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Table G-3.  (contd) 

Parameter NRC Staff Value Comments 

 I-132 

I-133 

I-134 

I-135 

H-3 

C-14 

Ar-41 

Cr-51 

Mn-54 

Co-58 

Co-60 

Fe-59 

Zn-65 

Sr-89 

Sr-90 

Zr-95 

Nb-95 

Mo-99 

Ru-103 

Sb-124 

Cs-134 

Cs-136 

Cs-137 

Ba-140 

Ce-141 

1.24 × 10
0
 

9.21 × 10
-1 

2.27 × 10
0
 

1.27 × 10
0
 

3.24 × 10
1 

1.43 × 10
1
 

3.78 × 10
-2

 

1.22 × 10
-3 

8.11 × 10
-4

 

1.35 × 10
-3 

1.35 × 10
-3 

1.35 × 10
-4 

8.11 × 10
-3

 

8.11 × 10
-3

 

2.70 × 10
-5

 

5.41 × 10
-5

 

8.11 × 10
-6 

2.70 × 10
-3 

6.76 × 10
-5

 

1.35 × 10
-4

 

2.70 × 10
-4

 

1.35 × 10
-4

 

1.35 × 10
-3

 

1.35 × 10
-2

 

1.35 × 10
-2

 

 

New unit gaseous effluent 
source term – radwaste building 
(Ci/yr)

(a)
 

Kr-89 

Xe-133 

Xe-135m 

Xe-135 

Xe-137 

Xe-138 

I-131 

I-132 

I-133 

I-134 

I-135 

Cr-51 

Mn-54 

Co-58 

1.76 × 10
1 

1.35 × 10
2 

3.24 × 10
2 

1.70 × 10
2 

5.14 × 10
1 

1.22 × 10
0 

9.19 × 10
-3 

8.11 × 10
-2 

5.95 × 10
-2 

1.49 × 10
-1 

8.38 × 10
-2

 

9.46 × 10
-4 

5.41 × 10
-3 

2.70 × 10
-4

 

Values from GEH ESBWR DCD 
Table 12.2-16 for a single unit 
(GEH 2010) and FSAR 
Table 12.2-206 (Detroit Edison 2012).  
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Table G-3.  (contd) 

Parameter NRC Staff Value Comments 

 Co-60 

Fe-59 

Zn-65 

Zr-95 

Nb-95 

Mo-99 

Ru-103 

Sb-124 

Cs-134 

Cs-137 

Ba-140 

Ce-141 

9.46 × 10
-3 

4.05 × 10
-4

 

4.05 × 10
-4

 

1.08 × 10
-3 

5.41 × 10
-6

 

4.05 × 10
-6

 

1.35 × 10
-6 

9.46 × 10
-5

 

3.24 × 10
-3 

5.41 × 10
-3 

5.41 × 10
-6 

9.46 × 10
-6

 

 

Population distribution Tables 2.5-10 and 2.5-12 
of the ER (Detroit 
Edison 2011) 

Population distribution used by 
Detroit Edison and the NRC staff was 
for year 2060.  Note that ESRP 
Section 5.4.1 requires use of 
“projected population for 5 years from 
the time of the licensing action under 
consideration.”  Assuming the ESRP 
licensing action occurred in year 
2010, adding 5 years yields 
year 2015.  See discussion of 
population dose in Section G.2.5. 

Wind speed and direction 
distribution 

Table 2.7-63 of the ER 
(Detroit Edison 2011) 

Site-specific data provided by Detroit 
Edison for time periods from 2003 to 
2007. 

Atmospheric dispersion factors 
(sec/cubic meter [m

3
]) 

Tables 2.7-87 through 
2.7-95 and Tables 2.7-108 
through 2.7-140 of the ER 
(Detroit Edison 2011) 

Site-specific data provided by Detroit 
Edison for time periods from both 
1985 to 1989 and 2003 to 2007. 

