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APPENDIX F.  SEVERE ACCIDENT MITIGATION
ALTERNATIVES ANALYSIS

Appendix F contains the following sections:

F.1 – Melcor Accident Consequences Code System Modeling

F.2 – Evaluation of Candidate SAMAs

F.3 – Acronyms Used in Appendix F
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F.1 MELCOR ACCIDENT CONSEQUENCES CODE SYSTEM
MODELING

F.1.1 INTRODUCTION

The following sections describe the assumptions made and the results of modeling
performed to assess the risks and consequences of severe accidents (U.S. Nuclear
Regulatory Commission Class 9) at Turkey Point Units 3 & 4.

The severe accident consequence analysis was carried out with the Melcor
Accident Consequences Code System (MACCS2) code (Ref. F.1-1).  MACCS2
simulates the impact of severe accidents at nuclear power plants on the
surrounding environment.  The principal phenomena considered in MACCS2 are
atmospheric transport, mitigative actions based on dose projection, dose
accumulation by a number of pathways including food and water ingestion, early
and latent health effects, and economic costs.

F.1.2 INPUT

The input data required by MACCS2 are outlined below.

F.1.2.1 CORE INVENTORY

The core inventory (Table F.1-1) is for an uprated power level of 2300 megawatts-
thermal.  These values were obtained by adjusting the end-of-cycle values for a
3,412 megawatts-thermal pressurized water reactor by a linear scaling factor of
0.6741 (Ref. F.1-1).

F.1.2.2 SOURCE TERMS

The source term input data to MACCS2 were the severe accident source terms
presented in the probabilistic risk assessment in the Turkey Point Units 3 & 4
Individual Plant Examination (Ref. F.1-2).  This document defines the releases in
terms of release modes and demonstrates the method of calculating releases.
There are 47 release modes: 20 with early Containment failure, 25 with late
Containment failure, and 2 with Containment bypass as the failure mode.
Table F.1-2 lists the input release fractions for each MACCS2 nuclide group
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TABLE F.1-1
CORE INVENTORYa

Nuclide
Core Inventory
(becquerels) Nuclide

Core Inventory
(becquerels)

Cobalt-58 2.17 × 1016 Tellurium-131M 3.15 × 1017

Cobalt-60 1.66 × 1016 Tellurium-132 3.14 × 1018

Krypton-85 1.67 × 1016 Iodine-131 2.16 × 1018

Krypton-85M 7.81 × 1017 Iodine-132 3.19 × 1018

Krypton-87 1.43 × 1018 Iodine-133 4.57 × 1018

Krypton-88 1.93 × 1018 Iodine-134 5.02 × 1018

Rubidium-86 1.27 × 1015 Iodine-135 4.31 × 1018

Strontium-89 2.42 × 1018 Xenon-133 4.57 × 1018

Strontium-90 1.31 × 1017 Xenon-135 8.58 × 1017

Strontium-91 3.11 × 1018 Cesium-134 2.91 × 1017

Strontium-92 3.24 × 1018 Cesium-136 8.87 × 1016

Yttrium-90 1.40 × 1017 Cesium-137 1.63 × 1017

Yttrium-91 2.95 × 1018 Barium-139 4.23 × 1018

Yttrium-92 3.25 × 1018 Barium-140 4.19 × 1018

Yttrium-93 3.68 × 1018 Lanthanum-140 4.28 × 1018

Zirconium-95 3.73 × 1018 Lanthanum-141 3.93 × 1018

Zirconium-97 3.88 × 1018 Lanthanum-142 3.79 × 1018

Niobium-95 3.52 × 1018 Cerium-141 3.81 × 1018

Molybdenum-99 4.11 × 1018 Cerium-143 3.70 × 1018

Technetium-99M 3.55 × 1018 Cerium-144 2.30 × 1018

Ruthenium-103 3.06 × 1018 Praseodymium-143 3.64 × 1018

Ruthenium-105 1.99 × 1018 Neodymium-147 1.63 × 1018

Ruthenium-106 6.96 × 1017 Neptunium-239 4.36 × 1019

Rhodium-105 1.38 × 1018 Plutonium-238 2.47 × 1015

Antimony-127 1.88 × 1017 Plutonium-239 5.57 × 1014

Antimony-129 6.65 × 1017 Plutonium-240 7.02 × 1014

Tellurium-127 1.81 × 1017 Plutonium-241 1.18 × 1017

Tellurium-127M 2.40 × 1016 Americium-241 7.81 × 1013

Tellurium-129 6.25 × 1017 Curium-242 2.99 × 1016

Tellurium-129M 1.65 × 1017 Curium-244 1.75 × 1015

                                     
a. Ref. F.1-1.
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TABLE F.1-2
RELEASE FRACTION BY NUCLIDE GROUPa

Release
Modeb

Xenon/
Krypton Iodine Cesium Tellurium Strontium

Base Case
Frequency per
Reactor Year

A1 9.50 × 10-1 2.58 × 10-5 2.57 × 10-5 0 0 2.49 × 10-7

A2 9.50 × 10-1 7.80 × 10-2 7.80 × 10-2 0 0 1.18 × 10-7

B1 9.50 × 10-1 8.87 × 10-4 4.88 × 10-4 0 0 8.45 × 10-7

B2-L 9.50 × 10-1 9.24 × 10-2 9.20 × 10-2 0 0 1.48 × 10-7

B2-R 9.50 × 10-1 1.96 × 10-1 2.30 × 10-1 0 0 1.47 × 10-7

B3-L 9.50 × 10-1 8.87 × 10-4 4.88 × 10-4 0 0 2.90 × 10-7

B3-R 9.50 × 10-1 2.22 × 10-3 1.22 × 10-3 0 0 2.90 × 10-7

B4-L 9.50 × 10-1 9.24 × 10-2 9.20 × 10-2 0 0 1.01 × 10-7

B4-R 9.50 × 10-1 2.31 × 10-1 2.30 × 10-1 0 0 1.01 × 10-7

B5-L 9.50 × 10-1 1.33 × 10-3 9.36 × 10-4 0 8.71 × 10-8 1.44 × 10-10

B5-R 9.50 × 10-1 3.34 × 10-3 2.34 × 10-3 0 4.36 × 10-7 1.44 × 10-10

B6-L 9.50 × 10-1 6.45 × 10-2 6.40 × 10-2 0 2.64 × 10-4 6.57 × 10-11

B6-R 9.50 × 10-1 1.61 × 10-1 9.12 × 10-2 0 1.32 × 10-3 6.56 × 10-11

BP-V 1.00 7.84 × 10-1 7.84 × 10-1 9.22 × 10-4 1.46 × 10-2 6.24 × 10-8

BP-SGTR 2.87 × 10-1 1.20 × 10-2 1.20 × 10-2 0 1.86 × 10-5 1.71 × 10-8

C1-L 9.50 × 10-1 8.87 × 10-4 4.88 × 10-4 1.58 × 10-6 6.60 × 10-8 1.06 × 10-6

C1-R 9.50 × 10-1 2.22 × 10-3 1.22 × 10-3 3.96 × 10-6 3.30 × 10-7 1.06 × 10-6

C2-L 9.50 × 10-1 9.24 × 10-2 9.20 × 10-2 1.58 × 10-3 6.60 × 10-5 7.02 × 10-7

C2-R 9.50 × 10-1 2.31 × 10-1 2.30 × 10-1 3.96 × 10-3 3.30 × 10-4 5.96 × 10-7

C3-L 9.50 × 10-1 8.87 × 10-4 4.88 × 10-4 1.58 × 10-6 6.60 × 10-8 1.07 × 10-6

C3-R 9.50 × 10-1 2.22 × 10-3 1.22 × 10-3 3.96 × 10-6 3.30 × 10-7 1.07 × 10-6

C4-L 9.50 × 10-1 9.24 × 10-2 9.20 × 10-2 1.58 × 10-3 6.60 × 10-5 6.46 × 10-7

C4-R 9.50 × 10-1 2.31 × 10-1 2.30 × 10-1 3.96 × 10-3 3.30 × 10-4 5.59 × 10-7

C5-L 9.50 × 10-1 1.33 × 10-3 9.36 × 10-4 1.58 × 10-6 1.53 × 10-7 2.02 × 10-10

C5-R 9.50 × 10-1 3.34 × 10-3 2.34 × 10-3 3.96 × 10-6 7.66 × 10-7 2.02 × 10-10

C6-L 9.50 × 10-1 6.45 × 10-2 6.40 × 10-2 1.58 × 10-3 3.30 × 10-4 1.30 × 10-10

C6-R 9.50 × 10-1 1.61 × 10-1 1.60 × 10-1 3.96 × 10-3 1.65 × 10-3 1.01 × 10-10

D1-L 1.00 5.15 × 10-3 4.75 × 10-3 0 0 0

D1-R 1.00 1.29 × 10-2 1.19 × 10-2 0 0 3.25 × 10-10
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TABLE F.1-2 (Cont’d)
RELEASE FRACTION BY NUCLIDE GROUPa

Release
Modeb

Xenon/
Krypton Iodine Cesium Tellurium Strontium

Base Case Frequency
per Reactor Year

D2-L 1.00 1.44 × 10-1 1.44 × 10-1 0 0 0

D2-R 1.00 3.61 × 10-1 3.60 × 10-1 0 0 1.74 × 10-10

D3-L 1.00 2.12 × 10-2 2.07 × 10-2 7.44 × 10-2 6.35 × 10-3 0

D3-R 1.00 5.29 × 10-2 5.18 × 10-2 1.86 × 10-1 3.18 × 10-2 3.32 × 10-12

D4-L 1.00 8.85 × 10-2 8.80 × 10-2 7.44 × 10-2 6.89 × 10-3 0

D4-R 1.00 2.21 × 10-1 2.20 × 10-1 1.86 × 10-1 3.44 × 10-2 1.55 × 10-12

E1-L 1.00 5.15 × 10-3 4.75 × 10-3 1.58 × 10-3 3.30 × 10-5 0

E1-R 1.00 1.29 × 10-2 1.19 × 10-2 3.96 × 10-3 1.65 × 10-4 6.36 × 10-9

E2-L 1.00 1.44 × 10-1 1.44 × 10-1 4.80 × 10-2 1.00 × 10-3 0

E2-R 1.00 3.61 × 10-1 3.60 × 10-1 1.20 × 10-1 5.00 × 10-3 3.13 × 10-10

E3-L 1.00 5.15 × 10-3 4.75 × 10-3 1.58 × 10-3 3.30 × 10-5 0

E3-R 1.00 1.29 × 10-2 1.19 × 10-2 3.96 × 10-3 1.65 × 10-4 4.73 × 10-9

E4-L 1.00 1.44 × 10-1 1.44 × 10-1 4.80 × 10-2 1.00 × 10-3 0

E4-R 1.00 3.61 × 10-1 3.60 × 10-1 1.20 × 10-1 5.00 × 10-3 2.35 × 10-10

E5-L 1.00 2.12 × 10-2 2.07 × 10-2 7.56 × 10-2 6.38 × 10-3 0

E5-R 1.00 5.29 × 10-2 5.18 × 10-2 1.89 × 10-1 3.19 × 10-2 2.68 × 10-11

E6-L 1.00 8.85 × 10-2 8.80 × 10-2 1.11 × 10-1 7.66 × 10-3 0

E6-R 1.00 2.21 × 10-1 2.20 × 10-1 2.78 × 10-1 3.83 × 10-2 4.79 × 10-13

                                           
a. Ref. F.1-2.
b. Release Modes notation:

A, B, C are late releases
BP-V and BP-SGTR are bypass release modes
D, E are early releases
-R is a containment rupture
-L is a containment leak
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together with the source category frequencies as calculated in the probabilistic risk
assessment.  For all modes the RU, LA, CE, and BA fractions of the usual MACCS2
species are set to zero, as they were not reported in the Individual Plant
Examination (IPE) submittal.  The assignment of the radionuclides in Table F.1-1 to
these nuclide groups is the same as that given in the standard MACCS2 input.
Where other related source term data were not reported, such as release durations
and energies, these were evaluated by comparison with similar releases reported in
the NUREG-1150 studies for the Surry plant (Ref. F.1-3).  For the purpose of
comparing the sensitivity case runs, the Base Case annual frequencies are included
for each release mode in the last column of the table.

The IPE-reported release fractions for late releases appear to be rather high, with
little credit having been taken for in-containment mitigation mechanisms, such as
fallout and deposition, between release from the primary system and Containment
failure.  To gauge the effect of these, a sensitivity case was run with reduced
source terms for two of the large contributors (C2-R and C4-R).  In the original
source term estimation, done in a “SURSOR”-like manner (Ref. F.1-3), the factor
FCONV (Ref. F.1-2) that was used to estimate this mechanism was set at 0.3.
There is good reason to say that this could have been set as low as 0.03.  In the
Source Term sensitivity case the Iodine and Cesium release fractions were adjusted
by using a value of 0.1 instead of 0.3 for these two release modes.  The effects of
this are discussed in Section F.1.3, Results.

The amount (becquerels) of each radionuclide released to the atmosphere for each
accident sequence or release category is obtained by multiplying the (adjusted) core
inventory at the time of the hypothetical accident (Table F.1-1) by the release
fractions (Table F.1-2).

The offsite consequences are summed for all the release modes weighted by the
annual frequency, to obtain the total annual accident risk for the base case and for
each of the severe accident mitigation alternative (SAMA) concepts evaluated.
This summation calculation is performed outside of the MACCS2 code as part of
the SAMA cost-benefit analyses.  Selected results are presented in Section F.1.3 to
show the effects of the various sensitivity cases.

F.1.2.3 METEOROLOGICAL DATA

The MACCS2 input uses a full year of consecutive hourly values of wind speed,
wind direction, stability class, and precipitation.  This file describes one year's
worth of hourly meteorological data for the plant as recorded at the site
meteorological tower.  The data for this file are extracted into MACCS2 format
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from hourly data recorded by Florida Power & Light (FPL) as the "TURKEY POINT
METEOROLOGICAL DATA: SOUTH DADE SITE" for the calendar year 1998.  The
seasonal mixing heights for this area of Florida were taken from maps of mixing
heights for the United States.

MACCS2 calculations examine a representative subset of the 8,760 hourly
observations contained in one year’s data set (typically about 150 sequences).  The
representative subset is selected by sampling the weather sequences after sorting
them into weather bins defined by wind speed, atmospheric stability, and rain
conditions at various distances from the site.

F.1.2.4 POPULATION DISTRIBUTION

The predicted permanent resident population around the site for the year 2025 was
distributed by location in a grid consisting of sixteen directional sectors, the first of
which is centered on due north, the second on 22.5 degrees east of north, and so
on.  A summary of the population distribution is shown in Table F.1-3.  The
direction sectors are divided into 12 radial intervals extending out to 50 miles.  The
habitable land fraction for each grid element was calculated from land fraction data
within a 50-mile radius of the plant.

The computer program SECPOP90 (Ref. F.1-4) was used to process block-level
1990 census data  (Ref. F.1-5), as extracted in part to SECPOP90 data files, for
preparing population estimates for the region surrounding the plant.  The
SECPOP90 census data file contains a record for the location (geometric centroid
coordinates) and the population of each census block (6,660,337 records) in the
continental U.S.  If the centroid point meets the distance criteria, it is then
processed to determine the exact grid element in which it lies based on its radial
distance and direction from the site.  The population associated with that data
point is then added to the population of that grid section.  This process produces
the raw 1990 population estimate for each rosette section.

