A 1 hour test period provides a reasonable
period of time to establish steady state conditions. This surveillance serves to
demonstrate secondary containment integrity. SR 3.6.4.1.4 together with SR 3.6.4.3.3
provide reasonable assurance that the secondary containment and the SGT system are
capable of mitigating the design basis LOCA by drawing down the secondary
containment within the 20 minute drawdown time credited in the LOCA analysis (Ref.
1).

Since SR 3.6.4.1.4 is a secondary containment integrity test, it does not need to be
performed in conjunction with each performance of SR 3.6.4.3.3. SR 3.6.4.3.3 is
performed on each SGT subsystem on a 24-month frequency. SR 3.6.4.1.4 is
performed on a 24-month staggered test basis. This frequency ensures one
performance of SR 3.6.4.1.4 every 24 months using a single SGT subsystem on an
alternating basis.



Secondary Containment
B 3.6.4.1

BASES (continued)
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SCIVs
B 3.6.4.2

B 3.6 CONTAINMENT SYSTEMS

B 3.6.4.2 Secondary Containment Isolation Valves (SCIVs)

BASES

BACKGROUND The function of the SCIVs, in combination with other
accident mitigation systems, is to limit fission product
release during and fol win s ated Design Basis
Accidents (DBAs) (RefS 1 . Secondary containment
isolation within the time limits specified for those
isolation valves designed to close automatically ensures
that fission products that leak from primary containment

followin t ae relejaed during ce m o ati
when pX mary containment is no required to be OP
that ake lace outside prima containment, a emaintaine
wi-tl i e secon aycna nmn boundary.~

The OPERABILITY requirements for SCIVs help ensure that an
adequate secondary containment boundary is maintained during
and after an accident by minimizing potential paths to the
environment. These isolation devices are either passive or
active (automatic). Manual valves, de-activated automatic
valves secured in their closed position (including check
valves with flow through the valve secured), and blind
flanges are considered passive devices. Isolation 57/
barrier(s) for the penetration are discussed in Referenc

Automatic SCIVs close on a secondary containment isolation
signal to establish a boundary for untreated radioactive
material within secondary containment following a DBA or
other accidents.

Other penetrations are isolated by the use of valves in the
closed position or blind.flanges.

APPLICABLE The SCIVs must be OPERABLE to ensure the secondary
SAFETY ANALYSES containment barrier to fissi produc.treleases is

established. The rn cc iden t for whichth
secondary containment boundarv is required e d

).... coolant accident (Ref. 1)Dand i fa Ru.e

The secondary containment erforms no active
function in response to a limiting eveng. but

(continued)
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SCIVs
B 3.6.4.2

BASES

APPLICABLE the boundary established by SCIVs is required to ensure that
SAFETY ANALYSES leakage from the primary containment is processed by the

(continued) Standby Gas Treatment (SGT) System before being released to
the environment.

Maintaining SCIVs OPERABLE with isolation times within
limits ensures that fission products will remain trapped
inside secondary containment so that they can be treated by
the SGT System prior to discharge to the environment.

SCIVs satisfy Criterion 3 of Reference G

LCO SCIVs form a part of the secondary containment boundary. The
SCIV safety function is related to control of offsite
radiation releases resulting from DBAs.

The automatic power operated isolation valves are considered
OPERABLE when their isolation times are within limits and
the valves actuate on an aytomatic isolation signal. The
valves covered by this LCO, along with their associated
stroke times, are listed in Reference ,

The normally closed isolation valves or blind flanges are
considered OPERABLE when manual valves are closed or open in
accordance with appropriate administrative controls.
automatic SCIVs are de-activated and secured in their closed
position, and blind flanges are in place. These passive
isolation valves or devices are listed in Reference 4-_

APPLICABILITY -N OTE--------- ----
Handli a cask/ca ster loaded ith spent fu . after the
can ter is seal elded and le tested, is ot consider
t e movementX f irradiated uel.///

In MODES 1, 2. and 3, a DBA could lead to a fission product
release to the primary containment that leaks to the
secondary containment. Therefore, OPERABILITY of SCIVs is
required.

In MODES 4 and 5. the probability and consequences of these
events are reduced due to pressure and temperature
limitations in these MODES. Therefore, maintaining SCIVs

(continued)

Columbia Generating Station B 3.6.4.2-2 Revision 28



SC!Vs
B 3.6.4.2

BASES

APPLICABILITY OPERABLE is not required in MODE 4 or 5, except for other
(continued) situations under which significant releases of radioactive

material can be postulated, such as during operations with a
potetia fo drinig the reactor vessel (OPQRV
{ COELTRATUNEorwdrin movement of irradia

Eblesi te ~onda r Venti

ACTIONS The ACTIONS are modified by three Notes. The first Note
allows penetration flow paths to be unisolated
intermittently under administrative controls. These
controls consist of stationing a dedicated operator, who is
in continuous communication with the control room, at the
controls of the isolation device. In this way, the
penetration can be rapidly isolated when the need for
secondary containment isolation is indicated.

The second Note provides clarification that, for the purpose
of this LCO, separate Condition entry is allowed for each
penetration flow path. This is acceptable, since the
Required Actions for each Condition provide appropriate
compensatory actions for each inoperable SCIV. Complying
with the Required Actions may allow for continued operation,
and subsequent inoperable SCIVs are governed by subsequent
Condition entry and application of associated Required
Actions.

The third Note ensures appropriate remedial actions are
taken, if necessary, if the affected system(s) are rendered
inoperable by an inoperable SCIV.

A.1 and A.2

In the event that there are one or more penetration flow
paths with one SCIV inoperable, the affected penetration
flow path(s) must be isolated. The method of isolation must
include the use of at least one isolation barrier that
cannot be adversely affected by a single active failure.
Isolation barriers that meet this criteria are a closed and
de-activated automatic SCIV, a closed manual valve, and a
blind flange. For penetrations isolated in accordance with
Required Action A.1, the device used to isolate the
penetration should be the closest available device to

(continued)
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SCIVs
B 3.6.4.2

BASES

ACTIONS B.1 (continued)

considering the time required to isolate the penetration and
the low probability of a DBA, which requires the SCIVs to
close, occurring during this short time.

The Condition has been modified by a Note stating that
Condition B is only applicable to penetration flow paths
with two isolation valves. This clarifies that only
Condition A is entered if one SCIV is inoperable in each of
two penetrations.

C.1 and C.2

If any Required Action and associated Completion Time cannot
be met, the plant must be brought to a MODE in which the LCO
does not apply. To achieve this status, the plant must be
brought to at least MODE 3 within 12 hours and to MODE 4
within 36 hours. The allowed Completion Times are
reasonable, based on operating experience, to reach the
required plant conditions from full power conditions in an
orderly manner and without challenging plant systems.

D. n

If any Required Action and associated Completion Time cannot

be met, the plant must be Dlaced in a condition in s i e
the suseqenot potnl tfappli 4 f iessi ApvroduItre as
movemen of irradiated ueasseli es in h e seo ndar 5
containment gust be immediat y suspendedX Suspension of /
these activ ties shall not reclude com ~tion of m ement

;;fa nmn~nt to A safen poition. Als.i ;1

action must be immediately initiated to- suspend OPDRVs in
order to minimize the probability of a vessel draindown and
the subsequent potential for fission product release.
Actions must continue until OPDRVs are suspended.

LO3.0.3 is n r appli'cable while fin MODE 4 or 5.' Howve,
since irradiay d fuel assembl y m vment can occur in MDE 1,
2, or 3, Reured Action 0.1 ha { een modified by a/Nt
stating th 2 CO 3.0.3 is not * licable. If movig
irradiated 1e assemblies why in MODE 4 or 5, zCO3.3

(continued)
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SCIVs
B 3.6.4.2

BASES

ACTIONS n continue

would not sp ify any action. f moving irradiat d fuel
assemblies ile in MODE 1, 2, or 3, the fuel m ement is
independen of reactor operat ons. Therefore, n either
case, inab lity to suspend m vement of irradi ted fuel
assemblies would not be a s~ficient reason go require a

rator Sutdown. /~

SURVEILLANCE SR 3.6.4.2.1
REQUIREMENTS

This SR verifies each secondary containment isolation manual
valve and blind flange that is required to be closed during
accident conditions is closed. The SR helps to ensure that
post accident leakage of radioactive fluids or gases outside
of the secondary containment boundary is within design
limits. This SR does not require any testing or valve
manipulation. Rather, it involves verification that those
SCIVs in secondary containment that are capable of being
mispositioned are in the correct position.

Since these SCIVs are readily accessible to personnel during
normal unit operation and verification of their position is
relatively easy, the 31 day Frequency was chosen to provide
addedaissurance that the SCIVs are in the correct positions.

Two Notes have been added to this SR. The first Note
applies to valves and blind flanges located in high
radiation areas and allows them totbe verified by use of
administrative controls. Allowing verification by
administrative controls itsconsidered acceptable, since
access to these areas is typically restricted during
MODES 1, 2, and 3 for ALARA reasons. Therefore, the X

probability of misalignment of these isolation devices, once
they have been verified to be in the proper position, is
low.

A second Note has been included to clarify that SCIVs that
are open under administrative controls are not required to
meet the SR during the time the SCIVs are open. These
controls consist of stationing a dedicated operator at the

(continued)
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SCIVs
B 3.6.4.2

BASES

SURVEILLANCE SR 3.6.4.2.1 (continued)
REQUIREMENTS

controls of the valve, who is in continuous communication
with the control room. In this way, the penetration can be
rapidly isolated when a need for secondary containment
isolation is indicated.

SR 3.6.4.2.2

Verifying the isolation time of each power operated and each
automatic SCIV listed in Licensee Controlled Specification
Table 1.6.4.2-1 is within limits is required to demonstrate
OPERABILITY. The isolation time test ensures that the SCIV
will isolate in a time period less than or equal to that
assumed in the safety analyses. The Frequency of this SR is
in accordance with the Inservice Testing Program.

SR 3.6.4.2.3

Verifying that each automatic SCIV closes on a secondary
containment isolation signal is required to prevent leakage
of radioactive material from secondary containment following
a DBA or other accidents. This SR ensures that each
automatic SCIV will actuate to the isolation position on a
secondary containment isolation signal. The LOGIC SYSTEM
FUNCTIONAL TEST in LCO 3.3.6.2, Secondary Containment
Isolation Instrumentation," overlaps this SR to provide
complete testing of the safety function. The 24 month
Frequency is based on the need to perform this Surveillance
under the conditions that apply during a plant outage and
the potential for an unplanned transient if the Surveillance
were performed with the reactor at power. Operating
experience has shown these components usually pass the
Surveillance when performed at the 24 month Frequency.
Therefore, the Frequency was concluded to be acceptable from
a reliability standpoint.