The county-wide 1998 population estimates (Ref. F.1-6) were then utilized to
update the 1990 estimates to 1998.  For each rosette section, the fraction of its
area in each county was estimated.  These fractions were then used to calculate a
county-area weighted population growth factor (1998 county population divided by
1990 county population) for the section.  The 1990 section population was then
multiplied by this growth factor to produce the 1998 population estimate for that
section.
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TABLE F.1-3
REGIONAL POPULATION DISTRIBUTION YEAR 2025

Sector
0 to 5
miles

5 to 10
miles

10 to 20
miles

20 to 30
miles

30 to 40
miles

40 to 50
miles Totals

N 0 15,729 299,872 614,457 492,282 532,278 1,954,618

NNE 0 0 14,556 637,929 526,163 312,584 1,491,232

NE 0 0 0 0 0 0 0

ENE 0 0 0 0 0 0 0

E 0 9 0 0 0 0 9

ESE 0 10 0 0 0 0 10

SE 0 0 0 0 0 0 0

SSE 0 1,887 0 0 0 0 1,887

S 0 0 2,705 176 0 0 2,881

SSW 4 0 382 14,974 10,373 2,420 28,153

SW 0 0 0 0 0 18 18

WSW 0 85 0 4,866 87 291 5,329

W 0 8,955 6,011 0 0 0 14,966

WNW 6 53,789 20,179 574 0 30 74,578

NW 0 38,002 12,268 3 141 26 50,440

NNW 39 22,392 229,262 76,199 352 332 328,576
TOTALS 49 140,858 585,235 1,349,178 1,029,398 847,979 3,952,697
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The state-wide 1995-2025 Bureau of the Census data (Ref. F.1-7), were then used
to project the future rosette section populations to the year 2025.  A statewide
growth factor is calculated by dividing the state population projection for that year
by the 1998 state population estimate.  The section population projection for this
step year is then calculated by multiplying the 1998 section population by the state
growth factor.  In fact it may be noted that most of the population is in Miami-
Dade County in a northerly direction, along with two sectors (40-50 miles N and
NNE) in Broward County.  More than 95 percent of the projected year 2025
population is in the three most northerly direction sectors (NNW, N, NNE) with
more than 80 percent of the population more than 20 miles from the plant.  The
permanent population projected within a 5-mile radius of the plant is 39 persons.
Examination of the population data file shows many sectors with zero or very small
populations.

Year 2025 population projections were used for the MACCS2 analyses, as these
are the endmost data produced by the Bureau of the Census and because it is
approximately the midterm year of the proposed license extension period.

F.1.2.5 EMERGENCY RESPONSE

As have other U.S. utilities that operate nuclear reactors, FPL has developed a plan
for the evacuation of the population within the plume exposure emergency planning
zone.  This zone is approximately a 10-mile radius centered on the plant site.  The
average evacuation speed is estimated by the station emergency planning staff to
be on the order of 35 miles per hour (15.6 meters per second), with evacuation
starting at the time of warning.  This is a high value compared to other plants.  The
plant staff base this on the wide streets in the evacuation area and their estimation
of the population reaction.  For the purposes of this analysis an average evacuation
speed of 12 meters per second is used, with a delay time of 5,130 seconds in the
evacuation start time.

For this analysis it was conservatively assumed that people beyond 10 miles would
continue their normal activities unless the following predicted radiation dose levels
are exceeded.  At locations for which 50 rem whole-body effective dose equivalent
in 1 week is predicted, it was assumed that relocation would take place after half a
day.  If 25 rem whole-body dose equivalent in 1 week is predicted, relocation of
individuals in those sectors was assumed to take place after 1 day.

A sensitivity analysis was performed where it was assumed that only 95 percent of
the people within the emergency planning zone would participate in the evacuation.
The remaining 5 percent were assumed to be unable or unwilling to evacuate and
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were assumed to go about their normal activities.  It was further assumed in this
sensitivity analysis that the evacuation speed was 1.0 meters per second and that
the evacuation delay time was 7,200 seconds.  The results were not significantly
different on the whole from the complete evacuation case.  While the population
doses increased and the evacuation costs decreased, the overall population
exposure and accident mitigation costs are governed mainly by the long-term
effects over the whole 50-mile zone, and so the net changes were small, under one
percent, which is not considered significant.

The long-term phase is assumed to begin after 1 week and extend for 5 years.
Long-term relocation is assumed to be triggered by a 4 rem whole-body effective
dose equivalent.  Long-term protective measures were assumed to be based on
generic protective action guideline levels for actions such as decontamination,
temporary relocation, contaminated crops and milk condemnation, and farmland
production prohibition.

F.1.2.6 ECONOMIC DATA

Land use statistics, including farmland values, farm product values, dairy
production, and growing season information were provided on a county-wide basis
within 50 miles.

Much of the data are prepared by the computer program SECPOP90 (Ref. F.1-4).  It
contains a database extracted from Bureau of the Census PL 94-171 (block level
census) CD-ROMS (Ref. F.1-5), the 1992 Census of Agriculture CD ROM Series
1B, the 1994 US Census County and City Data Book CD-ROM, the 1993 and 1994
Statistical Abstract of the United States, and other minor sources.  The reference
contains details on how the database was created and checked.  The SECPOP90
regional economic values, and related miscellaneous unit costs as given in the
NUREG-1150 studies (Ref. F.1-8), were updated to 1997 using the Consumer Price
Index (Ref. F.1-9) and other data from the Bureau of the Census.   Farmland data
were taken mainly from Department of Agriculture data for Florida (Ref. F.1-10).

Economic consequences were estimated by summing the following costs:

•  Costs of evacuation,

•  Costs for temporary relocation (food, lodging, lost income),

•  Costs of decontaminating land and buildings,
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•  Lost return-on-investments from properties that are temporarily interdicted to
allow contamination to be decreased by decay of nuclides,

•  Costs of repairing temporarily interdicted property,

•  Value of crops destroyed or not grown because they were contaminated by
direct deposition or would be contaminated by root uptake, and

•  Value of farmland and of individual, public, and non-farm commercial
property that is condemned.

Costs associated with damage to the reactor, the purchase of replacement power,
medical care, life-shortening, and litigation are not calculated by MACCS2.

F.1.3 RESULTS

Based on the preceding input data, MACCS2 was used to estimate the following:

•  The downwind transport, dispersion, and deposition of the radioactive
materials released to the atmosphere from the failed reactor Containment.

•  The short- and long-term radiation doses received by exposed populations via
direct (cloudshine, plume inhalation, groundshine, and resuspension
inhalation) and indirect (ingestion) pathways.

•  The mitigation of those doses by protective actions (evacuation, sheltering,
and post-accident relocation of people; disposal of milk, meat, and crops;
and decontamination, temporary interdiction, or condemnation of land and
buildings).

•  The early fatalities and injuries expected to occur within 1 year of the
accident (early health effects) and the delayed (latent) cancer fatalities and
injuries expected to occur over the lifetime of the exposed individuals.

•  The offsite costs of short-term emergency response actions (evacuation,
sheltering, and relocation), of crop and milk disposal, and of the
decontamination, temporary interdiction, or condemnation of land and
buildings.
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The consequences calculated with the MACCS2 model in terms of the population
dose and offsite economic costs for the SAMA Base Case and the two evacuation
model sensitivity cases (95 percent Evacuation and Reduced Source Term) are
shown in Table F.1-4.  It is observed that the evacuation parameters have little
effect on the overall results because of the small population in the evacuation zone
compared to the much larger population elsewhere in the 50-mile radius.
Significant reductions in offsite risk are observed for the reduced source term case,
as would be expected.

A common way in which this combination of factors is used to estimate risk is to
multiply the frequencies by the consequences.  The resultant risk is then expressed
as the number, or magnitude, of consequences expected per unit time.  Table F.1-5
shows average values of risk.  These average values were obtained by summing
the frequency multiplied by the consequences over the entire range of distributions.
Because the probabilities are on a per-reactor-year basis, the averages shown are
also on a per-reactor-year basis.  A twenty-year value is obtained by using a
discount factor of 7 percent per annum and a $2000 per rem dose equivalence
factor.

It is observed that the results are (1) insensitive to evacuation parameters, and
(2) conservative in that the base case values are based on source term estimates
that are, in themselves, conservative (i.e., high).
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TABLE F.1-4
SUMMARY OF OFFSITE CONSEQUENCE RESULTS FOR EACH

RELEASE MODE

Population Dose, Sieverts Offsite Economic Costs, $

Release
Modea Base Case

95 Percent
Evacuation @
1 meter per

second
Reduced Source
Term C2R/C4R Base Case

95 Percent
Evacuation @ 1

meter per
second

Reduced Source
Term C2R/C4R

A1 5.46 × 101 5.49 × 101 5.46 × 101 1.18 × 107 1.19 × 104 1.18 × 107

A2 2.48 × 104 2.48 × 104 2.48 × 104 4.48 × 109 4.47 × 109 4.48 × 109

B1 8.46 × 102 8.47 × 102 8.46 × 102 1.49 × 107 3.06 × 106 1.49 × 107

B2-L 2.64 × 104 2.65 × 104 2.64 × 104 5.11 × 109 5.10 × 109 5.11 × 109

B2-R 3.73 × 104 3.74 × 104 3.73 × 104 9.37 × 109 9.36 × 109 9.37 × 109

B3-L 8.46 × 102 8.47 × 102 8.46 × 102 1.49 × 107 3.06 × 106 1.49 × 107

B3-R 1.92 × 103 1.92 × 103 1.92 × 103 5.12 × 107 3.93 × 107 5.12 × 107

B4-L 2.64 × 104 2.65 × 104 2.64 × 104 5.11 × 109 5.10 × 109 5.11 × 109

B4-R 3.78 × 104 3.78 × 104 3.78 × 104 9.38 × 109 9.37 × 109 9.38 × 109

B5-L 1.54 × 103 1.54 × 103 1.54 × 103 2.74 × 107 1.56 × 107 2.74 × 107

B5-R 3.28 × 103 3.28 × 103 3.28 × 103 1.23 × 108 1.12 × 108 1.23 × 108

B6-L 2.29 × 104 2.29 × 104 2.29 × 104 3.84 × 109 3.83 × 109 3.84 × 109

B6-R 2.74 × 104 2.74 × 104 2.74 × 104 5.10 × 109 5.09 × 109 5.10 × 109

BP-V 4.46 × 104 4.86 × 104 4.46 × 104 1.27 × 1010 1.27 × 1010 1.27 × 1010

BY-SGTR 8.07 × 103 8.08 × 103 8.07 × 103 7.99 × 108 7.93 × 108 7.99 × 108

C1-L 8.46 × 102 8.47 × 102 8.46 × 102 1.49 × 107 3.06 × 106 1.49 × 107

C1-R 1.92 × 103 1.92 × 103 1.92 × 103 5.12 × 107 3.93 × 107 5.12 × 107

C2-L 2.65 × 104 2.65 × 104 2.65 × 104 5.11 × 109 5.10 × 109 5.11 × 109

C2-R 3.79 × 104 3.80 × 104 2.48 × 104 9.38 × 109 9.37 × 109 4.37 × 109

C3-L 8.46 × 102 8.47 × 102 8.46 × 102 1.49 × 107 3.06 × 106 1.49 × 107

C3-R 1.92 × 103 1.92 × 103 1.92 × 103 5.12 × 107 3.93 × 107 5.12 × 107

C4-L 2.65 × 104 2.65 × 104 2.65 × 104 5.11 × 109 5.10 × 109 5.11 × 109

C4-R 3.79 × 104 3.80 × 104 2.48 × 104 9.38 × 109 9.37 × 109 4.37 × 109

C5-L 1.54 × 103 1.54 × 103 1.54 × 103 2.74 × 107 1.56 × 107 2.74 × 107

C5-R 3.28 × 103 3.28 × 103 3.28 × 103 1.23 × 108 1.12 × 108 1.23 × 108

C6-L 2.29 × 104 2.30 × 104 2.29 × 104 3.84 × 109 3.83 × 109 3.84 × 109

C6-R 3.27 × 104 3.27 × 104 3.27 × 104 7.56 × 109 7.55 × 109 7.56 × 109

D1-L 5.63 × 103 5.64 × 103 5.63 × 103 3.18 × 108 3.07 × 108 3.18 × 108

D1-R 8.20 × 103 8.83 × 103 8.20 × 103 8.01 × 108 7.95 × 108 8.01 × 108

D2-L 3.04 × 104 3.07 × 104 3.04 × 104 6.98 × 109 6.97 × 109 6.98 × 109

D2-R 2.87 × 104 3.92 × 104 2.87 × 104 8.78 × 109 8.77 × 109 8.78 × 109

D3-L 1.63 × 104 1.64 × 104 1.63 × 104 1.77 × 109 1.76 × 109 1.77 × 109

D3-R 1.89 × 104 2.28 × 104 1.89 × 104 3.41 × 109 3.41 × 109 3.41 × 109
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TABLE F.1-4 (Cont’d)
SUMMARY OF OFFSITE CONSEQUENCE RESULTS FOR EACH

RELEASE MODE

Population Dose, Sieverts Offsite Economic Costs, $

Release
Modea Base Case

95 percent
Evacuation @
1 meter per

second
Reduced Source
Term C2R/C4R Base Case

95 Percent
Evacuation @ 1

meter per second
Reduced Source
Term C2R/C4R

D4-L 2.73 × 104 2.76 × 104 2.73 × 104 5.23 × 109 5.22 × 109 5.23 × 109

D4-R 2.69 × 104 3.56 × 104 2.69 × 104 7.14 × 109 7.14 × 109 7.14 × 109

E1-L 5.70 × 103 5.72 × 103 5.70 × 103 3.18 × 108 3.07 × 108 3.18 × 108

E1-R 8.38 × 103 9.05 × 103 8.38 × 103 8.02 × 108 7.95 × 108 8.02 × 108

E2-L 3.20 × 104 3.23 × 104 3.20 × 104 6.98 × 109 6.97 × 109 6.98 × 109

E2-R 3.05 × 104 4.22 × 104 3.05 × 104 8.78 × 109 8.78 × 109 8.78 × 109

E3-L 5.70 × 103 5.72 × 103 5.70 × 103 3.18 × 108 3.07 × 108 3.18 × 108

E3-R 8.38 × 103 9.05 × 103 8.38 × 103 8.02 × 108 7.95 × 108 8.02 × 108

E4-L 3.20 × 104 3.23 × 104 3.20 × 104 6.98 × 109 6.97 × 109 6.98 × 109

E4-R 3.05 × 104 4.22 × 104 3.05 × 104 8.78 × 109 8.78 × 109 8.78 × 109

E5-L 1.63 × 104 1.64 × 104 1.63 × 104 1.77 × 109 1.76 × 109 1.77 × 109

E5-R 1.89 × 104 2.29 × 104 1.89 × 104 3.41 × 109 3.41 × 109 3.41 × 109

E6-L 2.83 × 104 2.86 × 104 2.83 × 104 5.26 × 109 5.25 × 109 5.26 × 109

E6-R 2.83 × 104 3.80 × 104 2.83 × 104 7.15 × 109 7.14 × 109 7.15 × 109

                                                
a. Release Modes notation:

A, B, C are late releases
BP-V and BP-SGTR are bypass release modes
D, E are early releases
-R is a containment rupture
-L is a containment leak
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TABLE F.1-5
SUMMED AVERAGE RISKS

Annual Offsite Risks

Base Case

95 Percent
Evacuation @

1 meter per second

Reduced
Source Term

C2R/C4R

REMs 10.8803 10.9227 9.3674

Property, $ 22,850 22,748 17,064

20-Year Offsite Risks

Dose, $ 234,207 235,120 201,641

Property, $ 245,932 244,835 183,658

Difference from 20-Year Base Case

Dose, $ 0.4 percent -13.9 percent

Property, $ -0.4 percent -25.3 percent
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F.2 EVALUATION OF CANDIDATE SAMAS

This section describes the generation of the initial list of potential Severe Accident
Mitigation Alternatives (SAMAs) for Turkey Point Units 3 & 4, the screening
methods, and the analyses of the remaining SAMAs.

F.2.1 SAMA LIST COMPILATION

FPL has generated a list of candidate SAMAs by reviewing industry documents and
considering plant-specific enhancements not considered in published industry
documents.  Industry documents FPL has reviewed include the following:

•  The Turkey Point Units 3 & 4 IPE submittal (Ref. F.2-1)

•  The Watts Bar Nuclear Plant Unit 1 Probabilistic Risk Analysis (PRA)/IPE
submittal (Ref. F.2-2)

•  The Limerick Severe Accident Mitigation Design Alternative (SAMDA) cost
estimate report (Ref. F.2-3)

•  NUREG-1437 description of Limerick SAMDA (Ref. F.2-4)

•  NUREG-1437 description of Comanche Peak SAMDA (Ref. F.2-5)

•  Watts Bar SAMDA submittal (Ref. F.2-6)

•  TVA response to U.S. Nuclear Regulatory Commission’s (NRC’s) request for
additional information (RAI) on the Watts Bar SAMDA submittal (Ref. F.2-7)

•  Westinghouse AP600 SAMDA (Ref. F.2-8)

•  Safety Assessment Consulting (SAC) presentation by Wolfgang Werner at
the NUREG-1560 conference (Ref. F.2-9)

•  NRC IPE Workshop – NUREG-1560 NRC Presentation (Ref. F.2-10)

•  NUREG-0498, supplement 1, section 7 (Ref. F.2-11)
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•  NUREG/CR-5567, “Pressurized Water Reactor (PWR) Dry Containment Issue
Characterization” (Ref. F.2-12)

•  NUREG-1560, Volume 2, NRC Perspectives on the IPE Program (Ref. F.2-13)

•  NUREG/CR-5630, “PWR Dry Containment Parametric Studies” (Ref. F.2-14)

•  NUREG/CR-5575, “Quantitative Analysis of Potential Performance
Improvements for the Dry PWR Containment”  (Ref. F.2-15)

•  CE System 80+ Submittal (Ref. F.2-16)

•  NUREG-1462, NRC Review of ABB/CE System 80+ Submittal (Ref. F.2-17)

•  An ICONE paper by C. W. Forsberg, et al., on a core-melt source reduction
system (Ref. F.2-18)

In addition, the top cutsets from the current Probabilistic Safety Assessment (PSA)
model have been reviewed to assure that faults associated with each cutset are
addressed by one or more of the potential SAMAs identified.

Although the plant is a Westinghouse design, each of the above documents have
been reviewed for potential SAMAs even if they are not necessarily applicable to a
Westinghouse plant.  Those items found not applicable are subsequently screened
from this list.  The containment performance improvement programs for boiling
water reactors and ice condenser plants are not reviewed (and the NUREG-1560
portion of the containment performance improvement for these are not reviewed).
FPL assumes that any issues from these documents are included in the large, dry
containment performance improvement program (NUREG/CR-5567).  Conceptual
enhancements for which no specific details are available (e.g., “improve diesel
reliability” or “improve procedures for loss of support systems”) are not included,
unless they are considered vulnerabilities in the plant’s IPE.

FPL also reviewed the SAMAs from the Oconee SAMA analysis (Ref. F.2-19).
Most of the SAMAs identified in that analysis were eliminated because they had
already been specifically identified by the review of the industry documents listed
above and were already considered, or the intent had already been met, or they are
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covered by the Turkey Point Units 3 & 4 Severe Accident Management Guidelines
program.  However, 4 items were added to the SAMA list from this review.

F.2.2 QUALITATIVE SCREENING OF SAMAS

The initial list of potential SAMAs is presented in Table F.2-1.  Table F.2-1 also
presents a qualitative screening of the initial list.  Items are eliminated from further
evaluation based on one of the following criteria:

•  The SAMA is not applicable at Turkey Point Units 3 & 4, either because the
enhancement is only for boiling water reactors, the Westinghouse AP600
design or pressurized water reactor ice condenser containments, or it is a
plant-specific enhancement that does not apply (Screening Criterion “A”); or

•  The SAMA is already implemented at Turkey Point Units 3 & 4 (or the design
meets the intent of the SAMA, as determined by plant review of each
SAMA) (Screening Criterion “B”).

Based on preliminary screening, 93 improvements are eliminated, leaving 76
subject to the final screening and evaluation process.  These improvements are
listed in Table F.2-2.

The final screening process involves identifying and eliminating those items whose
cost exceeds their benefit.  Table F.2-2 provides a description of the evaluation of
each and provides the basis for their elimination, or describes their final resolution.

F.2.3 ANALYSIS OF POTENTIAL SAMAS

The approach for this portion of the analysis (potential SAMAs to reduce core
damage frequency) is to calculate the value of the averted risk to the public for
each alternative.  It relies on the NRC’s Regulatory Analysis Guide (Ref. F.2-20) to
convert public health risk (person-rem) into dollars to estimate the cost of the
public health consequences.  The requirement established in this guide is to use
$2,000 per person-rem to convert public health consequences to dollars (not
indexed to inflation).  Therefore, the value (or safety improvement) of implementing
an alternative is expressed in terms of averted cost to the public (public benefit).
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TABLE F.2-1
INITIAL LIST OF CANDIDATE IMPROVEMENTS

FOR THE TURKEY POINT UNITS 3 & 4 SAMA ANALYSIS

SAMA
Number

Potential
Improvement Discussion Sourcea Screening Criterionb Evaluation

1 Cap downstream
piping of normally
closed Component
Cooing Water
(CCW) drain and
vent valves.

Reduces the frequency of loss
of CCW initiating event, a
large portion of which was
derived from catastrophic
failure of one of the many
single isolation valves.

(13) B Based on 5613-M-3030 drawing, downstream piping of the
normally closed CCW drain and vent valves is already capped.

Intent met or implemented.

2 Enhance Loss of
CCW (or loss of
service water)
procedure to
facilitate stopping
RCPs.

Reduces potential for RCP
seal damage due to pump
bearing failure.

(2), (10),
(13)

B Procedure will stop RCPs on loss of seal cooling (not just on
loss of CCW).

Intent met or implemented.

3 Enhance Loss of
CCW procedure to
present
desirability of
cooling down
Reactor Coolant
System (RCS)
prior to seal loss-
of-coolant
accident (LOCA).

Potential reduction in the
probability of RCP seal failure.

(2) B On loss of one unit CCW, connection to other unit would be
established per procedure.  The unit cross-tie requires 45-60
minutes, and seal LOCA may occur after 90 minutes.

The cross-tie to opposite unit CCW would reduce the likelihood
of RCP seal failure given a loss of CCW at one unit.  Thus the
intent of this SAMA is met or implemented.

4 Provide additional
training on the
Loss of CCW.

Potential improvement in
success rate of operator
actions after a loss of CCW.

(2) B On loss of one unit CCW, connection to other unit would be
established per 3/4-ONOP-030.  The unit cross-tie requires 45-
60 minutes, and seal LOCA may occur after 90 minutes.  The
operators are well-trained on this activity.

The cross-tie to opposite unit CCW would reduce the likelihood
of RCP seal failure given a loss of CCW at one unit.  Thus the
intent of this SAMA is met or implemented.
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TABLE F.2-1 (Cont’d)
INITIAL LIST OF CANDIDATE IMPROVEMENTS

FOR THE TURKEY POINT UNITS 3 & 4 SAMA ANALYSIS

SAMA
Number

Potential
Improvement Discussion Sourcea Screening Criterionb Evaluation

5 Provide hardware
connections to
allow another
Emergency Raw
Cooling Water
(ERCW) Service
Water (SW) to
cool charging
pump seals.

Reduce effect of loss of CCW
by providing a means to
maintain the charging pump
seal injection after a loss of
CCW.  Note, in Watts Bar,
this capability was already
there for one charging pump
at one unit, and the potential
enhancement identified was
to make it possible for all the
charging pumps.

(2), (6),
(11), (13)

B Turkey Point Units 3 & 4 charging pump seals currently have
connections for cooling via SW (domestic) on loss of CCW.

Intent met or implemented.

6 On loss of ERCW,
proceduralize
shedding CCW
loads to extend
the CCW heatup
time.

Increase time before the loss
of CCW (and RCP seal failure)
in the loss of ERCW
sequences.

(2) B On loss of one unit CCW, connection to other unit would be
established per procedure.  This procedure also includes
instructions for shedding CCW loads.

Intent met or implemented.

7 Increase charging
pump lube oil
capacity.

Would lengthen time before
charging pump failure due to
lube oil overheating in loss of
CCW sequences.

(2) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

8 Eliminate RCP
thermal barrier
dependence on
CCW, such that
loss of CCW does
not result directly
in core damage.

Would prevent loss of RCP
seal integrity after a loss of
CCW.  Watts Bar IPE stated
they could do this with ERCW
connection to charging pump
seals.

(2), (13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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TABLE F.2-1 (Cont’d)
INITIAL LIST OF CANDIDATE IMPROVEMENTS

FOR THE TURKEY POINT UNITS 3 & 4 SAMA ANALYSIS

SAMA
Number

Potential
Improvement Discussion Sourcea Screening Criterionb Evaluation

9 Provide additional
SW pump.

Providing another pump would
decrease core damage
frequency due to a loss of
SW.

(5) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

10 Create an
independent RCP
seal injection
system, with
dedicated diesel.

Would add redundancy to RCP
seal cooling alternatives,
reducing core damage
frequency (CDF) from loss of
CCW or SW, or station
blackout (SBO).

(6), (11),
(13)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

11 Create an
independent RCP
seal injection
system, without
dedicated diesel.

Would add redundancy to RCP
seal cooling alternatives,
reducing CDF from loss of
CCW or SW, or SBO.

(11) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

12 Use existing hydro
test pump for RCP
seal injection.

Independent seal injection
source, without cost of a new
system.

(7) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

13 Replace
Emergency Core
Cooling System
(ECCS) pump
motors with air-
cooled motors.

Remove dependency on CCW. (10), (13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

14 Install improved
RCP seals.

RCP seal O-rings constructed
of improved materials would
reduce chances of RCP seal
LOCA.

(11), (13) B All of the Turkey Point Units 3 & 4 RCPs have been upgraded
since 1990, with new high-temperature O-rings and silicon
nitride #1 seal faces.

Intent met or implemented.
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TABLE F.2-1 (Cont’d)
INITIAL LIST OF CANDIDATE IMPROVEMENTS

FOR THE TURKEY POINT UNITS 3 & 4 SAMA ANALYSIS

SAMA
Number

Potential
Improvement Discussion Sourcea Screening Criterionb Evaluation

15 Add a third CCW
pump.

Reduce chance of loss of
CCW leading to RCP seal
LOCA.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

16 Prevent charging
pump flow
diversion from the
relief valves.

If relief valve opening causes
a flow diversion large enough
to prevent RCP seal injection,
then modification can reduce
frequency of loss of RCP seal
cooling.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

17 Change
procedures to
isolate RCP seal
letdown flow on
loss of CCW, and
guidance on loss
of injection during
seal LOCA.

Reduce CDF from loss of seal
cooling.

(13) B EOPs already include instructions to isolate the RCP seal
letdown on loss of CCW, and guidance for loss of injection
following RCP seal LOCA.

Intent met or implemented.

18 Procedures to
stagger high-
pressure safety
injection (HPSI)
pump use after a
loss of SW.

Allow high-pressure injection
to be extended after a loss of
SW.

(13) B Turkey Point Units 3 & 4 HHSI pumps are shared 2 per unit,
each cooled by own unit CCW and suction from own Refueling
Water Storage Tank (RWST); on safety injection (SI) all 4 high
head safety injection (HHSI) pumps start, and operator stops
the 2 pumps for the unaffected unit.

Intent met or implemented.

19 Use firewater
pumps as a
backup seal
injection and high-
pressure makeup.

Reduce RCP seal LOCA
frequency and SBO core
damage frequency.

(13) A Firewater pumps cannot be used as a backup seal and high
pressure makeup since the firewater is at considerably lower
pressure.
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20 Develop
procedural
guidance for use
of cross-tied CCW
or SW pumps.

Can reduce the frequency of
the loss of either of these.

(13) B Procedure provides for cross-tie between Turkey Point Units
3 & 4 CCW Systems.

Intent met or implemented.

21 Implement
procedure &
operator training
enhancements in
support system
failure sequences,
with emphasis on
anticipating
problems and
coping.

Potential improvement in
success rate of operator
actions after support system
failures.

(2), (13) B Support system initiators dominated by loss of instrument air
and loss of 4kV bus.  Reasonable procedures and training exist
for manual operation of feedwater (FW) bypass valves on loss
of air, and for response to loss of a 4kV bus.

Intent met or implemented.

22 Improve ability to
cool residual heat
removal (RHR)
heat exchangers.

Reduced chance of loss of
Decay Heat Removal (DHR) by
1) Performing procedure and
hardware modification to
allow manual alignment of Fire
Protection System to the
CCW system, or 2) Installing a
CCW header cross-tie.

(12), (13) B CCW header and unit cross-ties exist now.  Parallel fire
protection supply would get a diesel pump involved but the RHR
would still be alternating current (AC) dependent.

Intent met or implemented.

23 Stage backup fans
in Switchgear
rooms.

Provides alternate ventilation
in the event of a loss of
switchgear ventilation.

(13) B Load Center (LC)/Switchgear (SWGR) rooms have emergency
wall-mount exhaust fans (3/4V15) to cool equipment if AC
trains failed.

Intent met or implemented.
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24 Provide redundant
train of ventilation
to 480V board
room.

Would improve reliability of
480V Heating, Ventilation,
and Air Conditioning (HVAC).
At Watts Bar, only one train
of HVAC cools the 480V
board room that contains the
unit vital inverters, and
recovery actions are heavily
relied on.  Watts Bar IPE said
their corrective action
program is dealing with this.

(2), (13) B 480V load center room contains 1 AC unit.  In past have
opened doors and used portable fans.

Intent met or implemented.

25 Develop
procedures for
temporary HVAC.

Provides for improved credit
to be taken for loss-of-HVAC
sequences.

(11), (13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

26 Add a switchgear
room high temp
alarm.

Improve diagnosis of a loss of
switchgear HVAC.

(13) B Each LC/SWGR room has temperature switch for high
temperature annunciator and shiftly walkdown by operators is
performed.

Intent met or implemented.

27 Create ability to
switch fan power
supply to direct
current (DC) in
SBO.

[Was created for a boiling
water reactor (BWR) Reactor
Core Isolation Cooling (RCIC)
room, Fitzpatrick; possible for
turbine Auxiliary Feedwater
(AFW) if has its own fan]
Allow continued operation in
SBO.

(13) A AFW cooling not required; AFW in open area.
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28 Delay
containment spray
actuation after
large LOCA.

When ice remains in the ice
condenser at such plants,
containment sprays have little
impact on containment
performance, yet rapidly drain
down the RWST.  This
improvement would lengthen
time of RWST availability.

(2), (6) A No ice condenser at Turkey Point Units 3 & 4.

29 Install
containment spray
throttle valves.

Can extend the time over
which water remains in the
RWST, when full containment
spray flow is not needed.

(11),
(12), (13)

B Turkey Point Units 3 & 4 HHSI systems, including RWST, are
cross-tied to provide additional RWST capacity if needed.

Intent met or implemented.