REFERENCES 1. FSAR, Section."15.6.5(Ezy l.

(continued)
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SCIVs
B 3.6.4.2

BASES

12
REFERENCES a FSAR, Section 6.2.3.2.

(continued)
( u 10 CFR 50.36(c)(2)(ii).

4 & Licensee Controlled Specifications Manual.
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SGT System
B 3.6.4.3

B 3.6 CONTAINMENT SYSTEMS

B 3.6.4.3 Standby Gas Treatment (SGT) System

BASES

BACKGROUND The SGT System is required by 10 CFR 50, Appendix A, GDC 41,
"Containment Atmosphere Cleanup" (Ref. 1). The function of
the SGT System is to ensure that radioactive materials that
leak from the primary containment into the secondary
containment following a Design Basis Accident (OBA) are
filtered and adsorbed prior to exhausting to the
environment.

The SGT System consists of two fully redundant subsystems,
each with its own set of ductwork, dampers, charcoal filter
train, and controls.

Each charcoal filter train consists of (components listed in
order of the direction of the air flow):

a. A moisture separator;

b. Two electric heater banks (one primary and one
backup);

c. A prefilter bank;

d. A high efficiency particulate air (HEPA) filter bank;

e. Two charcoal adsorber banks;

f. A second HEPA filter bank; and

g. Two centrifugal fans (one primary and one backup) each
with inlet flow control vanes.

The sizing of the SGT System equipment and
based on the results of an infiltration analysis, as well as
an exfiltration analysis. The internal pressure of the

)CS3.-pesboundary region is maintained at a negative pressure
of 0.25 inch water gauge when thersystem is in operation, TO-..)
which represents the internal pressure required to ensure d

e=_> zero extiltration of air from the building in
<et ta I -a A

V Ceat +9L X et
______~~~~~~~ _4 _-_-v-Lnti*^-~~~~~
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SGT System
B 3.6.4.3

BASES

BACKGROUND
(continued)

The moisture separator is provided to remove entrained water
in the air, while the electric heaters reduce the relative
humidity of the airstream to less than 70 (Ref. 2). The
prefilter removes large particulate matter, while the HEPA
filter is provided to remove fine particulate matter and
protect the charcoal from fouling. The charcoal adsorber
removes gaseous elemental iodine and organic iodides, and
the final HEPA filter is provided to collect any carbon
fines exhausted from the charcoal adsorber.

The SGT System automatically starts and operates in response
to actuation signals indicative of conditions or an accident
that could require operation of the system. Following
initiation, one fan per subsystem starts. SGT System flows
are controlled automatically by modulating inlet vanes
installed on the SGT fans.

APPLICABLE The design basis for the SGT Sys m s to mitigate the
SAFETY ANALYSES consequences of loss of oola/t accidentfn-d fundhnnLjj

_______ . ldM -he SGT
System is umiat atomatically T iitiated to reduce, via
filtration an a sorption, the radioactive material released
to the environment.

The SGT System satisfies Criterion 3 of Referenc

LCO Following a DBA, a minimum of one SGT subsystem is required
to maintain the secondary containment at a negative pressure
with respect to the environment and to process gaseous
releases. Meeting the LCO requirements for two OPERABLE
subsystems ensures operation of at least one SGT subsystem
in the event of a single active failure. In addition, only
the primary electric heater bank and centrtfugal fan are
required for OPERABILITY of each SGT subsystem.

*----__ ----------- ------ NOTE------ ----------------- X

Handlin a cask/ca iser loaded with/spent fuel, aft r h
canistr is seal w fded and leak tes ed, is not con iere
to be ovement ofM rradiated fuels

APPLICABILITY

conI . n
(continued)
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SGT System
B 3.6.4.3

BASES

APPLICABILITY In MODES 1, 2, and 3, a DBA could lead to a fission product
(continued) release to primary containment that leaks to secondary

containment. Therefore, SGT System OPERABILITY is required
during these MODES.

In MODES 4 and 5, the probability and consequences of these
events are reduced due to the pressure and temperature
limitations in these MODES. Therefore, maintaining the SGT
System OPERABLE is not required in MODE 4 or 5, except for
other situations under which significant releases of
radioactive material can be postulated, such as during
operations witha potential for draining the reactor vessel C
( P n URt AL/HaIONUl7el I|9 oe

rr- rdi ated/ uel seb intesonayc tam

ACTIONS A.1

With one SGT subsystem inoperable, the inoperable subsystem
must be restored to OPERABLE status within 7 days. In this
condition, the remaining'OPERABLE SGT subsystem is adequate
to perform the rdjuired radioactivity release control
function. However, the overall system reliability is
reduced because a single failure in the OPERABLE subsystem
could result in the radioactivity release control function
not being adequately performed. The 7 day Completion Time
is based on consideration of such factors as the
availability of the OPERABLE redundant SGT subsystem and the
low probability of a DBA occurring during this period.

B.1 and B.2

If the SGT subsystem cannot be restored to OPERABLE status
within the required Completion Time in MODE 1, 2, or 3, the
plant must be brought to a MODE in which the LCO does not
apply. To achieve this status, the plant must be brought to
at least MODE 3 within 12 hours and to-MODE 4 within
36 hours: The allowed Completion Times are reasonable,
based on operating experience, to reach the required plant
conditions from full power conditions in an orderly manner
and without challenging plant systems.

(continued)
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SGT System
B 3.6.4.3

BASES

ACTIONS
(continued)

ov en r Tuel a i emblies in
(secondgcontainmento during CORE A TERATIONS, or durinn
Dn A. cannot be completed within

the required Completion Time, the OPERABLE SGT subsystem
should be immediately placed in operation. This Required
Action ensures that the remaining subsystem is OPERABLE,
that no failures that could prevent automatic actuation will
occur, and that any other failure would be readily detected.

An alternative to Required Actidn C.1 is to immediately
suspend activities that represent a potential for releasing
radioactive material to the secondary containment, thus
placing the in a condition that minimizesdown an

I ust be imm diately suspe dei Suspensiono
thes Xctvities shal) not preclude cdpletion of mvWn
ox akompnent to a Xafe position. Aso, if appliafl _'

tffi-nmu-st be immediately initiated to suspend OPDKVs to
mnimize the probability of a vessel draindown and
subsequent potential for fission product release. Action
must continue until OPDRVs are suspended. v

LCO 3.0.3 i not applicable whil in MODE 4 or 5. Ho ver,
since irra iated fuel assembly vement can occur in ODE 1,
2, or 3, he Required Actions Condition C have b en
modified y a Note stating th LCO 3.0.3 is not a plicable.
If movi irradiated fuel ass mblies while in MODr 4 or 5,
LCO 3.0.3 would not specify ny action. If movi0 g
irradi ted fuel assemblies hile in MODE 1, 2, r 3, the
fuel ovement is independe t of reactor opera ons.
Ther fore, in either case inability to susp d movement of
irr iated fuel assembli s would not be a s ficient reason
to require a reactor sh itdown.K____

D.1

If both SGT subsystems are inoperable in MODE 1, 2, or 3,
the SGT System may not be capable of supporting the required
radioactive release control function. Therefore, actions
ar.e required to enter LCO 3.0.3 immediately.

a

0 (connti inued)
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SGT System
B 3.6.4.3

BASES

ACTIONS
(continued)

When two SGT subsystems are inoperablei applicable/CR
!tATtRA110113 dut Ilove r-+-vz^|lruel-assembli s in
the secondary containment must be mmediately susprendd
Suspension Xfthese activities sill not precluecmlto
of movemen Of a component to a fife nosition 5l f

lical ea actions musmediately initiated to suspend
OPDRVsOto minimize the probability of a vessel draindown and
subsequent potential for fission product release. Action
must continue until OPDRVs are suspended.

'LCO 3.0.3 is not anpjicable while in MODE 4 or 5. 0~wvr
since irradiate fyi assembly movement can occu in MODE ,
2, or 3, Require (Action E.1 has been modified Sya Note |
stating that LC 3.0.3 is not applicable. If oving
irradiated fu assemblies while in MODE 4 o 5, LCO 3.0.3
would not sp cify any action. If moving i adiated fuel
assemblies hile in MODE 1, 2, or 3, the uel movement is
independe of reactor operations. The fore, in either
case, in ility to suspend movement of irradiated fuel
assemb es would not be sufficient r ason to require a
react r shutdown.

SURVEILLANCE
REQUIREMENTS

SR 3.6.4.3.1

Operating (from the control room) each SGT subsystem for
> 10 continuous hours ensures that both subsystems are
OPERABLE and that all associated controls are functioning
properly. It also ensures that blockage, fan or motor
failure, or excessive vibration can be detected for
corrective action. Operation with the heaters on (automatic
heater cycling to maintain temperature) for > 10 continuous
hours every 31 days eliminates moisture on the adsorbers and
HEPA filters. The 31 day Frequency was developed in
consideration of the known reliability of fan motors and
controls and the redundancy available in the system.

(continued)
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SGT System
B 3.6.4.3

BASES

SURVEILLANCE
REQUIREMENTS

(continued)

SR 3.6.4.3.2 (i

This SR verifies that the required SGT filte testing is
performed in accordance with the Ventilation Filter Testing
Program (VFTP). The SGT System filter tests re in

of a subsy s accordance with Regulatory Guide 1.52 (Ref.; J. The VFTP
Verification ofasubsystems includes testing HEPA filter performance, charcoal adsorber
ability to obtain at least 4800 efficiency, minimum system flow rate, and the physical
cfn of airflow within 2 miriuteS properties of the activated charcoal (general use and
in con unction with the following specific operations). Specified test frequencies

Jn and additional information are discussed in detail in the
performance of SR 3.6.4-1.4, VFTP.
provides reasonable assurance ,

that the SGT subsystem can SR 3.6.4.3.3 (GAV -4800 Jc'r % OF
achieve and maintain a vacuum I .4I' a'-z' A i
insecondarycontainmentwithin This SR requires verification that each SGT
the 20rminute drawdownperiod upon receipt of an actual or simulated initiation signal. q4

ditedinthedesig basisThe LOGIC SYSTEM FUNCTIONAL TEST in LCO 3.3.6.2, 'Secondarycreh g Containment Isolation Instrumentation," overlaps this SR to
LOCA analysis (Ref. 3). The 2 Drovide complete testing of the safety function. While this
minute acceptance criterion Surveillance can be performed with the reactor at power,
supports thebounding scenario ,perating experience has shown these components usually passthe Surveillance when performed at the 24 month Frequency,
assumed in the drawdown ihich is based on the refueling cycle. Therefore, the
analysisthatisbaseduponaloss :requency was concluded to be acceptable from a reliability
of offsite power followed by a standpoint.
SGT start sequence that includes
a failure of the lead (primary) SR 3.6.4.3.4

fan to start. For thiis bounding
start sequence, the lag (backup) This SR requires verification that the primary SGT filter

t s e cooling recirculation valve can be opened and the primary
fanwillautostartfollowinga fan started. This ensures that the ventilation mode of SGT
short time delay. System operation is available. While this Surveillance can

be performed with the reactor at power, operating experience
has shown these components usually pass the Surveillance
when performed at the 24 month Frequency, which is based on
the refueling cycle. Therefore, the Frequency was concluded
to be acceptable from a reliability standpoint.