30 Install an
independent
method of
suppression pool
cooling.

Would decrease frequency of
loss of containment heat
removal.

(3), (4) B CCW header and unit crossties exist now to support RHR heat
exchanger cooling.

Intent met or implemented.

31 Develop an
enhanced drywell
spray system.

Would provide a redundant
source of water to the
Containment to control
containment pressure, when
used in conjunction with
containment heat removal.

(3), (4),
(16), (17)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

32 Provide a
dedicated existing
drywell spray
system.

Identical to the previous
concept, except that one of
the existing spray loops would
be used instead of developing
a new spray system.

(3), (4)
[similar

option in
(5), (6),
(11)]

N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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33 Install a
containment vent
large enough to
remove ATWS
decay heat.

Assuming injection is
available, would provide
alternative decay heat removal
in an ATWS.

(3), (4) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

34 Install a filtered
containment vent
to remove decay
heat.

Assuming injection is available
(non-ATWS sequences),
would provide alternate decay
heat removal with the
released fission products
being scrubbed.

(3), (4)
[similar

options in
(5), (6),
(8), (11),

(12),
(16),
(17)]

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

35 Install an
unfiltered
hardened
containment vent.

Provides an alternate decay
heat removal method (non-
ATWS), which is not filtered.

(3), (4),
(9), (14)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

36 Create/enhance
hydrogen ignitors
with independent
power supply.

Use either a new, independent
power supply, a non-safety
grade portable generator,
existing station batteries, or
existing AC/DC independent
power supplies such as the
security system diesel.  Would
reduce hydrogen detonation at
lower cost.

(3), (5),
(6), (7),
(9), (12),

(13),
(14),
(15),

(16), (17)

A Turkey Point Units 3 & 4 do not have hydrogen recombiners
(operation of ECCS also mitigates hydrogen levels); but have
provisions to obtain within 7 days post accident (including
needed penetrations).  Hydrogen concentration or pockets are
not likely based on IPE insights.



LIC
EN

S
E R

EN
EW

A
L A

PPLIC
A

T
IO

N
T
U

R
K

EY
 PO

IN
T
 U

N
IT

S
 3

 &
 4

Environm
ental R

eport
Page F.2

-1
2

R
evision 1

TABLE F.2-1 (Cont’d)
INITIAL LIST OF CANDIDATE IMPROVEMENTS

FOR THE TURKEY POINT UNITS 3 & 4 SAMA ANALYSIS

SAMA
Number

Potential
Improvement Discussion Sourcea Screening Criterionb Evaluation

37 Create a passive
hydrogen ignition
system.

Reduce hydrogen detonation
potential without requiring
electric power.

(7), (11),
(16), (17)

A Turkey Point Units 3 & 4 do not have hydrogen recombiners
(operation of ECCS also mitigates hydrogen levels); but have
provisions to obtain within 7 days post accident (including
needed penetrations).  Hydrogen concentration or pockets are
not likely based on IPE insights.  In addition, SAMA may not
work for accident hydrogen levels.

38 Create a giant
concrete crucible
with heat removal
potential under
the basemat to
contain molten
debris.

A molten core escaping from
the vessel would be contained
within the crucible.  The
water cooling mechanism
would cool the molten core,
preventing a melt through.

(3), (4),
(16), (17)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

39 Create a water-
cooled rubble bed
on the pedestal.

This rubble bed would contain
a molten core dropping onto
the pedestal, and would allow
the debris to be cooled.

(3), (4),
(8), (16),

(17)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

40 Provide
modification for
flooding of the
drywell head.

Would help mitigate accidents
that result in leakage through
the drywell head seal.

(4), (9) A BWR item.  For PWR, similar system intent would be to flood
area around reactor vessel to prevent vessel breach and late
Containment failure.  Wet cavity design at Turkey Point Units
3 & 4 will fill to 1/3 (or higher) vessel height during severe
accident to provide similar protection.

Intent met or implemented.

41 Enhance Fire
Protection System
and/or standby
gas treatment
system hardware
and procedures.

Improve fission product
scrubbing in severe accidents.

(4) A BWR item; similar SAMA for PWR presented by SAMA Number
47.
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42 Enhance air return
fans (ice
condenser
containment).

Provide an independent power
supply for the air return fans,
reducing Containment failure
in SBO sequences.

(6), (11) A Applicable to ice condenser plant only.

43 Create a reactor
cavity flooding
system.

Would enhance debris
coolability, reduce core
concrete interaction, and
provide fission product
scrubbing.

(5), (6),
(9), (11),

(12),
(13),
(15),

(16), (17)

B Wet cavity design.

Intent met or implemented.

43.1 Creating other
options for reactor
cavity flooding
(Part a).

(a) Use water from dead-
ended volumes, the
condensed blowdown of the
RCS, or secondary system by
drilling pathways in the
reactor vessel support
structure to allow drainage
from the steam generator
compartments, refueling
canal, sumps, etc., to the
reactor cavity.  Also (for ice
condensers), allow drainage of
water from melted ice into the
reactor cavity.

(7), (9),
(13)

B Wet cavity design.

Intent met or implemented.

43.2 Creating other
options for reactor
cavity flooding
(Part b).

(b) Flood cavity via systems
such as diesel driven fire
pumps.

(7), (9),
(13)

B Intent of SAMA is to flood area around reactor vessel to prevent
vessel breach and late Containment failure.  Wet cavity design
at Turkey Point Units 3 & 4 will fill to 1/3 (or higher) vessel
height during severe accident to provide similar protection.

Intent met or implemented.



LIC
EN

S
E R

EN
EW

A
L A

PPLIC
A

T
IO

N
T
U

R
K

EY
 PO

IN
T
 U

N
IT

S
 3

 &
 4

Environm
ental R

eport
Page F.2

-1
4

R
evision 1

TABLE F.2-1 (Cont’d)
INITIAL LIST OF CANDIDATE IMPROVEMENTS

FOR THE TURKEY POINT UNITS 3 & 4 SAMA ANALYSIS

SAMA
Number

Potential
Improvement Discussion Sourcea Screening Criterionb Evaluation

44 Provide a core
debris control
system.

(intended for ice condenser
plants:)  Would prevent the
direct core debris attack of
the primary containment steel
shell by erecting a barrier
between the seal table and
containment shell.

(6), (11) A Applicable to ice condenser plant only.

45 Create a core-melt
source reduction
system
(COMSORS).

Place enough glass
underneath the reactor vessel
such that a molten core falling
on the glass would melt and
combine with the material.
Subsequent spreading and
heat removal from the vitrified
compound would be
facilitated, and concrete
attack would not occur (such
benefits are theorized in the
reference).

(18) B Intent of SAMA is to prevent late Containment failure.  Wet
cavity design at Turkey Point Units 3 & 4 will fill to 1/3 (or
higher) vessel height during severe accident to provide similar
protection.

Intent met or implemented.

46 Provide
containment
inerting capability.

Would prevent combustion of
hydrogen and carbon
monoxide gases.

(6), (9),
(11), (14)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

47 Use fire water
spray pump for
containment spray

Redundant containment spray
method without high cost.

(7), (9),
(10), (12)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

48 Install a passive
containment spray
system.

Containment spray benefits at
a very high reliability, and
without support systems.

(8) N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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49 Provide secondary
containment
filtered
ventilation.

For plants with a secondary
Containment, would filter
fission products released from
the primary Containment.

(8) A No secondary Containment.

50 Increase
containment
design pressure.

Reduce chance of
containment overpressure.

(8) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

51 Increase the depth
of the concrete
basemat, or use
an alternative
concrete material
to ensure melt-
through does not
occur.

Prevent basemat melt-
through.

(16), (17) A Applicable to new design, not to existing containments.

52 Provide a reactor
vessel exterior
cooling system.

Potential to cool a molten core
before it causes vessel failure,
if the lower head can be
submerged in water.

(16), (17) B Wet cavity design at Turkey Point Units 3 & 4 will fill to 1/3 (or
higher) vessel height during severe accident.

Intent met or implemented.

53 Create another
building,
maintained at a
vacuum, to be
connected to
Containment.

In an accident, connecting the
new building to Containment
would depressurize
Containment and reduce any
fission product release.

(17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

54 Add ribbing to the
containment shell.

Would reduce the chance of
buckling of Containment
under reverse pressure
loading.

(17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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55 Train operations
crew for response
to inadvertent
actuation signals.

Improves chances of a
successful response to the
loss of two 120V AC buses,
which causes inadvertent
signals.

(13) A Not applicable.  Turkey Point Units 3 & 4 features are different
from other plants.  Turkey Point Units 3 & 4 have two battery
chargers on each vital bus, rather than one, to minimize
likelihood of inadvertent actuation due to simultaneous loss of
two vital buses.

56 Proceduralize
alignment of spare
diesel to
shutdown board
after loss of
power (LOP) and
failure of the
diesel normally
supplying it.

Reduced SBO frequency. (2) B SBO cross-tie provides this flexibility.

Intent met or implemented.

57 Provide an
additional diesel
generator.

Would increase onsite
emergency AC power
reliability and availability
(decrease SBO).  The ANO-1
IPE reported that ANO
committed to install an
alternate alternating current
power source capable of
supplying the loss of offsite
power (LOOP) loads of any
one of the four safety buses.
This source would be available
within 10 minutes after
determination of SBO
conditions.

(5), (6),
(10), (13)
(16), (17)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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58 Provide additional
DC battery
capability.

Would ensure longer battery
capability during a SBO,
reducing frequency of long-
term SBO sequences.

(5), (6),
(13),

(16), (17)

B Have installed spare battery (D52) that can be used in place of
any of 4 vital batteries.  Non-vital batteries can be tied to each
other but not to vital.

Intent met or implemented.

59 Use fuel cells
instead of lead-
acid batteries.

Extend DC power availability
in a SBO.

(16), (17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

60 Procedure to
cross-tie HPCS
diesel.

(BWR 5/6) (10) A BWR item.

61 Improve bus
cross-tie ability.

Improved AC power reliability. (10), (13) B Intertied by design, SBO cross-tie adds more flexibility.

Intent met or implemented.

62 Alternate battery
charging
capability.

Improved DC power reliability.
Either cross-tie of AC buses,
or a portable diesel-driven
battery charger.

(10),
(11),

(12), (13)

B Intertied by design, SBO cross-tie adds more flexibility.

Intent met or implemented.

63 Increase/improve
DC bus load
shedding.

Improved battery life in
station blackout.

(10),
(11),

(12), (13)

B Battery calculations (PTN-BFJE-94-002, 6/23/97, for 3A, 3B,
4A, 4B) confirm 2-hour life without shedding of loads.

No battery failure events appear in cutsets.

Intent met or implemented.

64 Replace batteries. Improved reliability. (10) B The batteries were already replaced with current technology
batteries.

Intent met or implemented.
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65 Create AC power
cross-tie
capability across
units at a multi-
unit site.

Improved AC power reliability. (11),
(12), (13)

B Intertied by design, SBO cross-tie adds more flexibility.

Intent met or implemented.

66 Create a cross-
unit tie for diesel
fuel oil.

For multi-unit sites, adds
diesel fuel oil redundancy.

(13) B Intertied by design, SBO cross-tie adds more flexibility.

Intent met or implemented.

67 Develop
procedures to
repair or change
out failed 4kV
breakers.

Offers a recovery path from a
failure of breakers that
perform transfer of 4.16kV
non-emergency buses from
unit station service
transformers to system
station service transformers,
leading to loss of emergency
AC power (i.e., in conjunction
with failures of the diesel
generators).

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

68 Emphasize steps
in recovery of
offsite power
after a SBO.

Reduced human error
probability of offsite power
recovery.

(13) B Turkey Point Units 3 & 4 training adequate.

Intent met or implemented.

69 Develop a severe
weather
conditions
procedure.

For plants that do not already
have one, reduces the
likelihood of external events
CDF.

(13) B Turkey Point Units 3 & 4 procedure (i.e., hurricane) adequate.

Intent met or implemented.

70 Develop
procedures for
replenishing diesel
fuel oil.

Allow long term diesel
operation.

(13) B Turkey Point Units 3 & 4 procedure adequate.

Intent met or implemented.
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71 Install gas turbine
generators.

Improve onsite AC power
reliability.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

72 Install tornado
protection on gas
turbine generator.

If the unit has a gas turbine,
the tornado-induced SBO
frequency would be reduced.

(16), (17) A No gas turbine.

73 Create a river
water backup for
diesel cooling.

Provides redundant source of
diesel cooling.

(13) A Diesels are air cooled.

74 Use firewater as a
backup for diesel
cooling.

Redundancy in diesel support
systems.

(13) A Diesels are air cooled.

75 Provide a
connection to
alternate offsite
power source.

Increase offsite power
redundancy.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

76 Implement
underground
offsite power
lines.

Could improve offsite power
reliability, particularly during
severe weather.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

77 Replace anchor
bolts on diesel
generator oil
cooler.

Millstone found a high seismic
SBO risk due to failure of the
diesel oil cooler anchor bolts.
For plants with a similar
problem, this would reduce
seismic risk.

(13) A Seismic risk extremely low; need for bolts on Emergency Diesel
Generator (EDG) oil coolers very plant specific.
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78 Proceduralize use
of pressurizer vent
valves during
Steam Generator
Tube Rupture
(SGTR)
sequences.

CCNPP procedures direct the
use of pressurizer sprays to
reduce RCS pressure after a
SGTR.  Use of the vent valves
provides a backup method.

(13) B Turkey Point Units 3 & 4 procedure for use of power operated
relief valves (PORVs) and Auxiliary Spray adequate (SGTR low
contributor).

Intent met or implemented.

79 Install a redundant
spray system to
depressurize the
primary system
during a SGTR.

Enhanced depressurization
ability during SGTR.

(16), (17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

80 Improve SGTR
coping abilities.

Improved instrumentation to
detect SGTR, or additional
systems to scrub fission
product releases.

(7), (9),
(10),
(13),
(14),

(16), (17)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

81 Add other SGTR
coping features.

(a) A highly reliable (closed
loop) steam generator shell-
side heat removal system that
relies on natural circulation
and stored water sources, (b)
A system which returns the
discharge from the steam
generator relief valve back to
the primary Containment, (c)
An increased pressure
capability on the steam
generator shell side with
corresponding increase in the
safety valve setpoints.

(7), (8),
(17)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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82 Increase
secondary-side
pressure capacity
such that a SGTR
would not cause
the relief valves to
lift.

SGTR sequences would not
have a direct release pathway.

(8), (17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

83 Replace steam
generators with
new design.

Lower frequency of SGTR. (13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

84 Direct steam
generator flooding
after a SGTR,
prior to core
damage.

Would provide for improved
scrubbing of SGTR releases.

(14), (15) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

85 Implement a
maintenance
practice that
inspects 100
percent of the
tubes in a steam
generator.

Reduce chances of tube
rupture.

(16), (17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

86 Revise Emergency
Operating
Procedures (EOPs)
to direct that a
faulted steam
generator be
isolated.

For those plants whose EOPs
don't already direct this,
would reduce consequences
of SGTR.

(13) B Procedure addresses isolation of a faulted steam generator for
main steam line break, main feed line break, and other
secondary line breaks.

Intent met or implemented.
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87 Locate RHR inside
of Containment.

Would prevent Interfacing
System Loss of Coolant
Accident (ISLOCA) out the
RHR pathway.

(8) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

88 Self-actuating
containment
isolation valves.

For plants that don’t have
this, it would reduce the
frequency of isolation failure.

(8) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

89 Install additional
instrumentation
for ISLOCA
sequences.

Pressure or leak monitoring
instruments installed between
the first two pressure isolation
valves on low-pressure
injection lines, RHR suction
lines, and high-pressure
injection lines would decrease
ISLOCA frequency.

(5), (6),
(11), (13)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

90 Increase
frequency of valve
leak testing.

Decrease ISLOCA frequency. (12) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

91 Improve operator
training on
ISLOCA coping.

Decrease ISLOCA effects. (12), (13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

92 Install relief valves
in the Component
Cooling Water
System.

Would relieve pressure buildup
from an RCP thermal barrier
tube rupture, preventing an
ISLOCA.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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93 Provide leak
testing of valves
in ISLOCA paths.

At Kewaunee, four motor-
operated valves (MOVs)
isolating RHR from the RCS
were not leak tested.  Would
help reduce ISLOCA
frequency.

(13) B Turkey Point Units 3 & 4 currently perform leak-testing of
valves in ISLOCA flow paths.  This can only be done at cold
shutdown.

Intent met or implemented.

94 Revise EOPs to
improve ISLOCA
identification.

Salem had a scenario in which
a RHR ISLOCA could direct
initial leakage back to the
Pressurizer Relief Tank, giving
indication that the LOCA was
inside Containment.
Procedure enhancement
would ensure a LOCA outside
Containment would be
observed.

(13) B Turkey Point Units 3 & 4 procedure adequate.

Intent met or implemented.

95 Ensure all ISLOCA
releases are
scrubbed.

Would scrub ISLOCA releases.
One suggestion was to plug
drains in the break area so the
break point would cover with
water.

(14), (15) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

96 Add redundant
and diverse limit
switch to each
containment
isolation valve.

Enhanced isolation valve
position indication, which
would reduce frequency of
containment isolation failure
and ISLOCAs.

(16), (17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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97 Modify swing
direction of doors
separating Turbine
Building basement
from areas
containing
safeguards
equipment.

For a plant where internal
flooding from Turbine Building
to safeguards areas is a
concern, this modification can
prevent flood propagation.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

98 Improve
inspection of
rubber expansion
joints on main
condenser.

For a plant where internal
flooding due to failure of
circulating water expansion
joint is a concern, this can
help reduce the frequency.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

99 Deploy internal
flood prevention
and mitigation
enhancements.

1) Use of submersible MOV
operators.  2) Back flow
prevention in drain lines.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

100 Internal flooding
improvements at
Fort Calhoun
Station

Prevention or mitigation of 1)
A rupture in the RCP seal
cooler of the CCW System, 2)
An ISLOCA in a shutdown
cooling line, 3) An AFW flood
involving the need to possibly
remove a water-tight door.
For a plant where any of
these apply, would reduce
flooding risk.

(13) A Applicable to Fort Calhoun Station specifically.  These items
were not identified in the flooding analysis performed on Turkey
Point Units 3 & 4.

101 Implement digital
feedwater
upgrade.

Reduces chance of loss of
Main Feedwater following a
plant trip.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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102 Perform
surveillances on
manual valves
used for backup
AFW pump
suction.

Improves success probability
for providing alternate water
supply to AFW pumps.

(13) B Turkey Point Units 3 & 4 Condensate Storage Tanks (CSTs) are
connected, each can provide sufficient AFW flow to maintain a
unit at hot standby for 15 hours, followed by 4 hours of
cooldown; or 23 hours at hot standby (Turkey Point Units 3 & 4
PRA 2.A, 110).

Intent met or implemented.
103 Install manual

isolation valves
around AFW
turbine-driven
steam admission
valves.

Reduces the dual turbine
driven pump maintenance
unavailability.

(13) B Intent met or implemented.

104 Install
accumulators for
turbine-driven
AFW pump flow
control valves.

Provide control air
accumulators for the turbine
driven AFW flow control
valves, the motor-driven AFW
pressure control valves, and
steam generator PORVs.  This
would eliminate the need for
local manual action to align
nitrogen bottles for control air
during a LOP.

(11) B Diesel generator-driven instrument air compressor adequately
reduces the impact of loss of Instrument Air on LOP.

Intent met or implemented.

105 Install a new CST
(AFW Storage
Tank).

Either replace old tank with a
larger one, or install a backup
tank.

(13),
(16), (17)

B Demineralized Water Storage Tank (DWST) provides this
function.  Two standby steam generators feed pumps supplied
by DWST provide a backup to AFW.

Intent met or implemented.
106 Enable cooling of

steam-driven AFW
pump in a SBO.

1 )Use firewater to cool
pump, or 2) Make the pump
self-cooled.  Would improve
success chances in a SBO.

(13) A AFW cooling not required; AFW in open area.
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107 Proceduralize local
manual operation
of AFW when
control power is
lost.

Lengthen AFW availability in
SBO.  Also provides a success
path should AFW control
power be lost in non-SBO
sequences.

(13) B Turkey Point Units 3 & 4 have a diesel-driven standby steam
generator feed pump (SSGFP) for SBO (dedicated battery - no
control power dependency).

Intent met or implemented.

108 Provide portable
generators to be
hooked in to the
turbine driven
AFW, after
battery depletion.

Extend AFW availability in a
SBO (assuming the turbine-
driven AFW requires DC
power).

(16), (17) B Turkey Point Units 3 & 4 have a diesel-driven SSGFP for SBO
(dedicated battery - no control power dependency).

Intent met or implemented.

109 Add a motor train
of AFW to the
steam trains.

For PWRs that do not have
any motor trains of AFW, this
can increase reliability in non-
SBO sequences.

(13) B SSGFPs from DWST (one is motor driven) provide this function.

Intent met or implemented.

110 Create ability for
emergency
connections of
existing or
alternate water
sources to
feedwater/
condensate.

Would be a backup water
supply for the
Feedwater/Condensate
Systems.

(12) B SSGFPs from DWST (one diesel-driven, one motor-driven)
provide this function.

Intent met or implemented.

111 Use firewater as a
backup for steam
generator
inventory.

Would create a backup to
Main and Auxiliary Feedwater
for steam generator water
supply.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.



LIC
EN

S
E R

EN
EW

A
L A

PPLIC
A

T
IO

N
T
U

R
K

EY
 PO

IN
T
 U

N
IT

S
 3

 &
 4

Environm
ental R

eport
Page F.2

-2
7

R
evision 1

TABLE F.2-1 (Cont’d)
INITIAL LIST OF CANDIDATE IMPROVEMENTS

FOR THE TURKEY POINT UNITS 3 & 4 SAMA ANALYSIS

SAMA
Number

Potential
Improvement Discussion Sourcea Screening Criterionb Evaluation

112 Procure a portable
diesel pump for
isolation
condenser
makeup.

Backup to the city water
supply and diesel firewater
pump in providing isolation
condenser makeup.

(13) A Applicable to isolation condenser plant only.

113 Install an
independent diesel
for the
Condensate
Storage Tank
makeup pumps.

Would allow continued
inventory in CST during a
SBO.

(13) B SSGFPs from DWST (one is motor driven) provide this function.

Intent met or implemented.

114 Change failure
position of
condenser
makeup valve.

If the condenser makeup valve
fails open on loss of air or
power, this can result in CST
flow diversion to condenser.
Allows greater inventory for
the AFW pumps.

(13) A CST supplies AFW only, no connection to condenser.  DWST
supplies SSGFP and condenser makeup.
If makeup valve (CV-1519) fails open, and if the flow regulating
valve is open (typically closed), flow may be diverted, but when
condenser level rises > 84 percent, flow will be directed back
to DWST - no inventory loss.

115 Create passive
secondary-side
coolers.

Provide a passive heat
removal loop with a
condenser and heat sink.
Would reduce CDF from the
loss of feedwater.

(17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

116 Provide capability
for diesel-driven,
low-pressure
vessel makeup.

Extra water source in
sequences in which the
reactor is depressurized and
all other injection is
unavailable (e.g., firewater).

(4), (5),
(13)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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117 Provide an
additional high-
pressure injection
pump with
independent
diesel.

Reduce frequency of core
melt from small LOCA
sequences, and from SBO
sequences.

(6), (16),
(17)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

118 Install
independent AC
high-pressure
injection system.

Would allow makeup and feed
and bleed capabilities during a
SBO.

(11) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

119 Create the ability
to manually align
ECCS
recirculation.

Provides a backup should
automatic or remote operation
fail.

 (12) B Recirc alignment is remote manual operation only.

Intent met or implemented.

120 Implement an
RWST makeup
procedure.

Decrease core damage
frequency from ISLOCA
scenarios, some smaller break
LOCA scenarios, and SGTR.

(12), (13) B RWST refill continuous injection capability meet the intent.

Intent met or implemented.

121 Stop low-pressure
injection pumps
earlier in medium
or large LOCAs.

Would give more time to
perform recirculation
swapover.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

122 Emphasize timely
recirc swapover in
operator training.

Reduce human error
probability of recirculation
failure.

(13) B Recirc alignment is remote manual operation only, and for which
operators are trained.

Intent met or implemented.
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123 Upgrade Chemical
and Volume
Control System
(CVCS) to
mitigate small
LOCAs.

For a plant like the AP600,
where CVCS can’t mitigate
small LOCA, an upgrade
would decrease CDF from
small LOCA.

(8) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

124 Install an active
high-pressure SI
system.

For a plant like the AP600,
where an active high-pressure
safety injection system does
not exist, would add
redundancy in high-pressure
injection.

(8) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

125 Change “in-
Containment”
RWST suction
from 4 check
valves to 2 check
and 2 air operated
valves.

Remove common mode failure
of all four injection paths.

(8) A This SAMA refers to AP600 design with RWST inside
Containment.  At Turkey Point Units 3 & 4, RWSTs are outside
Containment.  Suction line to HHSI/(low head safety injection
(LHSI) pumps contains 2 locked open MOVs and a locked open
manual valve in series.  Since valves are not required to change
state, no common cause failure applied.

126 Replace two of
the four safety
injection pumps
with diesel
pumps.

Intended for System 80+,
which has four trains of SI.
This would reduce common
cause failure probability.

(16), (17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

127 Align low-pressure
coolant injection
(LPCI) or core
spray to CST on
loss of
suppression pool
cooling.

Low pressure ECCS can be
maintained in loss of
suppression pool cooling
scenarios.

(10), (13) B RWST refill and continuous injection capability exist, along with
cross-tie to opposite unit RWST.

Intent met or implemented.
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128 Raise High-
Pressure Coolant
Injection
(HPCI)/RCIC
backpressure trip
setpoints.

Ensures HPCI/RCIC availability
when high suppression pool
temperatures exist.

(13) A BWR Item.

129 Improve the
reliability of the
Automatic
Depressurization
System.

Reduce frequency of high-
pressure core damage
sequences.

(4) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

130 Disallow
automatic vessel
depressurization
in non-ATWS
scenarios.

Improve operator control of
plant.

(13) A BWR Item.

131 Create automatic
swapover to
recirculation on
RWST depletion.

Would remove human error
contribution from recirculation
failure.

(5), (6),
(11)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

132 Modify EOPs for
ability to align
diesel power to
more air
compressors.

For plants which do not have
diesel power to all normal and
backup air compressors, this
change allows increased
reliability of Instrument Air
after a LOP.

(13) B A diesel-driven air compressor is in place and in use.
Procedures are implemented.

Intent met or implemented.

133 Replace old air
compressors with
more reliable
ones.

Improve reliability and
increase availability of
instrument air compressors.

(13) B In 1993 the air compressors were replaced with more reliable
ones.

Intent met or implemented.
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134 Install nitrogen
bottles as backup
gas supply for
safety relief
valves (SRVs).

Extend operation of safety
relief valves during SBO and
loss of air events (BWRs).

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

135 Install motor
generator set trip
breakers in
Control Room.

Provides trip breakers for the
motor generator sets in the
Control Room.  Currently, at
Watts Bar, an ATWS would
require an immediate action
outside the Control Room to
trip the motor generator sets.
Would reduce ATWS CDF.

(11) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

136 Add capability to
remove power
from the bus
powering the
control rods.

Decrease time to insert
control rods if the reactor trip
breakers fail (during a loss of
feedwater ATWS that has
rapid pressure excursion).

(13) B Turkey Point Units 3 & 4 have capability to remove power from
control rods.

Intent met or implemented.

137 Create cross-
connect ability for
standby liquid
control (SLC)
trains.

Improved reliability for boron
injection during ATWS.

(13) A BWR Item.

138 Create an
alternate boron
injection capability
(backup to SLC).

Improved reliability for boron
injection during ATWS.

(13) A BWR Item.
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139 Remove or allow
override of LPCI
injection during
ATWS.

On failure of HPCI and
Condensate, the Susquehanna
units direct reactor
depressurization followed by 5
minutes of automatic LPCI
injection.  Would allow control
of LPCI immediately.

(13) A BWR Item.

140 Install a system of
relief valves that
prevents any
equipment
damage from a
pressure spike
during an ATWS.

Would improve equipment
availability after an ATWS.

(16), (17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

141 Create a boron
injection system
to back up the
mechanical
control rods.

Provides a redundant means
to shut down the reactor.

(16), (17) B Turkey Point Units 3 & 4 have capability for emergency
boration.

Intent met or implemented

142 Provide an
additional
Instrumentation
and Control
System (e.g.,
AMSAC).

Improve instrumentation and
control redundancy and
reduce ATWS frequency.

(16), (17) B Event for logic circuits fail to generate trip signal CDF risk
reduction worth (RRW) = 1.001; adequate reliability.

Intent met or implemented.
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143 Provide capability
for remote
operation of
secondary-side
PORVs in SBO.

Manual operation of these
valves is required in a SBO
scenario.  High area
temperatures may be
encountered in this case (no
ventilation to main steam
areas), and remote operation
could improve success
probability.

(2) B Automatic Depressurization Valves (ADVs) air-operated with N2
backup for SBO; can be operated in automatic or manual mode
from Control Room, or manual mode from alternate shutdown
panel (Ref. F.2-1, Section 2.F, pg. 7).

Intent met or implemented.

144 Create/enhance
Reactor Coolant
System
depressurization
ability.

Either with a new
depressurization system, or
with existing PORVs, head
vents, and secondary-side
valve, RCS depressurization
would allow low-pressure
ECCS injection.  Even if core
damage occurs, low RCS
pressure alleviates some
concerns about high-pressure
melt ejection.

(5), (6),
(9), (11),

(12),
(13),
(14),
(15),

(16), (17)

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

145 Make procedural
changes only for
the RCS
depressurization
option.

Reduce RCS pressure without
cost of a new system.

(7), (9),
(13)

B RCS depressurization during small LOCA or transient cooldown
is via steam dumps (ADVs).  Contribution of human error
probabilities and valve failures for depressurization insignificant
to CDF (RRW=1).

Intent met or implemented.
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146 Defeat 100
percent load
rejection
capability.

INTERPRET AS
"PROVIDE 100
percent…"

Eliminates the possibility of a
stuck open PORV after a LOP,
since PORV opening wouldn’t
be needed.

(13) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

147 Change control
rod drive flow
control valve
failure position.

Change failure position to the
‘fail-safest’ position.

(13) A BWR item.

148 Install secondary-
side guard pipes
up to the main
steam isolation
valves (MSIVs).

Would prevent secondary-side
depressurization should a
steam line break occur
upstream of the MSIVs.
Would also guard against or
prevent consequential multiple
SGTR following a main steam
line break event.

(16), (17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

149 Install digital large
break LOCA
protection.

Upgrade plant instrumentation
and logic to improve the
capability to identify
symptoms/precursors of a
large break LOCA (a leak
before break).

(17) N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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150 Increase seismic
capacity of the
plant to a high
confidence of low
probability of
failure of twice
the Safe
Shutdown
Earthquake.