(continued)

ohvt
AN% L

_
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SGT System
B 3.6.4.3

BASES (continued)

REFERENCES 1. 10 CFR 50, Appendix A, GDC 41.

2. FSAR, Section 6.5.1.2.

3. FSAR, Sectioe15.6.5

4 10 CFR 50.36(c)(2)(ii).

@ Regulatory Guide 1.52, Rev. 2.

S.
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CREF System
B 3.7.3

B 3.7 PLANT SYSTEMS

B 3.7.3 Control Room Emergency Filtration (CREF) System

BASES

BACKGROUND The CREF System provides a radiologically controlled
environment from which the unit can be safely operated
following a Design Basis Accident (OBA).

The safety related function of the CREF System used to
control radiation exposure consists of two independent and
redundant high efficiency air filtration subsystems for
treatment of outside supply air. Each subsystem consists of
an electric heater, a prefilter, a high efficiency
particulate air (HEPA) filter, an activated charcoal
adsorber section, a filter unit fan, a control room
recirculation fan, and the associated ductwork and dampers.
The electric heater is used to limit the relative humidity
of the air entering the filter train. Prefilters and HEPA
filters remove particulate matter that may be radioactive.
The charcoal adsorbers provide a holdup period for gaseous
iodine, allowing time for decay.

The safety related CREF System is a standby system, but most
of the ductwork is common to the Control Room Heating,
Ventilation, and Air Conditioning (HVAC) System, which is
operated to maintain the control room environment during
normal operation. Upon receipt of the initiation signal(s)
(indicative of conditions that could result in radiation
exposure to control room personnel), the CREF System
automatically switches to the pressurization mode of
operation to prevent infiltration of contaminated air into
the control room. A system of dampers isolates the control
room (from the normal intake and exhaust), and control room

CtIF Id V ' s outside air flow is redirected and processed through either
of the two filter subsystems.

The CREF System is designed to maintain the control room
environment for a 30 da contingus occupancy after a DBA,
without exceeding a 5 rem.1 oedoseq a t

CREF System operation in
maintaining the control room habitability is discussed in
the FSAR, Sections 6.4.1 and 9.4.1 (Refs. 1 and 2,
respectively).

(continued)
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CREF System
B 3.7.3

BASES (continued)

APPLICABLE The ability of the CREF System to maintain the habitability _
SAFETY ANALYSES of the control room is an explicit assumption f the

n resented in the FSAR, Chapters and 15
A LOCA C (Refs. 3 and 4, respectively). The pressurization mode of

the CREF System is assumed to operate following a loss of
[ <Wrc^\ UE S Jcoolant accid man steam 1/he oreafe bno

c~ccldrntBn onto odd accid e r diological
doses to control room personnel as a result of the various
DBAs are summarized in Reference 4. No single active
failure will cause the loss of outside or recirculated air
from the control room.

The CREF System satisfies Criterion 3 of Reference 5.

LCO Two redundant subsystems of the CREF System are required to
be OPERABLE to ensure that at least one is available,
assuming a single failure disables the other subsystem.
Total system failure could result in exceeding a dose of
5 rem to the control room operators in the event of a DBA.

The CREF System is considered OPERABLE when the individual
components necessary to control operator exposure are
OPERABLE in both subsystems. A subsystem is considered
OPERABLE when its associated:

a. Filter unit fan is OPERABLE;

b. HEPA filter and charcoal adsorber are not excessively
restricting flow and are capable of performing their
filtration functions;

c. Heater, ductwork, valves, and dampers are OPERABLE,
and air circulation can be maintained; and

d. Control room recirculation fan is OPERABLE.

In addition, the control room boundary must be maintained,
including the integrity of the walls, floors, ceilings,
ductwork, and access doors, such that the pressurization of
SR 3.7.3.4 can be met. However, it is acceptable for access
doors to be opened for normal control room entry and exit
and not consider it to be a failure to meet the LCO. The

(continued)
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CREF System
B 3.7.3

BASES

LCO
(continued)

LCO is modified by a Note allowing the control room boundary
to be opened intermittently under administrative controls.
For entry and exit through doors, the administrative control
of the opening is performed by the person(s) entering and
exiting the area. For other openings, these controls
consist of stationing a dedicated individual at the opening
who is in continuous communication with the control room.
This individual will have a method to rapidly close the
opening when a need for control room boundary integrity is
required.

APPLICABILITY
Handl ng a cask/canister ba ed with spent fuel, after the
cani ter is seal welded an leak tested, is not cons'dered
to e movement of irradia ed fuel.

- - - - - - - - - - - - -

In MODES 1, 2, and 3. the CREF System must be OPERABLE to
control operator exposure during and following a DBA, since
the DBA could lead to a fission product release.

In MODES 4 and 5, the probability and consequences of a DBA
are reduced due to the pressure and temperature limitations
in these MODES. Therefore, maintaining the CREF System
OPERABLE is not required in MODE 4 or 5, except
fo0 wn situations undefd which signf-dl rdoa tive
releases can be postul at~d

a. During movement o irradiated fuel assembli s in the
secondary contai ient;/

b. During CORE AL ERATIONS; and

c. fring operations with a potential for draining the
reactor vessel (OPDRVs).

ACTIONS A.1

With one CREF subsystem inoperable, the inoperable CREF
subsystem must be restored to OPERABLE status within 7 days.
With the unit in this condition, the remaining OPERABLE CREF
subsystem is adequate to perform control room radiation

(continued)
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CREF System
B 3.7.3

BASES

n r IE S - e 2

ACTIONS
(continued)

U.IC U. i. .E Z. dina uD.!*

.0. is no app icable whr e in MODE 4 or 5. How ver,
since i radiated fuel assembI movement can occur in DE 1,
2, or , the Required Action of Condition D are modfied by
a Not indicating that LCO .0.3 does not apply. I moving
irra ated fuel assemblies hile in MODE 1, 2, or , the
fuel movement is independ t of reactor operation

Th efore, inability to/suspend movement of irr diated fuel
as emblies is not suff cient reason to require/a reactor
s utdown.

D ment of iradiat u fuel assemblieint
n duri/pa CO

OPDRVs, if the inoperable CREF subsystem cannot be restored
to OPERABLE status within the required Completion Time, the
OPERABLE CREF subsystem may be placed in the pressurization
mode. This action ensures that the remaining subsystem is
OPERABLE, that no failures that would prevent automatic
actuation will occur, and that any active failure will be
readily detected.

An alternative to Required Action D.1 is to immediately v~
a s rnvinwes n at prsusefqt a potential for frelsio

1 RRaci fy that might _e~re isolation of th e cnrol
room. Thi places the unit fn a condition that mix mizes
risk.

If appli able, CORE ALTER IONS and movement of radiated
fuel as blies in the si mdary containment muth be
suspendd immediately. spension of these actvities shal
not pr lude completion fmovement of a comoetoa f

osit p n. Als, ifapction mus
mmdtlytLsgn'PERilZ i rg he probability of
t~V! T~H~infi~i9 i7subsequent potential for fission

product release. Actions must continue until the OPDR~s are
suspended.

(continued)
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CREF System
B 3.7.3

BASES

ACTIONS E.1
(continued)

If both CREF subsystems are inoperable in MODE 1, 2, or 3,
for reasons other than an inoperable control room boundary
(i.e., Condition B) the CREF System may not be capable of
performing the intended function and the unit is in a
condition outside of the accident analyses. Therefore,
LCO 3.0.3 must be entered immediately.

F.L nd.3

LCO 3.0.3 is not applicable while in MODE 4 or 5. However,
since irradiated fuel assembly movement can occur in MODE 1,
2, or 3, the Required Actions of Condition F are modified by
a Note indicating that LCO 3.0.3 does not apply. If moving
irradiated fuel assemblies while in MODE 1, 2, or 3, the
fuel movement is independent of reactor operations.
Therefore, inability to suspend movement of irradiated fuel
assemblies is not sufficient reason to require a reactor
shutdown.

During ovement of irra4iated fuel assemDI es [rl yle
r contaimentI /during CORE ALTERATIONS a4 during

S, w two F subsystems inoperable, actio m e
tak mm iaT a
otentia for releasing radi activity that might re uire
isolati of the control ro m. This places the u t in a
conditi n that minimizes r sk.

If ap licable, CORE ALT ATIONS and movement of irradiated
fuel assemblies in the econdary containment st be
sus nded immediately Suspension of these ctivities shall
no preclude completj n of movement of a co ponent to a safe

ition. If appli ble- action miict ho i iAt -
Immediately to suspend OPDRVs to minimize the probability of
a vessel draindown and subsequent potential for fission
product release. Action must continue until the OPDRVs are
suspended.

(continued)
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CREF System
8 3.7.3

BASES I

SURVEILLANCE
REQUIREMENTS

(continued)

SR 3.7.3.4

This SR verifies the integrity of the control room enclosure
and the assumed inleakage rates of potentially contaminated
air. The control room positive pressure, with respect to
potentially contaminated adjacent areas, is periodically
tested to verify proper function of the CREF System. During
the pressurization mode of operation, the CREF System is
designed to slightly pressurize the control room to
0.125 inches water gauge positive pressure with respect to
the radwaste and turbine buildings (as measured in the
radwaste building cable spreading room) to prevent
unfiltered inleakage. The CREF System is designed to
maintain this positive pressure at an outside air flow rate
of < 1000 cfm through the control room in the pressurization
mode. The Frequency of 24 months on a STAGGERED TEST BASIS
is consistent with industry practice and other filtration
system SRs.

REFERENCES 1. FSAR, Section 6.4.1.

2. FSAR, Section 9.4.1.

3. FSAR, Chapter 6.

4. FSAR, Chaptere¶15

5. 10 CFR 50.36(c)(2)(ii).

6. Regulatory Guide 1.52, Revision 2, March 1978.
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Control Room AC System
B 3.7.4

BASES

APPLICABLE
SAFETY ANALYSES

(continued)

The Control Room AC System components are arranged in
redundant safety related subsystems. During emergency
operation, the Control Room AC System maintains a habitable
environment and ensures the OPERABILITY of components in the
control room. A single active failure of a component of the
Control Room AC System, assuming a loss of offsite power,
does not impair the ability of the system to perform its
design function. Redundant detectors and controls are
provided for control room temperature control when the
emergency cooling coils are cooled by the Emergency Chilled
Water System. The Control Room AC System is designed in
accordance with Seismic Category I requirements. The
Control Room AC System is capable of removing sensible and
latent heat loads from the control room, including
consideration of equipment heat loads and personnel
occupancy requirements to ensure equipment OPERABILITY.

The Control Room AC System satisfies Criterion 3 of
Reference 3.

LCO Two independent and redundant subsystems of the Control Room
AC System are required to be OPERABLE to ensure that at
least one is available, assuming a single failure disables
the other subsystem. Total system failure could result in
the equipment operating temperature exceeding limits.

The Control Room AC System is considered OPERABLE when the
individual components necessary to maintain the control room
temperature are OPERABLE in both subsystems. These
components include the emergency cooling coils (either
cooled by the Emergency Chilled Water System or the SW
System), control room recirculation fans, Emergency Chilled
Water System chillers and pumps (if the Emergency Chilled
Water System is being credited with providing cooling to the
emergency cooling coils), ductwork, dampers, and associated
instrumentation and controls. In addition, during
conditions in MODES other than MODES 1, 2, and 3 when the
Control Room AC System is required to be OPERABLE (e.g.,
uri the necessary portions of the SW

o9 V < System and the ultimate heat sink are part of the
OPERABILITY requirements covered by this LCO.

(continued)
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Control Room AC System
B 3.7.4

BASES (continued)

APPLICABILITY- ---- -- NO ---------- -----
Handling cask/canister ba d with spent fuel, a er the
caniste is seal welded and eak tested, is not nsidered
to be ovement of irradiat d fuel.

In MODE 1, 2, or 3, the Control Room AC System must be
OPERABLE to ensure that the control room temperature will
not exceed equipment OPERABILITY limits following control
room isolation.

In MODES 4 and 5, the probability and consequences of a
Design Basis Accident are reduced due to the pressure and
temperature limitations in these MODES. Therefore,
maintaining the Control Room AC System OPERABLE is not
required in MODE 4 or 5 e TF-lc01wi a

inoprbl contl o raC oactive releases cato
OPRAB tated us wh 30 d-as

oa. n uit ng movemenm of irraPEated fuel assembl esAC n tem
s ondary contpinme ntct r

b cauring CORE ALTERAT h e; and s could

resultring operations with a potential for draining the
fuctreactor vessel (OPDRVs).

ACTIONS A.1

With one control room AC subsystem inoperable, the
inoperable control room AC subsystem must be restored to
OPERABLE status within 30 days. With the unit in this
condition, the remaining OPERABLE control room AC subsystem
is adequate to perform the control room air conditioning
function. However, the overall reliability is reduced
because a single failure in the OPERABLE subsystem could
result in loss of the control room air conditioning
function. The 30 day Completion Time is based on the low
probability of an event occurring requiring control room
isolation, the consideration that the remaining subsystem
can provide the required protection, and the availability of
alternate cooling methods.

(continued)
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Control Room AC System
B 3.7.4

BASES

ACTIONS B.1 and B.2
(continued)

In MODE 1, 2. or 3, if the inoperable control room AC
subsystem cannot be restored to OPERABLE status within the
associated Completion Time, the unit must be placed in a
MODE that minimizes risk. To achieve this status the unit
must be placed in at least MODE 3 within 12 hours and in
MODE 4 within 36 hours. The allowed Completion Times are
reasonable, based on operating experience, to reach the
required unit conditions from full power conditions in an
orderly manner and without challenging unit systems.

C.1 adC.2 0

'LO .03is n t applicabl5e w-ITile in M UF 4 or b. Hwyr,
since irradiae d fuel assembly movem can occur in 1
2, or 3, the Required Actions of Co a ition C are mod bw
a Note indiating that LCO 3.0.3 di not apply. If oving
irradiatenfuel assemblies while s yn MODE 1, 2 or 3ALhe
fuel mov fent is independent op actor operatio ns.
Aherefo inability to suspend A ovement of irradiated fuel
assemies is not sufficient raon to require a eactor
s-'t/ wn
Durinoom Th ent of irrauni in acoitassembio n thI i

ntainmenI.f ppiabe CORE ALTERAT oradiated
fu1 s, semb ired Action A.1 cannot be c ustlbe
the required Completion Time, the OPERABLE control room AC
subsystem may be placed immediately in operation. This
action ensures that the remaining subsystem is OPERABLEd
that no failures that would prevent actuation will occur,
and that any active failure will be readily detected.

An alternative to Required Action C.1 is to immediately
t U8lt ills that prsn penIa for reles

radio ctivity that mi ght re uire isolation of the c ntrol
room/ This places the uni in a condition that mi imizes

If pplicable, CORE ALT ATIONS and movement o /rradiated
ful assemblies in th secondary containment Crst be
su pended immediately Suspension of these Activities shall

(continued)
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Control Room AC System
B 3.7.4

BASES

ACTIONS C.1. C.2.1. C.2.2. and C.2.3 (continued)

ot cld completeo ofMvment of a component oas
posit on. Also, if aplchP notion Must 1e j nitae

imdate l s upend OPDRVs to minimize the probability of
a vesseldrindown and subsequent potential for fission
product release. Action must continue until the OPDRVs are
suspended.

D.1

If both control room AC subsystems are inoperable in MODE 1,
2. or 3, the Control Room AC System may not be capable of
performing the intended function. Therefore, LCO 3.0.3 must
be entered immediately.

E. E.

LCO 3.0.3 is not applicabl nwhile in MODE 4 or 5. Ho ver,
since irradiated fuel ass bly movement can occur in ODE 1,
2, or 3. the Required Ac ions of Condition E.1 are m dified
by a Note indicating th t LCO 3.0.3 does not apply. If
moving irradiated fuel assemblies while in MODE 1, . or 3,
the fuel movement is ndependent of reactor operat ons.
Therefore, inability/to suspend movement of irrad' ted fuel/
assemblies is not s fficient reason to require a Reacto
shutdown~--

During mov ent of irra iatea fuel assem I-Ts in
icon arvcontainment. durinq/CORE ALTERATIONS, or during

OP V s wwith two control roo subsystems inoperab
action must be taken to d ately suspend ac ivities hat

o rel sing radioactivity that ght
equire isolation of the c trol room. This places e unit
n a c ndition that minimzes risk.

f ap licable, CORE ALT RATIONS and handling of rradiated
uel in the secondary ontainment must be susp ded
mm iately. Suspe ion of these activities all not
re lude completio of movement of a compon to a safe

(continued)
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Control Room AC System
B 3.7.4

BASES

ACTIONS ATOoE. o ntinued)

immediately to suspend OPDRVs to minimize the probability of
a vessel draindown and subsequent potential for fission
product release. Action must continue until the OPDRVs are
suspended.

SURVEILLANCE SR 3.7.4.1
REQUIREMENTS

This SR verifies that the heat removal capability of the
system is sufficient to remove the control room heat load
assumed in the safety analyses. The SR consists of a
combination of testing and calculation. The 24 month
Frequency is appropriate since significant degradation of
the Control Room AC System is not expected over this time
period.

REFERENCES 1. FSAR, Section 6.4.

2. FSAR, Section 9.4.1.

3. 10 CFR 50.36(c)(2)(ii).

Columbia Generating Station B 3.7.4-6 Revision 28



jin Condenser Offgas
B 3.7.5

B 3.7 PLANT SYSTEMS

B 3.7.5 Main Condenser Offgas

BASES

BACKGROUND During unit operation, steam from the low pressure turbine
is exhausted directly into the main condenser. Air and
noncondensible gases are collected in the main condenser,
then exhausted through the steam jet air ejectors (SJAEs) to
the Main Condenser Offgas System. The offgas from the main
condenser normally includes radioactive gases.

The Main Condenser Offgas System has been incorporated into
the unit design to reduce the gaseous radwaste emission.
This system uses a catalytic recombiner to recombine
radiolytically dissociated hydrogen and oxygen. The gaseous
mixture is cooled by the offgas condenser; the water and
condensibles are stripped out by the offgas condenser and
moisture separator. The radioactivity of the remaining
gaseous mixture (i.e., the offgas recombiner effluent) is
monitored downstream of the moisture separator prior to
entering the holdup line.

APPLICABLE
SAFETY ANALYSES

The main condenser offgas gross gamma activity rate is an
initial condition of the Main Condenser Offgas System
failure event as discussed in the FSAR, Section 11.3
(Ref. 1). The analysis assumes a single failure of a single
component ih the Main Condenser Offgas System. The gross
gamma activity rate is controlled to ensure that during the
event, the calculated offsite doses wi ;_be well within the
limits (NUREG-0800, Ref. 2) of 10 CFR R

The main condenser offgas limits satisfy Criteron 2 of
Reference 4.

LCO To ensure compliance with the assumptions of the Main
Condenser Offgas System failure event (Ref. 1), the fission
product release rate should be consistent with a noble gas
release to the reactor coolant of 100 pCi/Mwt-second after
decay of 30 minutes. The LCO is established consistent with
this requirement (3323 Mwt x 100 pCi/Mwt-second -

332 mCi/second) and is based on the original licensed RATED
THERMAL POWER.

(continued)
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uin Condenser Offgas
B 3.7.5

BASES (continued)

SURVEILLANCE SR 3.7.5.1
REQUIREMENTS

This SR, on a 31 day Frequency, requires an isotopic
analysis of an offgas sample (taken at the discharge of the
main condenser air ejector prior to dilution) to ensure that
the required limits are satisfied. The noble gases to be
sampled are Xe-133. Xe-135. Xe-138, Kr-85, Kr-87, and Kr-88.
If the measured rate of radioactivity increases
significantly (by > 50 after correcting for expected
increases due to changes in THERMAL POWER), an isotopic
analysis is also performed within 4 hours after the increase
is noted, to ensure that the increase is not indicative of a
sustained increase in the radioactivity rate. The 31 day
Frequency is adequate in view of other instrumentation that
continuously monitor the offgas. and is acceptable based on
operating experience.