Reduced seismic CDF. (17) A Seismic risk extremely low, thus very low benefit.

151 Provide self-
cooled ECCS
seals.

ECCS pump seals are CCW
cooled.

Turkey
Point
Units
3 & 4

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

152 Separate non-vital
buses from vital
buses.

Some non-vital loads mixed
with vital loads on load
centers causing load shedding
difficulties.

Turkey
Point
Units
3 & 4

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

153 Make CCW trains
separate.

Current cross-tie capability
creates a potential common
mode failure mechanism for
both trains (and both
stations).

Turkey
Point
Units
3 & 4

B Capability to isolate the trains exists.  The probability of this
specific common mode failure of both trains (rupture of the
isolation valve) is very small.

Intent met or implemented.

154 Make Intermediate
Cooling Water
(ICW) trains
separate.

Current cross-tie capability
creates a potential common
mode failure mechanism for
both trains (and both
stations).

Turkey
Point
Units
3 & 4

B Capability to isolate the trains exists.  The probability of this
specific common mode failure of both trains (rupture of the
isolation valve) is very small.

Intent met or implemented.



LIC
EN

S
E R

EN
EW

A
L A

PPLIC
A

T
IO

N
T
U

R
K

EY
 PO

IN
T
 U

N
IT

S
 3

 &
 4

Environm
ental R

eport
Page F.2

-3
6

R
evision 1

TABLE F.2-1 (Cont’d)
INITIAL LIST OF CANDIDATE IMPROVEMENTS

FOR THE TURKEY POINT UNITS 3 & 4 SAMA ANALYSIS

SAMA
Number

Potential
Improvement Discussion Sourcea Screening Criterionb Evaluation

155 Provide a
centrifugal
charging pump.

Currently charging pumps are
positive displacement pumps.

Turkey
Point
Units
3 & 4

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

156 Provide a motor-
operated AFW
pump.

Currently AFW pumps are
both turbine driven.

Turkey
Point
Units
3 & 4

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

157 Provide
containment
isolation design
per General
Design Criteria
and Standard
Review Plan.

Enhance containment isolation
capability.

Turkey
Point
Units
3 & 4

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

158 Improve RHR
sump reliability.

Common mode failure of RHR
due to debris in sump.

Turkey
Point
Units
3 & 4

B The benefit of eliminating the common mode failure is very
small.  The capability to refill the RWST and to provide
continuous injection further reduces the need for improving the
sump reliability.

Intent met or implemented.

159 Provide Auxiliary
Building vent/seal
structure.

Enhance ventilation in
Auxiliary Building.

Turkey
Point
Units
3 & 4

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

160 Add charcoal
filters on Auxiliary
Building exhaust.

Enhance fission product
removal after ISLOCA.

Turkey
Point
Units
3 & 4

N Not initially screened.  Considered further in the final (cost-
benefit) screening.
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161 Add penetration
valve leakage
control system.

Enhance capability to
detect/control leakage from
penetrations valves.

Turkey
Point
Units
3 & 4

N Not initially screened.  Considered further in the final (cost-
benefit) screening.

162 Enhance screen
wash.

Potential for loss of ICW due
to clogging of sea water
screens.

Turkey
Point
Units
3 & 4

B Operators currently keep the screens clean and have adequate
indication and time to successfully perform this task.

Intent met or implemented.
163 Enhance training

for important
operator actions.

Key operator actions are:
U3OPS2HPR (0.0078)
 ZZXCROSST (0.0501)
XMANBYPASS (0.016)
U3OPMLPR (0.03)
X3OPKMRODI (0.1)
U0RABFAN (0.01)
U3OPALHR (0.12)
AHFL0N2BKU (0.003)
UISOPMP (0.0003)
U3T3CD4-3 (0.003)

Turkey
Point
Units
3 & 4

B Discussion among the FPL SAMA evaluation team indicated that
these operator actions have been highlighted in the PSA
training.  It is therefore judged that enhancements to training on
these operator actions are not likely to reduce their probabilities
of failure measurably.

Intent met or implemented.

164 Minimize tornado
damage to RWST
and penetration
rooms.

Penetration rooms are tornado
protected.  Tornado category
F2 and higher can generate
heavy enough missiles that
they could impact and
damage the RWST.

(19) B Turkey Point Units 3 & 4 have redundant RWSTs.

Intent met or implemented.
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165 Man safe
shutdown facility
(SSF)
continuously to
align coolant
makeup system
for RCP seal
cooling.

At Turkey Point a dedicated
operator for seals or for the
highest value operator action
could be considered.

(19) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

166 Prevent tornado
from causing
failure of power
and upper surge
tanks.

Consider protection for tanks
or switchgear in Turbine
Building.  Surge tanks are
suction for emergency
feedwater pumps.

(19) B Turkey Point Units 3 & 4 have redundant CSTs.   The
switchgear rooms in the Turbine Building are designed for
adequate tornado protection.  Modifications to increase
resistance to tornado-induced damage would be extremely
costly.

Intent met or implemented.

167 Replace reactor
vessel with
stronger vessel.

Reduce core damage
contribution due to vessel
failure.

(19) N Not initially screened.  Considered further in the final (cost-
benefit) screening.

                                     
a.  The Source numbers correspond to the last portion of the reference numbers for References F.2-1 – F.2-19.

b.  Screening Criteria:
A = Not Applicable
B = Intent Met or Implemented
N = Not Screened.  Considered in cost-benefit evaluation.
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Cost Conclusion Basis for Conclusion
7 Increase charging

pump lube oil
capacity.

Would lengthen time
before charging pump
failure due to lube oil
overheating in loss of
CCW sequences.

<$31K >2 x
Benefit

Screen out Charging pumps have connection for cooling by SW;
unavailability is dominated by pump failures.
Analysis case SEALCSF determined the benefit from
eliminating all contribution from RCP seal LOCAs to
be <$31K.

In order to implement this alternative, plant
hardware modifications would be needed.  The cost
of this would be greater than the benefit obtained.

8 Eliminate RCP
thermal barrier
dependence on
CCW, such that loss
of CCW does not
result directly in
core damage.

Would prevent loss of RCP
seal integrity after a loss
of CCW.  Watts Bar IPE
stated they could do this
with ERCW connection to
charging pump seals.

<$31K >2 x
Benefit

Screen out Charging pumps have connection for cooling by SW;
unavailability is dominated by pump failures.
Analysis case SEALCSF determined the benefit from
eliminating all contribution from RCP seal LOCAs to
be <$31K.

In order to implement this alternative, plant
hardware modifications would be needed.  The cost
of this would be greater than the benefit obtained.

9 Provide additional
SW pump.

Providing another pump
would decrease core
damage frequency due to
a loss of SW.

<$31K >2 x
Benefit

Screen out CCW cooled by ICW; can cross-tie to opposite unit
CCW if ICW lost.  Analysis case SEALCSF
determined the benefit from eliminating all
contribution from RCP seal LOCA to be <$31K.

In order to implement this alternative, additional
hardware would need to be installed (plant
modification).  The cost of this would be greater
than the benefit obtained.
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10 Create an

independent RCP
seal injection
system, with
dedicated diesel.

Would add redundancy to
RCP seal cooling
alternatives, reducing CDF
from loss of CCW or SW,
or SBO.

<$31K >2 x
Benefit

Screen out Analysis case SEALCSF determined the benefit from
eliminating all contribution from RCP seal LOCA, to
be <$31K.

In order to implement this alternative, additional
hardware would need to be installed (plant
modification).  The cost of this would be greater
than the benefit obtained.

11 Create an
independent RCP
seal injection
system, without
dedicated diesel.

Would add redundancy to
RCP seal cooling
alternatives, reducing CDF
from loss of CCW or SW
or SBO.

<$31K >2 x
Benefit

Screen out Analysis case SEALCSF determined the benefit from
eliminating all contribution from RCP Seal LOCA to
be <$31K.

In order to implement this alternative, additional
hardware would need to be installed (plant
modification).  The cost of this would be greater
than the benefit obtained.

12 Use existing hydro
test pump for RCP
seal injection.

Independent seal injection
source, without cost of a
new system.

<$31K >2 x
Benefit

Screen out Analysis case SEALCSF determined the benefit from
eliminating all contribution from RCP seal LOCAs to
be <$31K.

In order to implement this alternative, plant
hardware modifications would be needed to allow
timely connection of the hydro pump for seal
injection.  The cost of this would be greater than the
benefit obtained.
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13 Replace ECCS pump

motors with air
cooled motors.

Remove dependency on
CCW.

<$31K >2 x
Benefit

Screen out Analysis case SEALCSF determined the benefit from
eliminating all contribution from RCP seal LOCAs to
be <$31K.

In order to implement this alternative, plant
hardware modifications would be needed to allow
timely connection of the hydro pump for seal
injection.  The cost of this would be greater than the
benefit obtained.

15 Add a third CCW
pump.

Reduce chance of loss of
CCW leading to RCP seal
LOCA.

<$31K >2 x
Benefit

Screen out Analysis case SEALCSF determined the benefit from
eliminating all contribution from RCP seal LOCA to
be <$31K.

In order to implement this alternative, additional
hardware would need to be installed (plant
modification).  The cost of this would be greater
than the benefit obtained.

16 Prevent charging
pump flow diversion
from the relief
valves.

If relief valve opening
causes a flow diversion
large enough to prevent
RCP seal injection, then
modification can reduce
frequency of loss of RCP
seal cooling.

<$31K >2 x
Benefit

Screen out Analysis case SEALCSF determined the benefit from
eliminating all contribution from RCP seal LOCAs to
be <$31K.   The actual benefit would be much less,
since the failure rate for relief valve premature
opening is only 0.000004/hour (IEEE Std 500).

In order to implement this alternative, plant
hardware modifications would be needed to direct
relief valve flow back to system.  The cost of this
would be greater than the benefit obtained.
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25 Develop procedures

for temporary
HVAC.

Provides for improved
credit to be taken for loss-
of-HVAC sequences.

<$15.3K >2 x
Benefit

Screen out Procedure describes using  portable fans and
blocking doors open for DC Equipment Room.

Reactor auxiliaries building (RAB) ventilation not
expected to be required except for RHR rooms.  The
RHR pumps must have room cooling when pumping
hot water (as opposed to pumping RWST water);
the RHR pumps would survive without HVAC if
temporary measures are taken within 1/2 hour of
commencing to pump hot water.  Opening the doors
to the rooms would provide adequate room cooling.
Analysis case RABCSF determined the benefit from
eliminating all contribution from failure of RAB
ventilation to be <$15.3K.   However, another
analysis was run using a more realistic Level 3
model [RABCSF(L3)] and the resulting benefit was
<$10.7K; therefore, this SAMA will screen out.

In order to implement this alternative, plant
procedure modifications would be needed.  The cost
of this would be greater than the benefit obtained.

31 Develop an
enhanced drywell
spray system.

Would provide a redundant
source of water to the
Containment to control
containment pressure,
when used in conjunction
with containment heat
removal.

<$177K >2 x
Benefit

Screen out Analysis case SGCRVLP2 determined the benefit
from eliminating all contribution from containment
spray failure to be less than $177K.

In order to implement this alternative, substantial
plant hardware modifications would be needed.  The
cost of this would be greater than the benefit
obtained.
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32 Provide a dedicated

existing drywell
spray system.

Identical to the previous
concept, except that one
of the existing spray loops
would be used instead of
developing a new spray
system.

<$177K >2 x
Benefit

Screen out Analysis case SGCRVLP2 determined the benefit
from eliminating all contribution from containment
spray failure to be less than $162K.

In order to implement this alternative, substantial
plant hardware modifications would be needed.  The
cost of this would be greater than the benefit
obtained.

33 Install a containment
vent large enough to
remove ATWS
decay heat.

Assuming injection is
available, would provide
alternative decay heat
removal in an ATWS.

<$802K
[maximum
attainable
benefit
(MAB)]

>2 x
Benefit

Screen out Turkey Point Units 3 & 4 containment design has 2-
inch Instrument Air bleed line; purge valve to vent
for small venting demand should be very costly
(unfiltered version of SAMA Number 34)

The costs associated with the plant modifications
required to implement this alternative are greater
than the benefit.

Screened out due to expected high cost.

34 Install a filtered
containment vent to
remove decay heat.

Assuming injection is
available (non-ATWS
sequences), would provide
alternate decay heat
removal with the released
fission products being
scrubbed.

<$802K
(MAB)

Industry
estimate
$20M

Screen out TVA estimate $20M (Reference F.2-7); expected to
well exceed MAB.

The costs associated with the plant modifications
required to implement this alternative are greater
than the benefit.

Screened out due to expected high cost.
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35 Install an unfiltered

hardened
containment vent.

Provides an alternate
decay heat removal
method (non-ATWS),
which is not filtered.

<$802K
(MAB)

Industry
estimate
$20M

Screen out TVA estimate $20M (Ref. F.2-7); expected to well
exceed MAB.

The costs associated with the plant modifications
required to implement this alternative are greater
than the benefit.

Screened out due to expected high cost.

38 Create a giant
concrete crucible
with heat removal
potential under the
basemat to contain
molten debris.

A molten core escaping
from the vessel would be
contained within the
crucible.  The water
cooling mechanism would
cool the molten core,
preventing a melt through.

<$802K
(MAB)

Industry
estimate
$108M

Screen out For an existing plant, design and installation of this
SAMA are not considered feasible.

The costs associated with the plant modifications
required to implement this alternative are greater
than the benefit.

S80 estimate $108M (Ref. F.2-16); expected to well
exceed MAB.

39 Create a water-
cooled rubble bed on
the pedestal.

This rubble bed would
contain a molten core
dropping onto the
pedestal, and would allow
the debris to be cooled.

<$802K
(MAB)

Industry
estimate
$18M

Screen out For an existing plant, design and installation of this
SAMA are not considered feasible.

The costs associated with the plant modifications
required to implement this alternative are greater
than the benefit.

S80 estimate $18M (Ref. F.2-16); expected to well
exceed MAB.



Environm
ental R

eport
 Page F.2

-4
5

R
evision 1

LIC
EN

S
E R

EN
EW

A
L A

PPLIC
A

T
IO

N
T
U

R
K

EY
 PO

IN
T
 U

N
IT

S
 3

 &
 4

TABLE F.2-2 (Cont’d)
SUMMARY OF TURKEY POINT UNITS 3 & 4 SAMA

FINAL SCREENING/COST-BENEFIT ANALYSIS

SAMA
Number

Potential
Improvement Discussion

Total
Benefit

(Bounding)
Estimated
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46 Provide containment

inerting capability.
Would prevent combustion
of hydrogen and carbon
monoxide gases.

<$802K
(MAB)

Industry
estimate
$10.9M

Screen out Turkey Point Units 3 & 4 do not have hydrogen
recombiners (operation of ECCS also mitigates
hydrogen levels); but have the provisions to obtain
within 7 days post accident (including needed
penetrations).  Hydrogen concentration or pockets
are not likely based on IPE insights.

TVA estimate $10.9M (Ref. F.2-7); cost expected to
well exceed MAB.

The costs associated with the plant modifications
required to implement this alternative are greater
than the benefit.

47 Use fire water spray
pump for
containment spray.

Redundant containment
spray method without high
cost.

<$49K >2 x
Benefit

Screen out The RHR pumps can back up the spray pumps when
AC is available, thus the primary benefit for FW
backup would be during SBO.  Analysis case No
LOG determined the benefit of eliminating all Loss of
Grid events.   Based on this analysis, the maximum
benefit to be obtained from use of firewater spray
during blackout is less than $49K.

The costs associated with the plant modifications
required to implement this alternative are greater
than the benefit.
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48 Install a passive

containment spray
system.