This SR is modified by a Note indicating that the SR is not
required to be performed until 31 days after any main steam
line is not isolated and the SJAE is in operation. Only in
this condition can radioactive fission gases be in the Main
Condenser Offgas System at significant rates.

REFERENCES 1. FSAR, Section 11.3.

2. NUREG-0800.

3. 10 CFR 0..

4. 10 CFR 50.36(c)(2)(ii)
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Spent Fuel Storage Pool Water Level
B 3.7.7

B 3.7 PLANT SYSTEMS

B 3.7.7 Spent Fuel Storage Pool Water Level

BASES

BACKGROUND The minimum water level in the spent fuel storage pool meets
the assumptions of iodine decontamination factors following
a fuel handling accident.

A general description of the spent fuel storage pool design
is found in the FSAR, Section 9.1.2 (Ref. 1). The
assumptions of the fuel handling accident are found in the
FSAR, Section 15.7.4 (Ref. 2).

APPLICABLE The water level above the irradiated fuel assemblies is an
SAFETY ANALYSES explicit assumption of the fuel handling accident (Ref. 2).

A fuel handling accident is evaluated to ensure that the
radiological consequences rclMated wnole-b-ody ad thyroid

ok Fuse t Ae exclusio = raag low population zie
{<pt<)to|+} oundar i are < 25% (NURE 4800, Section 15.74 Re.3J

of the CFR 100 (Ref. 4) posure uidelin
{ \<; tfs > hading accident could release a fraction Hi~he fission

1 product inventory by breachi he fu rod stdding as
.4 lQ C iscussed in the Regulator Guid e Re

, 3) 2 he fuel handling accident i or t dropping of
n irradiated fuel assembly onto the reactor core. The

CWt 64C, onsequences of a fuel handling accident over the spent fuel
torage pool are no more severe than those of the fuel

f c q ~andling accident over the reactor core (Ref. 2). The water
evel in the spent fuel storage pool provides for absorption

of water soluble fission product gases and transport delays
of soluble and insoluble gases that must pass through the
water before being released to the secondary containment
atmosphere. This absorption and transport delay reduces the
potential radioactivity of the release during a fuel
handling accident.

The spent fuel storage poQl water level satisfies
Criterion 2 of Referenc OX

US (continued)
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Spent Fuel Storage Pool Water Level
B 3.7.7

BASES (continued)

REFERENCES 1. FSAR, Section 9.1.2.

2. FSAR, Section 15.7.4.

Q3. NREG-000 Setin/1-74,Revision 1, Juy 19

G:Z:A~, 10 CFR4 6rn

J4-3 Regulatory Guide .25 Mar

10 CFR 50.36(c)(2)(ii).
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AC Sources- Shutdown
B 3.8.2

B 3.8 ELECTRICAL POWER SYSTEMS

B 3.8.2 AC Sources- Shutdown

BASES

BACKGROUND A description of the AC sources is provided in the Bases for
LCO 3.8.1, "AC Sources- Operating."

APPLICABLE ------------------------NOTE- ---------------- ----
SAFETY ANALYSES Handling/a cask/canister loaded ith spent fuel, afte the

caniste is seal welded and lea tested, is not cons dered
to be vement of irradiated fel.

The OPERABILITY of the minimum AC sources during MODES 4A
dring m09vment of irraditte-a tu a ss-en

a. The unit can be maintained in the shutdown or
refueling condition for extended periods;

b. Sufficient instrumentation and control capability is
available for monitoring and maintaining the unit
status; and

c. Adequate AC electrical power is provided to mitigate
events postulated during shutdown, such as an
inadvertent draindown of the vessel

In general, when the unit is shutdown the Technical
Specifications (TS) requirements ensure that the unit has
the capability to mitigate the consequences of postulated
accidents. However, assuming a single failure and
concurrent loss of all offsite or loss of all onsite power
is not required. The rationale for this is based on the
fact that many Design Basis Accidents (DBAs), which are
analyzed in MODES 1, 2, and 3, have no specific analyses in
MODES 4 and 5. Worst case bounding events are deemed not
credible in MODES 4 and 5 because the energy contained
within the reactor pressure boundary, reactor coolant
temperature and pressure, and the corresponding stresses
result in the probabilities of occurrence significantly
reduced or eliminated, and minimal consequences. These

(continued)
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AC Sources -Shutdown
B 3.8.2

BASES (continued)

LCO One offsite circuit supplying onsite Class lE power
distribution subsystem(s) of LCO 3.8.8, "Distribution
Systems -Shutdown," ensures that all required loads are
powered from offsite power. An OPERABLE DG, associated with
a Division 1 or Division 2 Distribution System Engineered
Safety Feature (ESF) bus required OPERABLE by LCO 3.8.8,
ensures a diverse power source is available to provide
electrical power support, assuming a loss of the offsite
circuit. Similarly, when the high pressure core spray
(HPCS) is required to be OPERABLE, an OPERABLE Division 3 DG
ensures an additional source of power for the HPCS.
Together, OPERABILITY of the required offsite circuit(s) and
DG(s) ensures the availability of sufficient AC sources to

o~ operate the plant in a safe manner and to mitigate the
consequences of postulated events during shutdown (e.g.,

ehandli cdents reactor vessel draindown).

The qualified offsite circuit(s) must be capable of
maintaining rated frequency and voltage while connected to
their respective ESF bus(es), and accepting required loads
during an accident. Qualified offsite circuits are those
that are described in the FSAR and are part of the licensing
basis for the plant. The qualified offsite circuit includes
the circuit path and disconnect to the respective
transformer, the circuit path and breakers to the respective
non-Class 1E 4.16 kV switchgear, SM-1, SM-2, and SM-3 (for
the TR-S offsite circuit only), and the circuit path and
breakers to the respective Class 1E switchgear (SM-4, SM-7,
and SM-8) required by LCO 3.8.8.

The required DG must be capable of starting, accelerating to
rated speed and voltage, and connecting to its respective
ESF bus on detection of bus undervoltage, and accepting
required loads. This sequence must be accomplished within
15 seconds for Divisions 1 and 2, and 18 seconds for
Division 3. The DG-3 18 second start time includes the Loss
of Voltage-Time Delay Function specified in LCO 3.3.8.1,
"Loss of Power (LOP) Instrumentation." Each DG must also be
capable of accepting required loads within the assumed
loading sequence intervals, and must continue to operate
until offsite power can be restored to the ESF buses. These
capabilities are required to be met from a variety of
Initial conditions such as: DG in standby with the engine
hot and DG in standby with the engine at ambient conditions.
Additional DG capabilities must be demonstrated to meet

(continued)
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AC Sources- Shutdown
8 3.8.2

BASES

LCO required Surveillances, e.g., capability of the OG to revert
(continued) to standby status on an ECCS signal while operating in

parallel test mode.

Proper sequencing of loads, including tripping of
nonessential loads, is a required function for DG
OPERABILITY. The necessary portions of the Standby Service
Water and HPCS Service Water systems are also required to
provide appropriate cooling to each required DG.

It is acceptable for divisions to be cross tied during
shutdown conditions, permitting a single offsite power
circuit to supply all required divisions. No fast transfer
capability is required for offsite circuits to be considered
OPERABLE.

APPLICABILITY The AC sources uired to be OPERABLE in MODES 4 a

onday fotainen rovide asslurance-ti}at: ~

a. Systems to provide adequate coolant inventory makeup
are available for the irradiated fuel in the core in
case of an inadvertent draindown of the reactor
vessel;

'T. Syste s needed to mitigat /'a fuel nanalin9'acciden
are va aia h _ -'

g bs ~Systems necessary to mitigate the effects of events
that can lead to core damage during shutdown are
available; and

Instrumentation and control capability is available
for monitoring and maintaining the unit in a cold
shutdown condition or refueling condition.

The AC power requirements for MODES 1, 2, and 3 are covered
in LCO 3.8.1.

ACTIONS ( 3.0.3 is not aplicable while in DE 4 or 5. Ho ver,
\since irradiated fuel assembly movem nt can occur in ODE 1,

or 3, the ACT ONS have been modi ied by a Note s ating
hat LCO 3.0.3 / not applicable. If moving irradiated fuel ]

(continued)
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AC Sources- Shutdown
B 3.8.2

BASES

ACTIONS assemblies while in DE 4 or 5, LCO 3.0.3 would ot
(continued) any action. If movi g irradiated fuel assembli while in

MODE 1, 2, or 3, thi fuel movement is ineed itof reactor
operations. There ore, in either caseia t to suspen

movmet f iraiaedfuel assemblies wud obe/
sufficient reason to require a reactor shu own.

A.1

An offsite circuit is considered inoperable if it is not
available to one required ESF division. If two or more

4 ESF 4.16 kV buses are required per LCO 3.8.8, division(s)
with offsite power available may be capable of support'L____S
suffi ient required features to allow continuation of

uel operations with a potential
for draining the reactor vessel. By the allowance of the
option to declare required features inoperable that are not
powered from offsite power, appropriate restrictions can be
implemented in accordance with the required feature(s) LCOs'
ACTIONS. Required features remaining powered from a
qualified offsite power circuit, even if that circuit is
considered inoperable because it is not powering other
required features, are not declared inoperable by this
Required Action.

A.2.1. A.2.2. B.1.

With the offsite circuit not available to all required
divisions, the option still exists to declare all required
features inoperable per Required Action A.1. Since this
option may involve undesired administrative efforts, the
allowance for sufficiently conservative actions is made.
With the required DG inoperable, the minimum required
diversity of AC power sources is not available. It isl__
therefore, required to suspt

F6~ ldata ue aelDia in the secpnnary contaFnmet n
act1 ViTeY-TZFL COUIC pUtentia ly result in inadvertent
draining of the reactor vessel.

Suspension of these activities shall not preclude completion
of actions to establish a safe conservative condition.
These actions minimize probability of the occurrence of
postulated events. It is further required to initiate

(continued)
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AC Sources - Shutdown
B 3.8.2

BASESX

ACTIONS A.2.1. A.2.2. C 22.,B.'1. .2
(continued)

action immediately to restore the required AC sources and to
continue this action until restoration is accomplished in
order to provide the necessary AC power to the plant safety
systems.

The Completion Time of immediately is consistent with the
required times for actions requiring prompt attention. The
restoration of the required AC electrical power sources
should be completed as quickly as possible in order to
minimize the time during which the plant safety systems may
be without sufficient power.

Pursuant to LCO 3.0.6, the Distribution System ACTIONS are
not enterad-even.if all AC sources to it are inoperable,
resulting in de-energizatfon. Therefore, the Required
Actions of Condition A have been modified by a Note to
indicate that when Condition A is entered with no AC power
to any required ESF bus, ACTIONS for LCO 3.8.8 must be
immediately entered. This Note allows Condition A to
provide requirements for the loss of the offsite circuit
whether or not a division is de-energized. LCO 3.8.8
provides the appropriate restrictions for the situation
involving a de-energized division.

C.1

When the HPCS is required to be OPERABLE, and the Division 3
DG is inoperable, the required diversity of AC power sources
to the HPCS is not available. Since these sources only
affect the HPCS, the HPCS is declared inoperable and the
Required Actions of LCO 3.5.2, "Emergency Core Cooling
System - Shutdown" entered.

In the event all sources of power to Division 3 are lost,
Cftdition A will also be entered and direct that the ACTIONS
of LCO 3.8.8'be taleen. If only the Division 3 DG is
inoperable, and power is still supplied to HPCS, 72 hours is
allowed to restore the DG to OPERABLE. This is reasonable
considering HPCS will still perform its function, absent an
additional single failure.

(continued)
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DC Sources-Shutdown
B 3.8.5

B 3.8 ELECTRICAL POWER SYSTEMS

B 3.8.5 DC Sources -Shutdown

BASES

BACKGROUND A description of the DC sources is provided in the Bases for
a ru - . IA -o e _ n__ _ :__ as-
LLU .iA.4, uL Sources- uperating.--

APPLICABLE ----------------- N 1 E-------------------- -----
SAFETY ANALYSES Handlin a cask/canister loa ed with spent fuel, af er the

canist is seal welded and/leak tested, is not cosied
to be l vement of irradia Ad el./

The initial conditions of Design Basis Accident and
transient aninhe FSAR, Chapter 6 (Ref. 1) and
Chapte [5 a 1 5 (Ref. 2), assume that Engineered Safety
Feature systems are OPERABLE. The DC electrical power
system provides normal and emergency DC electrical power for
the diesel generators, emergency auxiliaries, and control
and switching during all MODES of opera

The OPERABILITY of the DC subsystems is consistent with the
initial assumptions of the accident analyses and the
requirements for the supported systems' OPERABILITY.

The OPERABILITY of th~ nimum DC electrical power s

> ssemb~lies in /he-se-condary containmentrTh~-sures that:

a. The facility can be maintained in the shutdown or
refueling condition for extended periods;

b. Sufficient instrumentation and control capability is
available for monitoring and maintaining the unit
status; and

(continued)
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BASES

I

APPLICABLE
SAFETY ANALYSES

(continued)

LCO

c. Adequate DC electrical power is provided to mitigate
events pos/u0a Lea auring snut wn, sucn as an
inadvertOt draindown of the/vessel or a fuels ndling

The DC sources satisfy Criterion 3 of Reference 3.

The DC electrical power subsystems, each consisting of one
battery, one battery charger, and the corresponding control
equipment and interconnecting cabling supplying power to the
associated bus within the division, are required to be
OPERABLE to support required Distribution System divisions
required OPERABLE by LCO 3.8.8, "Distribution
Systems -Shutdown." This ensures the availability of
sufficient DC electrical power sources to operate the unit
in a safe manner and to mitigate the consequences of

' postula~ted events during /Iiutaown (e.g., tuy n andling N
tcci 'nts and inadverte.K4 reactor vessel s/aindown).

APPLICABILITY The DC electrical power sources required to be OPERABLE in

(= =- ~hifs- - in to- scan d a r c t a i nmn assurance
that:

a. Required features to provide adequate coolant
inventory makeup are available for the irradiated fuel
assemblies in the core in case of an inadvertent
draindown of the reactor vessel;

b. Requ ded features needed Ho mitigate a fuel ht dlinga
acc e taeavailable; v

features necessary to mitigate the effects of
events that can lead to core damage during shutdown
are available; and

Instrumentation and control capability is available
for monitoring and maintaining the unit in a cold
shutdown condition or refueling condition.

The DC electrical power requirements for MODES 1, 2, and 3
are covered in LCO 3.8.4.

(continued)
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DC Sources- Shutdown
B 3.8.5

BASES (continued)

ACTIONS .0. is not applicale whi e in5MODE 4 r5. w r,
since i radiated fuel assembly movement can occur MODE 1,
2, or , the ACTIONS have bee modified by a Note stating
that L 0 3.0.3 is not applic ble. If moving irr diated fuel
assem lies while in MODE 4 r 5, LCO 3.0.3 woul not specify
any a tion. If moving irr diated fuel assembl s while in
MODE 1, 2, or 3, the fuel movement is indepen nt of reactor
ope tions. Therefore, n either case, inab ity to suspend
mov ment of irradiated uel assemblies woul not be
su ficient reason to quire a reactor shu down.

A.1. A. 2.1 A id A12.4
J_

If more than one DC distribution subsystem is required
according to LCO 3.8.8, the DC electrical power subsystems
remaining OPERABLE with one or more DC electrical power
subsystems inoperable may be capable of supporting
sufficient required features to allow continuation of 'rY

TLT oNS. fuel rbvement, and operations with a potential
for draining the reactor vessel. By allowing the option to
declare required features inoperable with associated DC
electrical power subsystem(s) inoperable, appropriate
restrictions are implemented in accordance with the affected
system LCOs' ACTIONS. However, in many instances this
option may involve undesired administrative efforts.
Therefore, the allowance for sufficiently conservative
actions is made (i.e., to suspe TERATIONS, memen

cT-t 1 d Lea ine Tstombi- in th secondarv crnta nment.
a~ngny a~ctivi-ties that coula7resIut in inadvertent draining
of the reactor vessel).

Suspension of these activities shall not preclude completion
of actions to establish a safe conservative condition.
These actions minimize the probability of the occurrence of
postulated events. It is further required to immediately
initiate action to restore the required DC electrical power
subsystems and to continue this action until restoration is
accomplished in order to provide the necessary DC electrical
power to the plant safety systems.

The Completion
required times
restoration of

Time of immediately is consistent with the
for actions requiring prompt attention. The
the required DC electrical power subsystems

(continued)
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DC Sources- Shutdown
B 3.8.5

BASES

ACTIONS (continued)

should be completed as quickly as possible in order to
minimize the time during which the plant safety systems may
be without sufficient power.

SURVEILLANCE
REQUIREMENTS

SR 3.8.5.1

SR 3.8.5.1 requires performance of all Surveillances
required by SR 3.8.4.1 through SR 3.8.4.8. Therefore, see
the corresponding Bases for LCO 3.8.4 for a discussion of
each SR.

This SR is modified by a Note. The reason for the Note is
to preclude requiring OPERABLE DC sources from being
discharged below their capability to provide the required
power supply or otherwise rendered inoperable during
performance of SRs. It is the intent that these SRs must
still be capable of being met, but actual performance is not
required.

REFERENCES 1. FSAR, Chapter 6

2. FSAR, Chapte

3. 10 CFR 50.36(c)(2)(ii).
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Distribution Systems - Shutdown
B 3.8.8

B 3.8 ELECTRICAL POWER SYSTEMS

B 3.8.8 Distribution Systems -Shutdown

BASES

BACKGROUND A description of the AC and DC electrical power distribution
systems is provided in the Bases for LCO 3.8.7,
"Distribution Systems -Operating."

APPLICABLE [ -- E------------N ----------------
SAFETY ANALYSES Handli a cask/canister lo ed with spent fuel, fter the

canis r is seal welded an leak tested, is not onsidered
o b movement of irradi ed fuel.

The initial conditions of Design Basis Accident and
transient;onalyses in e FSAR, Chapter 6 (Ref. 1) and
Chaptero 15 677"_Jl(kef. 2), assume Engineered Safety
Feature (ESF) systems are OPERABLE. The AC and DC
electrical power distribution systems are designed to
provide sufficient capacity, capability, redundancy, and
reliability to ensure the availability of necessary power to
ESF systems so that the fuel, Reactor Coolant System, and
containment design limits are not exceeded.

The OPERABILITY of the AC and DC electrical power
distribution system is consistent with the initial
assumptions of the accident analyses and the requirements
for the supported systems' OPERABILITY.

The OPERABILITY of the minimum AC and DC electrical power
sources and associated power distribution subs stems during

a. The facility can be maintained in the shutdown or
refueling condition for extended periods;

b. Sufficient instrumentation and control capability is
available for monitoring and maintaining the unit
status; and

(continued)
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Distribution Systems -Shutdown
B 3.8.8

BASES

APPLICABLE c. Adequate power is provided to mitigate events
SAFETY ANALYSES postulated during shutdown, such as an inadvertent

(continued) draindown of the vessel inn aciiden~p

The AC and DC electrical power distribution systems satisfy
Criterion 3 of Reference 3.

LCO Various combinations of subsystems, equipment, and
components are required OPERABLE by other LCOs, depending on
the specific plant condition. Implicit in those
requirements is the required OPERABILITY of necessary
support features. This LCO explicitly requires energization
of the portions of the electrical distribution system
necessary to support OPERABILITY of Technical
Specifications' required systems, equipment, and
components-both specifically addressed by their own LCOs,
and implicitly required by the definition of OPERABILITY.

In addition, it is acceptable for required buses to be
cross-tied during shutdown conditions, permitting a single
source to supply multiple redundant buses, provided the
source is capable of maintaining proper frequency (if
required) and voltage.

Maintaining these portions of the distribution system\> energized ensures the availability of sufficient power to
operate the plant in a safe manner to mitigate the
consequences of postulated events during shutdown (e.g.,

ocsident-'aonI inadvertent reactor vessel
draindown).

APPLICABILITY The AC and DC electrical power distribution subsvstpmq n
r equired to be OPERABLE in MODES 4 and during mov/63171r`-

provlfiDry contaitePthat

a. Systems to provide adequate coolant inventory makeup
are available for the irradiated fuel in the core in
case of an inadvertent draindown of the reactor
vessel; I

b. ~~yste s needed to miti'ate a fuel handling a9kidef)nt
are /vailable; / /

(continued)
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Distribution Systems - Shutdown
B 3.8.8

BASES

APPLICABILITY Systems necessary to mitigate the effects of events
(continued) that can lead to core damage during shutdown are

v available; and

Instrumentation and control capability is available
for monitoring and maintaining the unit in a cold
shutdown or refueling condition.

The AC and DC electrical power distribution subsystem

ACTIONS

requirements for MODES 1, 2, and 3 are covered in LCO 3.8.7.