Containment spray
benefits at a very high
reliability, and without
support systems.

<$177K >2 x
Benefit

Screen out Analysis case SGCRVLP2 determined the benefit
from eliminating all contribution from containment
spray failure to be less than $177K.

In order to implement this alternative, substantial
plant hardware modifications would be needed.  The
cost of this would be greater than the benefit
obtained.

50 Increase
containment design
pressure.

Reduce chance of
containment overpressure.

<$481K >2 x
Benefit

Screen out If containment failure were eliminated, maximum
benefit would be elimination of all offsite dose/loss.
Benefit is <$481K.  Cost would be expected to be
>2 x benefit.

53 Create another
building, maintained
at a vacuum to be
connected to
Containment.

In an accident, connecting
the new building to
Containment would
depressurize Containment
and reduce any fission
product release.

<$802K
(MAB)

Industry
estimate
>$10M

Screen out For an existing plant, design and installation of this
SAMA are not considered feasible.

Industry cost estimate >$10M; expected to well
exceed MAB

54 Add ribbing to the
containment shell.

Would reduce the chance
of buckling of
Containment under reverse
pressure loading.

<$481K >2 x
Benefit

Screen out For an existing plant, design and installation of this
SAMA are not considered feasible (also Turkey Point
Units 3 & 4 do not have steel containments).

Very costly, extensive reconstruction of
Containment; expected to well exceed MAB.
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57 Provide an additional

diesel generator.
Would increase onsite
emergency AC power
reliability and availability
(decrease SBO).   The
ANO-1 IPE reported that
ANO committed to install
an alternate alternating
current power source
capable of supplying the
LOOP loads of any one of
the four safety buses.
This source would be
available within 10
minutes after
determination of SBO
conditions.

<$72K >2 x
Benefit

Industry
estimate

$431K (Ref.
F.2-7) to

$25M (Ref.
F.2-16)

Screen out Analysis case EDG5 determined the maximum
benefit from installation of another diesel generator
to be <$72K.

The cost of installation of another diesel generator is
expected to greatly exceed twice this expected
benefit.

59 Use fuel cells
instead of lead-acid
batteries.

Extend DC power
availability in a SBO.

~$0 >2 x
Benefit

Screen out Event U3BATDEP for operator failure to recover
offsite power prior to battery depletion has CDF
RRW = 1.  Indicates battery depletion not a large
contributor.  Based on this contribution to CDF, the
maximum benefit to be obtained from fuel cells is
nearly zero.
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67 Develop procedures

to repair or change
out failed 4 kilovolts
(kV) breakers.

Offers a recovery path
from a failure of breakers
that perform transfer of
4.16kV non-emergency
buses from unit station
service transformers to
system station service
transformers, leading to
loss of emergency AC
power (i.e., in conjunction
with failures of the diesel
generators).

~$0 >2 x
Benefit

Screen out The Turkey Point Units 3 & 4 PRA indicates that
4kV breaker failure has minimal contribution to CDF
(RRW = 1).  Based on this contribution to CDF the
maximum benefit to be obtained from procedures to
change out or repair breakers is nearly zero.

71 Install gas turbine
generators.

Improve onsite AC power
reliability.

<$49K Industry
estimate
$10M

Screen out Analysis case No LOG determined the benefit of
eliminating all Loss of Grid events.   Based on this
analysis, the maximum benefit to be obtained from a
gas turbine generator is less than $49K.

The costs associated with the plant modifications
required to implement this alternative are greater
than the benefit.

75 Provide a connection
to alternate offsite
power source.

Increase offsite power
redundancy.

<$49K >2 x
Benefit

(assuming
distance >2

miles)
Industry
estimate
$1M/mile

Screen out Analysis case No LOG determined the benefit of
eliminating all Loss of Grid events.   Based on this
analysis, the maximum benefit to be obtained from
an additional offsite power source connection is less
than $49K.

In 1994 at CCNPP, BGE installed a 500kV line at a
cost of $1M/mile.  This would exceed FPL benefit.
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76 Implement

underground offsite
power lines.

Could improve offsite
power reliability,
particularly during severe
weather.

<$49K >2 x
Benefit

Screen out Analysis case No LOG determined the benefit of
eliminating all Loss of Grid events.   Based on this
analysis, the maximum benefit to be obtained from
underground offsite power lines is less than $49K.

The distance that would be necessary to bury
cabling would be significant given that the severe
weather to which the plant is susceptible (primarily
hurricanes) typically affects a broad area.

79 Install a redundant
spray system to
depressurize the
primary system
during a SGTR.

Enhanced depressurization
ability during SGTR.

<$1K >2 x
Benefit

Screen out Analysis case NO-SGTR determined the benefit from
eliminating all contribution from SGTR to be <$1K.
In order to implement this alternative, additional
hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.

80 Improved SGTR
coping abilities.

Improved instrumentation
to detect SGTR, or
additional systems to
scrub fission product
releases.

<$1K >2 x
Benefit

Screen out Analysis case NO-SGTR determined the benefit from
eliminating all contribution from SGTR to be <$1K.
In order to implement this alternative, additional
hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.
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81 Add other SGTR

coping features.
(a)A highly reliable (closed
loop) steam generator
shell-side heat removal
system that relies on
natural circulation and
stored water sources, (b)
A system which returns
the discharge from the
steam generator relief
valve back to the primary
Containment, (c) An
increased pressure
capability on the steam
generator shell side with
corresponding increase in
the safety valve setpoints.

<$1K >2 x
Benefit

Screen out Per System 80+ (Ref. F.2-16), relief valve return to
Containment requires major redesign.  Increasing
secondary pressure capacity requires new secondary
system.

Analysis case NO-SGTR determined the benefit from
eliminating all contribution from SGTR to be <$1K.
In order to implement this alternative, additional
hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.

82 Increase secondary-
side pressure
capacity such that a
SGTR would not
cause the relief
valves to lift.

SGTR sequences would
not have a direct release
pathway.

<$1K >2 x
Benefit

Screen out Per System 80+ (Ref. F.2-16) relief valve return to
Containment requires major redesign.  Increasing
secondary pressure capacity requires new secondary
system.

Analysis case NO-SGTR determined the benefit from
eliminating all contribution from SGTR to be <$1K.
In order to implement this alternative, additional
hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.
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83 Replace steam

generators with new
design.

Lower frequency of SGTR. <$1K >2 x
Benefit

Screen out Original Turkey Point Units 3 & 4 steam generators
replaced with newer design.

Analysis case NO-SGTR determined the benefit from
eliminating all contribution from SGTR to be <$1K.
In order to implement this alternative, additional
hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.

84 Direct steam
generator flooding
after a SGTR, prior
to core damage.

Would provide for
improved scrubbing of
SGTR releases.

<$1K >2 x
Benefit

Screen out Analysis case NO-SGTR determined the benefit from
eliminating all contribution from SGTR to be <$1K.
In order to implement this alternative, additional
hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.

85 Implement a
maintenance
practice that
inspects 100
percent of the tubes
in a steam
generator.

Reduce chances of tube
rupture.

<$1K >2 x
Benefit

Screen out Analysis case NO-SGTR determined the benefit from
eliminating all contribution from SGTR to be <$1K.
In order to implement this alternative, additional
hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.

87 Locate RHR inside of
Containment.

Would prevent ISLOCA
out the RHR pathway.

<$802K
(MAB)

>2 x
Benefit

Screen out For an existing plant, relocating the RHR inside the
Containment is not feasible, as it would require an
entirely new RHR system.
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88 Self-actuating

containment
isolation valves.

For plants that don’t have
this, it would reduce the
frequency of isolation
failure.

<$1K >2 x
Benefit

Screen out Except for 4 valves, Turkey Point Units 3 & 4
Containment Isolation System valves fail safe on
loss of electric/air, and require only Engineered
Safety Features Actuation System containment
isolation signal

Analysis case CI-OK determined the benefit from
eliminating all contribution from early Containment
failure (including containment isolation failure) to be
<$1K.  In order to implement this alternative,
additional hardware would need to be installed (plant
modification).

89 Install additional
instrumentation for
ISLOCA sequences.

Pressure or leak
monitoring instruments
installed between the first
two pressure isolation
valves on low-pressure
injection lines, RHR
suction lines, and high-
pressure injection lines
would decrease ISLOCA
frequency.

<$16K >2 x
Benefit

Screen out Analysis case NO-ISLOCA determined the benefit
from eliminating all contribution from ISLOCA to be
<$16K.  In order to implement this alternative,
additional hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.

90 Increase frequency
of valve leak testing.

Decrease ISLOCA
frequency.

<$16K >2 x
Benefit

Screen out Analysis case NO-ISLOCA determined the benefit
from eliminating all contribution from ISLOCA to be
<$16K.  In order to implement this alternative,
additional hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.
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91 Improve operator

training on ISLOCA
coping.

Decrease ISLOCA effects. <$16K >2 x
Benefit

Screen out Analysis case NO-ISLOCA determined the benefit
from eliminating all contribution from ISLOCA to be
<$16K.  In order to implement this alternative,
additional hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.

92 Install relief valves in
the Component
Cooling Water
System.

Would relieve pressure
buildup from an RCP
thermal barrier tube
rupture, preventing an
ISLOCA.

<$16K >2 x
Benefit

Screen out This mechanism not identified as a contributor to
ISLOCA at Turkey Point Units 3 & 4.

Even so, case NO-ISLOCA determined the benefit
from eliminating all contribution from ISLOCA to be
<$16K.  In order to implement this alternative,
additional hardware would need to be installed (plant
modification).

95 Ensure all ISLOCA
releases are
scrubbed.

Would scrub ISLOCA
releases.  One suggestion
was to plug drains in the
break area so the break
point would cover with
water.

<$16K >2 x
Benefit

Screen out Analysis case NO-ISLOCA determined the benefit
from eliminating all contribution from ISLOCA to be
<$16K.  In order to implement this alternative,
additional hardware would need to be installed (plant
modification) and procedure modifications written to
provide additional direction.
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96 Add redundant and

diverse limit switch
to each containment
isolation valve.

Enhanced isolation valve
position indication, which
would reduce frequency of
containment isolation
failure and ISLOCAs.

<$17K >2 x
Benefit

Screen out Analysis case NO-ISLOCA determined the benefit
from eliminating all contribution from ISLOCA to be
<$16K.

Analysis case CI-OK determined the benefit from
eliminating all contribution from early Containment
failure (including containment isolation failure) to be
<$1K.

In order to implement this alternative, additional
hardware would need to be installed (plant
modification).

97 Modify swing
direction of doors
separating Turbine
Building basement
from areas
containing
safeguards
equipment.

For a plant where internal
flooding from the Turbine
Building to safeguards
areas is a concern, this
modification can prevent
flood propagation.

~$0 >2 x
Benefit

Screen out This SAMA is clearly not applicable to Turkey Point
Units 3 & 4 Turbine Building designs.

The IPE indicates, for the two internal flooding
scenarios that were considered credible by the
analysis, both have CDFs of <0.0000005;
improvement would yield no measurable benefit.

98 Improve inspection
of rubber expansion
joints on main
condenser.

For a plant where internal
flooding due to failure of
circulating water
expansion joint is a
concern, this can help
reduce the frequency.

~$0 >2 x
Benefit

Screen out Benefit would be very small since there were no
significant internal flooding issues in the IPE analysis
of internal flooding.

The IPE indicates that the CDF for this event is
<0.0000005; improvement would yield no
measurable benefit.
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99 Deploy internal flood

prevention and
mitigation
enhancements.

1) Use of submersible
MOV operators.  2) Back
flow prevention in drain
lines.

~$0 >2 x
Benefit

Screen out Benefit would be very small since there were no
significant internal flooding issues in the IPE analysis
of internal flooding.

The IPE indicates, for the two internal flooding
scenarios that were considered credible by the
analysis, both have CDFs of <0.0000005;
improvement would yield no measurable benefit.

101 Implement digital
feedwater upgrade.

Reduces chance of loss of
Main Feedwater following
a plant trip.

<$68.2K ~$580k Screen out The Turkey Point Units 3 & 4 PRA indicates that
loss of feedwater events have an 8.5 percent
contribution to CDF.  Based on this contribution to
CDF, the maximum benefit to be obtained from a
digital feedwater upgrade is less than $68.2K.

111 Use firewater as a
backup for steam
generator inventory.

Would create a backup to
Main and Auxiliary
Feedwater for steam
generator water supply.

<$8.1K >2 x
Benefit

Screen out Turkey Point Units 3 & 4 have many sources of
secondary makeup, including a diesel-driven SSGFP.
The Turkey Point Units 3 & 4 CFR indicates that this
pump has less than a 1 percent contribution to CDF
(RRW=1.009).  The benefit of another diesel driven
source would be less than the value of the first.
Based on this contribution to CDF, the maximum
benefit to be obtained from use of firewater as a
backup source is less than $8.1K.

115 Create passive
secondary-side
coolers.

Provide a passive heat
removal loop with a
condenser and heat sink.
Would reduce CDF from
the loss of feedwater.

<$802K
(MAB)

>2 x
Benefit

Screen out For an existing plant, design and installation of this
SAMA are not considered feasible, as it would
involve major changes in plant structures.
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116 Provide capability

for diesel-driven,
low- pressure vessel
makeup.

Extra water source in
sequences in which the
reactor is depressurized
and all other injection is
unavailable (e.g.,
firewater).
.

NA NA Screen out Unborated water for safety injection implies
applicability to BWR, not PWR.  Diesel-driven HHSI
is evaluated separately for SAMA Numbers 117,
118, and 124.

117 Provide an additional
high-pressure
injection pump with
independent diesel.

Reduce frequency of core
melt from small LOCA
sequences, and from SBO
sequences.

<$131K >2 x
Benefit

Screen out Analysis case HHDDPCSF determined the benefit
from addition of a diesel-driven HHSI pump and
elimination of HHSI common-cause failure to be less
than $131K.

In order to implement this alternative, plant
hardware modifications would be needed.    See also
SAMA Numbers 118, 124.

118 Install independent
AC high-pressure
injection system.

Would allow makeup and
feed and bleed capabilities
during a SBO.

<$131K >2 x
Benefit

Screen out Analysis case HHDDPCSF determined the benefit
from addition of a diesel-driven HHSI pump and
elimination of HHSI common-cause failure to be less
than $131K.

In order to implement this alternative, plant
hardware modifications would be needed.  See also
SAMA Numbers 117, 124.
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121 Stop low pressure

injection pumps
earlier in medium or
large LOCAs.

Would give more time to
perform recirculation
swapover.

<$67K >2 x
Benefit

Screen out Analysis case OPERCSF determined the benefit from
stopping the LHSI pumps earlier to be less than
$67K.

In order to implement this alternative, procedure
modifications would be needed.  The cost of this
may be less than the total benefit obtained.

However, there is a risk trade-off made when
changing the time at which to stop the pumps.
Stopping the pumps earlier in the sequence would
introduce a risk due to error of commission (stopping
pump too soon).  Because the current procedures for
recirculation swapover are reasonable and operators
are well-trained, this potential risk trade-off is
considered to be greater than any benefit that may
be gained.

123 Upgrade CVCS to
mitigate small
LOCAs.

For a plant like the AP600,
where CVCS can’t
mitigate small LOCA, an
upgrade would decrease
CDF from small LOCA.

<$8.1K >2 x
Benefit

Screen out The Turkey Point Units 3 & 4 PRA indicates that
HHSI pump independent failure has less than a 1
percent contribution to CDF (RRW=1.008).  Based
on this contribution to CDF, the maximum benefit to
be obtained from use of CVCS to mitigate small
LOCAs is less than $8.1K.
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124 Install an active

high- pressure SI
system.