LCO3. 3 s not applicable thile in MODE 4 or 5. w~gevr
since Xrradiated fuel :vsseeTy y mo vement can occur OnMDE 1,
2, or/3, the ACTIONS hav ,en modfe byaote/satn

that ACO 3.0.3 is not appp cable. If moving irriadiated fuel
asse blies while in MODE/ or 5, LCO 3.0.3 wou not specify
aony/action. If moving rradiated fuel assemblyes while in
MO C 1, 2, or 3, the f1e movement isnindeperdent of reactor
op ain. Therefor, in either ca s e inilty to suspend
mement of irradia idfuel assem b is o d not be

s fficient reason gorequire a reactor sHutdown.

A.I. A.2.1. A.-2.2.g 3
- - -- --C

Although redundant required features may require redundant
divisions of electrical power distribution subsystems to be
OPERABLE, one OPERABLE distribution subsystem division may
be capable of supporting sufficient required features to
allow continuation ofCORE & RI .fui1 move
operations with a potential for draining the reactor vessel.
By allowing the option to declare required features
associated with an inoperable distribution subsystem
inoperable, appropriate restrictions are implemented in
accordance with the affected distribution subsystem LCO's
Required Actions. In many instances, this option may
involve undesired administrative efforts. Therefore, the
allowance for sufficiently conservative actions is made D
sf susemles n CO -A Ie K seonar MovemepnT I i rany~ d~

activities that ui result in inadvertent draining of the
reactor vessel).

(continued)
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Distribution Systems - Shutdown
B 3.8.8

BASES

ACTIONS A. I. A. 2. 1. A. 2. 2. A.2. 24 -adA2. (continued)

Suspension of these activities shall not preclude completion
of actions to establish a safe conservative condition.
These actions minimize the probability of the occurrence of
postulated events. It is further required to immediately
initiate action to restore the required AC and DC electrical
power distribution subsystems and to continue this action
until restoration is accomplished in order to provide the
necessary power to the plant safety s

Notwithstanding performance of e a
Required Actions, a required r sidual heat removal-shutdown
cooling (RHR-SDC) subsystem be inoerab . In this
case, Required Actions A.2.1 .2 o not adequately
address the concerns relating to coolant circulation and
heat removal. Pursuant to LCO 3.0.6, the RHR-SDC ACTIONS
would not be entered. Therefore, Required Action A.2 s
provided to direct declaring RHR-SDC inoperable, which
results in taking the appropriate RHR-SDC ACTIONS.

The Completion Time of immediately is consistent with the
required times for actions requiring prompt attention. The
restoration of the required distribution subsystems should
be completed as quickly as possible in order to minimize the
time the plant safety systems may be without power.

SURVEILLANCE SR 3.8.8.1
REQUIREMENTS

This Surveillance verifies that the AC and DC electrical
power distribution subsystems are functioning properly, with
the correct breaker alignment. The correct breaker
alignment ensures power is available to each required bus.
The verification of energization of the buses ensures that
the required power is readily available for motive as well
as control functions for critical system loads connected to
these buses. This may be performed by verification of
absence of low voltage alarms or by verifying a load powered
from the bus is operating. The 7 day Frequency takes into
account the redundant capability of the electrical power
distribution subsystems, as well as other indications
available in the control room that alert the operator to
subsystem malfunctions.

(continued)
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Distribution Systems -Shutdown
B 3.8.8

BASES (continued)

REFERENCES 1. FSAR, Chapter 6.

2. FSAR, Chaptera 5 .

3. 10 CFR 50.36(c)(2)(ii).
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RPV Water Level - Irradiated Fuel
B 3.9.6

B 3.9 REFUELING OPERATIONS

B 3.9.6 Reactor Pressure Vessel (RPV) Water Level - Irradiated Fuel

BASES

BACKGROUND

G .1 e -T

The movement of irradiated fuel assemblies within the RPV
requires a minimum water level of 22 ft above the top of the
RPV flange. During refueling, this maintains a sufficient
water level in the reactor vessel cavity and spent fuel
storage pool. Sufficient water is necessary to retain
iodine fission product activity in the water in the event of
a fuel handling accident (Refs. 1 and 2). Sufficient iodine
activity would be retained to limit offite doses from the
accident to(< 25% ot FR 100 1/u . as provided by the
guidance of Reference

APPLICABLE
SAFETY ANALYSES

1& o I tD0' #

a ?5 r

During movement of irradiated fuel assemblies the water
level in the RPV is an initial condition design parameter in
the analyi of afehndigcitnt in containment__,e+
VOTSCUiarted byq2tg~l-at~iy Guig 1,29(Ref. 1 ).>AmRiC~~

wa pr IvelOt ZJ t 5(Keguilaory Position- C.1.c of Ref /1
allows decontamination factor of 100 (Regulator y Po to
C.1.g o Ref. 1) to be use in the accident analysis for
iodine This relates to the assumption that 99% of he
total odine released from he pellet to cladding g of all
the d opped fuel assembly r ds is retained by the r fueling
cavi water. The fuel pel et to cladding gap is ssumed to
cont in 10% of the total f el rod iodine inventory (Ref. 1).

Analysis of the fuel handl ng accident inside con ainment is
des ribed in Reference 2. With a minimum water 1 vel of
22 t (a decontamination actor of 100 is still xpected at
a ater level as low as 2 ft) and a minimum de ay time of
24 hours prior to fuel h ndling, the analysis a d test
pr grams demonstrate th t the iodine release d to a
p stulated fuel handlin accident is adequatel captured by
t e water, and that of site doses are maintai ed within
a lowable limits (Ref. 4). While the worst c se assumptions
nclude the dropping f the irradiated fuel ssembly being
andled onto the rea or core, the possibili y exists of the

dropped assembly str king the RPV flange an releasing
fission products. erefore, the minimum epth for water
coverage to ensure cceptable radiological consequences is
specified from the RPV flange. Since the worst case event

(continued)
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INSERT FOR B.3.9.6 APPLICABLE SAFETY ANALYSIS

The 22 feet above the top of the RPV flange equates to approximately 52 feet
above the fuel seated in the vessel. The analyzed fuel drop is assumed to occur
in the reactor vessel cavity, as a drop from this location would create the
bounding amount of fuel damage. The source term for this accident is the
fission product inventory contained in the gap of the damaged rods. The
fraction of fission product inventory assumed in the gap is specified in Table 3
of RG 1.183 (Ref. 1). Analysis of the FHA is described in Reference 2. The
number of rods damaged includes rods from the dropped bundle and rods from
impacted bundles seated in the vessel. An unobstructed drop over the reactor
cavity results in the greatest amount of kinetic energy and the bounding amount
of rod damage. A bundle dropped over the spent fuel pool or onto the vessel
flange would result in reduced releases of fission gases.

A minimum water level of 23 feet above the fuel seated in the vessel allows an
overall decontamination factor of 200 for the iodine released from the damaged
rods (Appendix B of Ref. 1). With the minimum water level of 22 feet above
the RPV flange and a minimum decay time of 24 hours prior to fuel movement,
the analysis demonstrates that the resulting radiological consequences are within
the allowable limits (Ref. 1 and 3).



RPV Water Level -Irradiated Fuel
B 3.9.6

BASES

LCO A minimum water level of 22 ft above the top of the RPV
flange is required to ensure that the radiological
consequences of a postulated fuel handling accident are
within ac table limits, as provided by the guidance of
Referenc

APPLICABILITY

S.

LCO 3.9.6 is applicable when moving irradiated fuel
assemblies within the RPV. The LCO minimizes the
possibility of a fuel handling accident in containment that
is beyond the assumptions of the safety analysis. If
irradiated fuel is not present within the RPV, there can be
no significant radioactivity release as a result of a
postulated fuel handling accident. Requirements for
handling of new fuel assemblies or control rods (where water
depth to the RPV flange is not of concern) are covered by
LCO 3.9.7, `RPV Water Level -New Fuel or Control Rods."
Requirements for fuel handling accidents in the spent fuel
storage pool are covered by LCO 3.7.7, "Fuel Pool Water
Level."

.- a
ACTIONS A.1

If the water level is < 22 ft above the top of the RPV
flange, all operations involving movement of irradiated fuel
assemblies within the RPV shall be suspended immediately to
ensure that a fuel handling accident cannot occur. The
suspension of irradiated fuel movement shall not preclude
completion of movement of a component to a safe position.

SURVEILLANCE SR 3.9.6.1
REQUIREMENTS

Verification of a minimum water level of 22 ft above the top
of the RPV flange ensures that the design basis for the
postulated fuel handling accident analysis during refueling
operations is met. Water at the required level limits the

(continued)
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RPV Water Level - Irradiated Fuel
B 3.9.6

BASES

SURVEILLANCE SR 3.9.6.1 (continued)
REQUIREMENTS

consequences of damaged fuel rods, which are postulated to
result from a fuel handling accident in containment
(Ref. 2).

The Frequency of 24 hours is based on engineering judgment
and is considered adequate in view of the large volume of
water and the normal procedural controls on valve positions,
which make significant unplanned level changes unlikely.

REFERENCES 1. Regulatory Guide
ZoOO

2. FSAR, Section 15.7.4.

t UE-n~,Sction7~ a,

10 CFR X 0 ( ,P7 d,

10 CFR 50.36(c)(2)(ii).
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RPV Water Level - New Fuel or Control Rods
B 3.9.7

B 3.9 REFUELING OPERATIONS

B 3.9.7 Reactor Pressure Vessel (RPV) Water Level - New Fuel or Control Rods

BASES

BACKGROUND The movement of new fuel assemblies or handling of control
rods within the RPV when fuel assemblies seated within the
reactor vessel are irradiated requires a minimum water level

(13  0 ft above the top of irradiated fuel assemblies seated
within the RPV. During refueling, this maintains a
sufficient water level above the irradiated fuel.
Sufficient water is necessary to retain iodine fission
product activity in the water in the event of a fuel
handling accident (Refs. 1 and 2). Sufficient iodine

C N r a i ould etained to limit off ite doses from the
accident to (-5% of 1t FR 0 li , as provided by the
guidance of Referenc

APPLICABLE During movement of new fuel assemblies or handling of
SAFETY ANALYSES control rods over irradiated fuel assemblies, the water

level in the RPV is an initial condition design parameter in
RG1.183(Ref. 1). the analysis oka fuel handling accident in co nt
A minimum water level of stulated byR ory u ide . e. 1). A mini
23 feet above the fuel seated twaer vel of 23 ft (Regulato y Position C.1.c of f. 1) \
intheRPVallowsanoverall allow a decontamination fact of 100 (Regulatory

decntainaionfacor DF) Posit on C.1.g. of Ref. 1) t be used in the acci ntdecontaminationafactor (DF) alsis for iodine. This r lates to the assump on that
of 200fortheiodine 99% f the total iodine rel ased from the pelle to cladding
releasedfromthedamaged ga of all the dropped fue assembly rods is r ained by the
rods. ThisDFisusedinthe re ueling cavity water. he fuel pellet to c adding gap is
Fuel Handling Accident a sumed to contain 10% o the total fuel rod iodine
(FHA) analysis (Ref. 2). iventory (Ref. 1).
The source term for this naly s I ue Ian iIng d Mi ent ins i a e
accidentis the fission descri ed in Reference 2. Wth a minimum water level f
product inventory contained 22 ft (a decontamination fa tor of 100 is still expe ed at
in the gap of the damaged a wa er level as low as 22 t) and a minimum decay me of
rods. The fractionof fission 24 h urs prior to fuel han ling, the analysis and t st
productinventoryassumed pro rams demonstrate that the iodine release due t a
to beinthe gapisspecified pos ulated fuel handling accident is adequately c ptured by
inTbe3of.glt thq water, and that off ~ e dosear ra n arln /ithin _
mnTable3 of Regatory al owable limits (Ref. ). he related assumptions include

Guide 1.183 (Ref. 1). the worst case dropping of an irradiated fuel assembly onto
the reactor core loaded with irradiated fuel assemblies.