For a plant like the AP600,
where an active high-
pressure safety injection
system does not exist,
would add redundancy in
high-pressure injection.

<$131K >2 x
Benefit

Screen out Although there is already an active SI system,
system analysis case HHDDPCSF was used to
consider additional redundancy by determining the
benefit from the addition of a diesel-driven HHSI
pump and elimination of HHSI common-cause failure
to be less than $131K.

In order to implement this alternative, plant
hardware modifications would be needed.  See also
SAMA Numbers 117, 118.

126 Replace two of the
four safety injection
pumps with diesel
pumps.

Intended for System 80+,
which has four trains of
SI.  This would reduce
common cause failure
probability.

<$131K >$890k Screen out Analysis case HHDDPCSF determined the benefit
from addition of a diesel-driven HHSI pump and
elimination of HHSI common-cause failure to be less
than $131K.

In order to implement this alternative, plant
hardware modifications would be needed.

129 Improve the
reliability of the
Automatic
Depressurization
System.

Reduce frequency of high-
pressure core damage
sequences.

<$16.4K >2 x
Benefit

Screen out The Turkey Point Units 3 & 4 PRA indicates that
PORV failure-to-open events have less than a 2
percent contribution to CDF.  Based on this
contribution to CDF, the maximum benefit to be
obtained from a digital feedwater upgrade is less
than $16.4K.

131 Create automatic
swapover to
recirculation on
RWST depletion.

Would remove human
error contribution from
recirculation failure.

<$56K ~$450K Screen out Analysis case OperCSl estimated the benefit of an
automatic swapover system to be <$56K.
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134 Install nitrogen

bottles as backup
gas supply for
SRVs..

Extend operation of safety
relief valves during SBO
and loss of air events
(BWRs).

<$13K >2 x
Benefit

Screen out The Turkey Point Units 3 & 4 PRA indicates that
loss of all instrument air and compressor failures
have less than a 2 percent total contribution to CDF
(RRW=1.016).  Based on this contribution to CDF,
the maximum benefit to be obtained from nitrogen
bottles is less than $13K.

135 Install motor
generator set trip
breakers in Control
Room.

Provides trip breakers for
the motor generator sets
in the CONTROL ROOM.
Currently, at Watts Bar, an
ATWS would require an
immediate action outside
the control room to trip
the motor generator sets.
Would reduce ATWS CDF.

<$4.1K >2 x
Benefit

Screen out The Turkey Point Units 3 & 4 PRA indicates failure
to manually trip the breakers has less than a 1
percent contribution to CDF (X3OPKMT
RRW=1.005).  Based on this contribution to CDF,
the maximum benefit to be obtained from relocating
the motor generator set trip breakers is less than
$4.1K.  In addition, Turkey Point Units 3 & 4 have
capability to remove power from control rods.
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140 Install a system of

relief valves that
prevents any
equipment damage
from a pressure
spike during an
ATWS.

Would improve equipment
availability after an ATWS.

<$4.1K >2 x
Benefit

Screen out For moderator temperature coefficient (MTC) > -
7pcm/degree F, pressure relief is not possible and
would exceed Stress Level C (Ref. 4.20-2, Section
1.0, pg. 125 & 146); so this SAMA would have no
effect.

For MTC > -20 percent milli (pcm)/degree F
pressure relief is needed and provided by 3 SRVs or
2 SRVs + 2 PORVs (Ref. 4.20-2, pg. 125 & 146).

The Turkey Point Units 3 & 4 PRA indicates
unfavorable MTC and SRV/PORV failures have less
than a 3 percent contribution to CDF (event
ZZMTCUNFAV RRW=1.001, SRVs RRW=1.0,
PORV fail to open RRW=1.01 each).  Based on this
contribution to CDF, the maximum benefit to be
obtained from an ATWS pressure relief system is
less than $4.1K.

144 Create/enhance
Reactor Coolant
System
depressurization
ability.

Either with a new
depressurization system,
or with existing PORVs,
head vents, and
secondary-side valve, RCS
depressurization would
allow low-pressure ECCS
injection.  Even if core
damage occurs, low RCS
pressure alleviates some
concerns about high-
pressure melt ejection.

~$0 >2 x
Benefit

Screen out The Turkey Point Units 3 & 4 PRA indicates
depressurization failures have insignificant
contribution to CDF (RRW=1).  Based on this
contribution to CDF, the maximum benefit to be
obtained enhancing depressurization capability is
nearly zero.
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146 Defeat 100 percent

load rejection
capability.

INTERPRET AS
"PROVIDE 100
percent…"

Eliminates the possibility
of a stuck open PORV
after a LOP, since PORV
opening wouldn’t be
needed.

$41K >2 x
Benefit

Screen out ADVs and CDVs open on reactor trip.  The Turkey
Point Units 3 & 4 PRA indicates failure of secondary
steam relief is assumed negligible (Ref. 4.20-2, pg.
96), and only T2 initiators (transient with PORV
demand) are assumed to result in PORV demand
(Ref. 4.20-2, pg. 91).

T2 initiators and stuck open PORVs have
approximately a 5 percent contribution to CDF.
Based on this contribution to CDF, the maximum
benefit to be obtained from 100 percent load
rejection is less than $41K.

148 Install a secondary
side guard pipes up
to the MSIVs.

Would prevent secondary
side depressurization
should a steam line break
occur upstream of the
MSIVs.  Would also guard
against or prevent
consequential multiple
SGTR following a main
steam line break event.

~$0 >2 x
Benefit

Screen out The Turkey Point Units 3 & 4 PRA indicates steam
line break initiators (upstream or downstream of
MSIVs) are insignificant to CDF (RRW=1).  Based
on this contribution to CDF, the maximum benefit to
be obtained from secondary-side guard pipes is
nearly zero.

149 Install a digital large
break LOCA
protection.

Upgrade plant
instrumentation and logic
to improve the capability
to identify
symptoms/precursors of a
large break LOCA (a leak
before break).

<$16.2K >2 x
Benefit

Screen out Turkey Point Units 3 & 4 installed a new Reactor
Protective System, in 1992, that is partly computer
based.  The Turkey Point Units 3 & 4 PRA indicates
large break LOCA has less than a 2 percent
contribution to CDF.  Based on this contribution to
CDF, the maximum benefit to be obtained from
digital large break LOCA protection is less than
$16.2K.
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151 Provide self-cooled

ECCS seals.
ECCS pump seals are
CCW cooled.

~$0 >2 x
Benefit

Screen out CCW is also required for pump motor cooling; thus,
elimination of seal cooling would not prevent pump
failure.  Benefit is $0.

152 Separate non-vital
buses from vital
buses.

Some non-vital loads
mixed with vital loads on
load centers causing load
shedding difficulties.

<$4.1K >2 x
Benefit

Screen out This SAMA would help prevent breaker failures
associated with the 480V buses.  The Turkey Point
Units 3 & 4 PRA indicates 480V breaker failures
have less than a 0.5 percent contribution to CDF.
Based on this contribution to CDF, the maximum
benefit to be obtained from separating vital and non-
vital buses is less than $4.1K.

155 Provide a centrifugal
charging pump.

Currently charging pumps
are positive displacement
pumps.

<$20.1K >2 x
Benefit

Screen out The Turkey Point Units 3 & 4 PRA indicates
charging pump failures have less than a 2.5 percent
contribution to CDF.  Based on this contribution to
CDF, the maximum benefit to be obtained from a
centrifugal charging pump is less than $20.1K.

156 Provide a motor
operated AFW
pump.

Currently AFW pumps are
both turbine driven.

~$0 >2 x
Benefit

Screen out Turkey Point Units 3 & 4 have many sources of
secondary makeup, including a motor-driven SSGFP.
The Turkey Point Units 3 & 4 PRA indicates that this
pump has an insignificant contribution to CDF
(RRW=1).  The benefit of another motor-driven
source would be less than the value of the first.
Based on this contribution to CDF, the maximum
benefit to be obtained from a motor-driven AFW
pump is nearly zero.
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157 Provide containment

isolation design per
General Design
Criteria and
Standard Review
Plan.

Enhance containment
isolation capability.

<$1K >2 x
Benefit

Screen out Analysis case CI-OK determined the benefit from
eliminating all contribution from early Containment
failure (including containment isolation failure) to be
<$1K.

In order to implement this alternative, additional
hardware would need to be installed (plant
modification).

159 Provide Auxiliary
Building vent/seal
structure.

Enhance ventilation in
Auxiliary Building.

<$16K >2 x
Benefit

Screen out The intent is to reduce leakage from the Auxiliary
Building after an ISLOCA.

Analysis case NO-ISLOCA determined the benefit
from eliminating all contribution from ISLOCA to be
<$16K.

In order to implement this alternative, additional
hardware would need to be installed (plant
modification).

160 Add charcoal filters
on Auxiliary Building
exhaust.

Enhance fission product
removal after ISLOCA.

<$16K >2 x
Benefit

Screen out Analysis case NO-ISLOCA determined the benefit
from eliminating all contribution from ISLOCA to be
<$16K.

In order to implement this alternative, additional
hardware would need to be installed (plant
modification).
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161 Add Penetration

valve leakage
control system.

Enhance capability to
detect/control leakage
from penetration valves.

<$17K >2 x
Benefit

Screen out Analysis case CI-OK determined the benefit from
eliminating all contribution from early Containment
failure (including containment isolation failure) to be
<$1K.

Analysis case NO-ISLOCA determined the benefit
from eliminating all contribution from ISLOCA to be
<$16K.

In order to implement this alternative, additional
hardware would need to be installed (plant
modification).

165 Man SSF
continuously to align
Coolant Makeup
system for RCP seal
cooling.

At Turkey Point a
dedicated operator for
seals or for the highest
value operator action
could be considered.

<$31K >2 x
Benefit

Screen out Analysis case SEALCSF determined the benefit from
eliminating all contribution from RCP seal LOCAs to
be <$31K.

The Oconee SAMA evaluation estimated the cost of
continuously manning the SSF to have a present
value of $5 million; therefore, is expected to greatly
exceed twice the benefit for Turkey Point Units
3 & 4.

167 Replace reactor
vessel with stronger
vessel.

Reduce core damage
contribution due to vessel
failure.

<$802K
(MAB)

>2 x
Benefit

Screen out For an existing plant, design and installation of this
SAMA is expected to greatly exceed 2MAB.
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The PSA results used in this analysis are calculated using internal event results
only.  An external events PSA model has not been developed for Turkey Point
Units 3 & 4.  Therefore, to account for the potential impact of external events on
the results of these SAMA evaluations, it is assumed that the benefits of each
SAMA are doubled for purposes of comparing with its cost.
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F.3 ACRONYMS USED IN APPENDIX F

AC Alternating Current
ADV Automatic Depressurization Valve
AFW Auxiliary Feedwater
AMSAC ATWS Mitigating System Actuation Circuitry
ANO-1 Arkansas Nuclear One Unit 1
AOV Air operated valve
ATWS Anticipated Transient Without Scram
BGE Baltimore Gas and Electric Company
BWR Boiling Water Reactor
CCNPP Calvert Cliffs Nuclear Power Plant
CCW Component Cooling Water
CDF
CDV

Core Damage Frequency
Condensate Dump Valves

COMSORS Core-Melt Source Reduction System
CST Condensate Storage Tank
CVCS Chemical Volume Control System
DC Direct Current
DHR Decay Heat Removal
DWST Demineralized Water Storage Tank
ECCS Emergency Core Cooling System
EDG Emergency Diesel Generator
EOP Emergency Operating Procedure
ERCW Emergency Raw Cooling Water
FPL Florida Power & Light
FW
GL

Feedwater
Generic Letter

HHSI High Head Safety Injection
HPCI High Pressure Coolant Injection
HPCS High Pressure Core Spray
HPSI High Pressure Safety Injection
HVAC Heating, Ventilation and Air Conditioning
ICONE International Conference on Nuclear Engineering
ICW Intermediate Cooling Water
IEEE Institute of Electrical and Electronic Engineers
IPE Individual Plant Examination
ISLOCA
K

Interfacing System LOCA
Thousand

KV Kilovolts
LC Load Center
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LHSI Low Head Safety Injection
LOCA Loss of Coolant Accident
LOOP Loss of Offsite Power
LOP Loss of Power
LPCI Low-Pressure Coolant Injection
LWR
MAB

Light Water Reactor
Maximum Attainable Benefit

MACCS2 Melcor Accident Consequences Code System
MOV Motor-Operated Valve
MSIV Main Steam Isolation Valve
MTC Moderator Temperature Coefficient
NRC U. S. Nuclear Regulatory Commission
pcm percent milli
PORV Power Operated Relief Valve
PRA Probabilistic Risk Analysis
PSA Probabilistic Safety Assessment
PWR Pressurized Water Reactor
RAI Request for Additional Information
RAB Reactor Auxiliaries Building
RCIC Reactor Core Isolation Cooling
RCP Reactor Coolant Pump
RCS Reactor Coolant System
RHR Residual Heat Removal
RRW Risk Reduction Worth
RWST
SAC

Refueling Water Storage Tank
Safety Assessment Consulting

SAMA Severe Accident Mitigation Alternative
SAMDA Severe Accident Mitigation Design Alternative
SBO Station Blackout
SGTR Steam Generator Tube Rupture
SI
SKI

Safety Injection
Swedish Nuclear Power Inspectorate

SLC Standby Liquid Control
SRV Safety Relief Valve
SSF Safe Shutdown Facility
SSGFP Standby Steam Generator Feed Pump
SW Service Water
SWGR Switchgear
TVA Tennessee Valley Authority
V Volt(s)
WBN Watts Bar Nuclear Plant
> Greater than
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< Less than
~ Approximately


	Appendix C
	Letter, Hovey (FPL) to Mardon (DOH)
	Letter, Herber (DOH) to Abbatiello (FPL)

	Appendix D
	Letter, Hovey (FPL) to Percy (SHPO)
	Letter, Matthews (SHPO) to Hovey (FPL)

	Appendix E
	Permit No. FL0001562 (Superceded)
	Permit No. FL0001562

	Appendix F
	F.1	MELCOR ACCIDENT CONSEQUENCES CODE SYSTEM MODELING
	F.1.1		INTRODUCTION
	F.1.2		INPUT
	F.1.2.1	CORE INVENTORY
	F.1.2.2	SOURCE TERMS
	TABLE F.1-1 CORE INVENTORY
	TABLE F.1-2 RELEASE FRACTION BY NUCLIDE GROUP

	F.1.2.3	METEOROLOGICAL DATA
	F.1.2.4	POPULATION DISTRIBUTION
	TABLE F.1-3 REGIONAL POPULATION DISTRIBUTION YEAR 2025

	F.1.2.5	EMERGENCY RESPONSE
	F.1.2.6	ECONOMIC DATA

	F.1.3		RESULTS
	TABLE F.1-4 SUMMARY OF OFFSITE CONSEQUENCE RESULTS
	TABLE F.1-5 SUMMED AVERAGE RISKS

	F.1.4		REFERENCES

	F.2	EVALUATION OF CANDIDATE SAMAS
	F.2.1		SAMA LIST COMPILATION
	F.2.2		QUALITATIVE SCREENING OF SAMAS
	F.2.3		ANALYSIS OF POTENTIAL SAMAS
	TABLE F.2-1 INITIAL LIST OF CANDIDATE IMPROVEMENTS
	TABLE F.2-2 SUMMARY OF SAMA FINAL SCREENING/COST BENEFIT ANALYSIS

	F.2.4		REFERENCES

	F.3	ACRONYMS USED IN APPENDIX F