I

With a minimum water level of 23 feet above the fuel seated d a
minimum decay time of 24 hours prior to fuel handling, the analysis demonstrates that
the resulting radiological conse uences are within the allowable liitjRef. 1 and 3).

Columbia Gen n Revi



RPV Water Level -New Fuel or Control Rods
B 3.9.7

BASES

APPLICABLE RPV water level satisfies Criterion 2 of Referenc a'i
SAFETY ANALYSES UT

(continued) T,,

LCO A minimum water level Of(W ft above the top of irradiated
fuel assemblies seated within the RPV is required to ensure
that the radiological consequences of a postulated fuel
handling accident are within ceptable limits, as provided
by the guidance of Refere I

APPLICABILITY LCO 3.9.7 is applicable when moving new fuel assemblies or
handling control rods (i.e., movement with other than the
normal control rod drive) over irradiated fuel assemblies
seated within the RPV. The LCO minimizes the possibility of
a fuel handling accident in containment that is beyond the
assumptions of the safety analysis. If irradiated fuel is
not present within the RPV, there can be no significant
radioactivity release as a result of a postulated fuel
handling accident. Requirements for fuel handling accidents
in the spent fuel storage pool are covered by LCO 3.7.7,
"Fuel Pool Water Level." Requirements for handling
irradiated fuel over the RPV are covered by LCO 3.9.6,
"Reactor Pressure Vessel (RPV) Water Level - Irradiated
Fuel."

ACTIONS A.1

If the water level is 4 /ft above the top of irradiated
fuel assemblies seated Wrthin the RPV, all operations
involving movement of new fuel assemblies and handling of
control rods within the RPV shall be suspended immediately
to ensure that a fuel handling accident cannot occur. The
suspension of fuel movement and control rod handling shall
-not preclude completion of movement of a component to a safe
position.

SURVEILLANCE SR 3.9.7.1
REQUIREMENTS

Verification of a minimum water level of / t above the top
of the irradiated fuel assemblies seated thin the RPV
ensures that the design basis for the postulated fuel
handling accident analysis during refueling operations is

(continued)
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RPV Water Level -New Fuel or Control Rods
B 3.9.7

BASES

SURVEILLANCE SR 3.9.7.1 (continued)
REQUIREMENTS

met. Water at the required level limits the consequences of
damaged fuel rods, which are postulated to result from a
fuel handling accident in containment (Ref. 2).

The Frequency of 24 hours is based on engineering judgment
and is considered adequate in view of the large volume of
water and the normal procedural controls on valve positions,
which make significant unplanned level changes unlikely.

REFERENCES 1.

2. FSAR, Section 15.7.4.

10 CFR 50.36(c)(2)(ii).
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B 3.9 REFUELING OPERATIONS t

B 3.9.10 Decay Time

BASES

Decay Time
B 3.9.10

BACKGROUND The postulated fuel handling accident involves the drop of a
fuel assembly on top of the reactor core during refueling
operations (Ref. 1). The drop over the reactor core is more
limiting than the drop over the spent fuel pool since the
kinetic energy for the drop over the reactor core area
(greater than 23 feet) produces a larger number of damaged
fuel pins on impact than the shorter drops that could occur
over the fuel pool. The fuel handling accident is analyzed
using Alternative Source Term methodology governed by 10 CFR
50.67 (Ref. 2) and the guidelines of Regulatory Guide 1.183
(Ref. 3).

The fuel handling accident analysis assumes that the
accident occurs at least 24 hours after plant shutdown.
Specifically, a 24-hour radioactive decay time of the
fission product inventory is assumed during the interval
between shutdown and movement of assemblies in the reactor
core.

APPLICABLE The minimum requirement of 24 hours of reactor
SAFETY ANALYSES subcriticality prior to movement of irradiated fuel

assemblies in the reactor vessel ensures that sufficient
time has elapsed to allow the radioactive decay of the
short-lived fission products. This decay time is an initial
condition of the fuel handling accident analysis.

Decay time satisfies the requirements of Criterion 2 of
Reference 4.

LCO The specified decay time limit requires the reactor to be
subcritical for at least 24 hours. Implicit in this TS is
the Applicability (during movement of irradiated fuel in the
reactor vessel). This ensures that sufficient time has
elapsed to allow the radioactive decay of the short-lived
fission products, thus reducing the fission product
inventory and reducing the effects of a fuel handling
accident.

(continued)
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BASES (continued)

Decay Time
B 3.9.10

APPLICABILITY This decay time restriction is applicable only during
movement of irradiated fuel in the reactor vessel following
reactor operation. Therefore, it effectively prohibits
movement of irradiated fuel in the reactor vessel during the
first 24 hours following reactor shutdown.

ACTIONS A.1

With the reactor subcritical less than 24 hours, all
movement of irradiated fuel in the reactor vessel must be
suspended. As stated above, movement of irradiated fuel in
the reactor vessel is prohibited during the first 24 hours
following reactor shutdown.

SURVEILLANCE SR 3.9.10.1
REQUIREMENTS

Since movement of irradiated fuel in the reactor vessel is
prohibited during the first 24 hours following reactor
shutdown, a verification of time subcritical must be made
prior to movement of irradiated fuel in the reactor vessel.
This is done by confirming the time and date of
subcriticality, and verifying that at least 24 hours have
elapsed. The Frequency of "once prior to movement of
irradiated fuel in the reactor vessel" ensures that the
operation within the design basis assumption for decay time
in the fuel handling accident analysis.

REFERENCES 1. FSAR, Section 15.7.4.

2. 10 CFR 50.67, "Accident Source Term."

3. Regulatory Guide 1.183, July 2000.

4. 10 CFR 50.36(c) (2) (ii).
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LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment 5
Page 1 of 1

Non-proprietary versions of Supporting Calculations

- 1. Energy Northwest Calculation NE-02-04-01, "Dose Calculation Database"
Revision 2, dated September 23, 2004

2; Energy Northwest Calculation NE-02-03-14, "Control Room X/Q Using
ARCON96 with the 1996-1999 Meteorological Data" Revision 0, dated June 22,
2004

.>. Energy Northwest Calculation NE-02-04-07, "Control Rod Drop Accident Offsite
and Control Room Doses" Revision 0, dated August 11, 2004

4. Energy Northwest Calculation NE-02-04-08, "Columbia Fuel Handling Accident
Offsite and Control Room Doses Using Regulatory Guide 1.183 Source Terms"
Revision 0, dated August 2, 2004

5. Energy Northwest Calculation NE-02-04-05, "Columbia Offsite and Control Room
Doses for LOCA using AST and NRC Methods" Revision 0, dated August 4,
2004

- 6. Energy Northwest Calculation NE-02-04-06, 'Main Steamline Break Accident
Off-site and Control Room Doses" Revision 1, dated September 30, 2004

V 7. Energy Northwest Calculation NE-02-03-16, "Calculation of the EAB and LPZ
X/Q values using PAVAN with the 1996 - 1999 Meteorological Data" Revision 0,
dated May 30, 2004

'8. Energy Northwest Calculation NE-02-03-15, "POST-LOCA SUPPRESSION
POOL pH" Revision 0, dated August 3, 2004

7 9. Energy Northwest Calculation NE-02-01-05, "Secondary Containment
Drawdown" Revision 1, dated September 30, 2004

10. CD-ROM* containing 1) 51-5029820-02, Columbia Generating Station,
Meteorological Data Documents 1996-1999, 2) 32-5031898-01, Columbia
Generating Station, Meteorological Data Input Document for ARCON96, and 3)
32-5032044-01, Columbia Generating Station, Meteorological Data Input
Documents for PAVAN, CD-Rom dated October 2004

11. CD-ROM* containing 1) 51-5029820-02, Columbia Generating Station,
Meteorological Data Files 1996-1999, 2) 32-5031898-01, Columbia Generating
Station, Meteorological Data Input Files for ARCON96, and 3) 32-5032044-01,
Columbia Generating Station, Meteorological Data Input Files for PAVAN, CD-
Rom dated May 3, 2004

* CD-ROMs of electronic data files are enclosed with the Document Control Desk
copy only.



LICENSE AMENDMENT REQUEST -- ALTERNATIVE SOURCE TERM
Attachment 7
Page 1 of 1

List of Regulatory Commitments

Page 5

The updating of the FSAR to reflect these changes will be performed as part of the
implementation of the LAR

Page 42

New procedural guidance is required to address reliance on SLC for pH control. The
appropriate procedural guidance will be established during the implementation of the
LAR. (See section 4.8.1 for additional information on the SLC system and the
justification for the use of SLC in this application.)

Page 48

To preclude this undesirable operator action, the appropriate plant procedure(s) will be
revised to prohibit the securing of a CREF train within the first 10 hours of the design
basis LOCA.

Page 71

New procedural guidance is required to address reliance on SLC for pH control. The
appropriate procedural guidance will be established during the implementation of the
LAR. (See section 4.8.1 for additional information on the SLC system and the
justification for the use of SLC in this application.)

Page 72

The TSGs will be revised to require manual initiation of the SLC system, at a level of
14,000 R/hr, and to continue injection until the SLC tank low level alarm is received.

Page 72

In addition, Technical Support Center (TSC) Operations Managers will receive training
on the TSG revisions as part of the implementation of the approved AST changes.

Page 73

In addition, the changes to the TSGs for high containment radiation will instruct the
operators to inject until low tank signal is received.