Ground deposition factors (m
-2

) Tables 2.7-87 through 
2.7-95 and Tables 2.7-108 
through 2.7-140 of the ER 
(Detroit Edison 2011) 

Site-specific data provided by Detroit 
Edison for time periods from both 
1985 to 1989 and 2003 to 2007. 

Milk production rate within a 
50-mi radius of the Fermi site 
(kg/yr) 

6.043 × 10
8
 Site-specific data from Table 5.4-3 

provided by Detroit Edison (2011). 

Vegetable/fruit production rate 
within a 50-mi radius of the 
Fermi site (kg/yr) 

9.689 × 10
9
 Site-specific data from Table 5.4-3 

provided by Detroit Edison (2011). 
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Table G-3.  (contd) 

Parameter NRC Staff Value Comments 

Meat production rate within a 
50-mi radius of the Fermi site 
(kg/yr) 

1.919 × 10
7
 Site-specific data from Table 5.4-3 

provided by Detroit Edison (2011). 

Pathway receptor locations 
(direction and distance) – 
nearest site boundary, vegetable 
garden, residence, meat animal, 
milk animal 

Tables 2.7-80 through 
2.7-86 of the ER (Detroit 
Edison 2011) 

Site-specific data provided by Detroit 
Edison (2011). 

Consumption factors for milk, 
meat, leafy vegetables, and 
vegetables 

Milk (L/yr) 

 310 (adult) 

 400 (teen) 

 330 (child) 

 330 (infant) 

Meat (kg/yr) 

 110 (adult) 

 65 (teen) 

 41 (child) 

 0 (infant) 

Leafy vegetables (kg/yr) 

 64 (adult) 

 42 (teen) 

 26 (child) 

 0 (infant) 

Vegetables (kg/yr) 

 520 (adult) 

 630 (teen) 

 520 (child) 

 0 (infant) 

Table 5.4-2 of the ER (Detroit 
Edison 2011) and Regulatory Guide 
1.109 (NRC 1977). 

Fraction of year that leafy 
vegetables are grown 

0.33 Site-specific value from Table 5.4-3 of 
the ER (Detroit Edison 2011). 

Fraction of year that milk cows 
are on pasture 

0.58 Site-specific value from Table 5.4-3 of 
the ER (Detroit Edison 2011). 

Fraction of year that goats are 
on pasture 

0.67 Site-specific value from Table 5.4-3 of 
the ER (Detroit Edison 2011) 

Fraction of MEI vegetable intake 
from own garden 

0.76 Default value of GASPAR II code 
(Strenge et al. 1987). 

Fraction of milk-cow intake that 
is from pasture while on pasture 

1 Default value of GASPAR II code 
(Strenge et al. 1987). 

Fraction of goat intake that is 
from pasture while on pasture 

1 Default value of GASPAR II code 
(Strenge et al. 1987). 
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Table G-3.  (contd) 

Parameter NRC Staff Value Comments 

Average absolute humidity over 
the growing season (g/m

3
) 

11 Site-specific value from the Detroit 
Edison (2011), Table 5.4-3. 

Average temperature over the 

growing season (°F) 

None Default value of GASPAR II code 
(Strenge et al. 1987). 

Fraction of year that beef cattle 
are on pasture 

0.58 Site-specific value from Table 5.4-3 of 
the ER (Detroit Edison 2011). 

Fraction of year of beef cattle 
intake that is from pasture while 
on pasture 

1 Default value of GASPAR II code 
(Strenge et al. 1987). 

(a) To convert Ci/yr to Bq/yr, multiply the value by 3.7 × 10
10

. 

40 CFR Part 190.  The NRC staff’s calculations for cumulative dose confirmed the Detroit 

Edison estimates (Detroit Edison 2011, Table 5.4-8). 

G.4 Dose Estimates to the Biota from Liquid and Gaseous 

Effluents 

To estimate doses to the biota from the liquid and gaseous effluent pathways, the NRC staff 

used the LADTAP II code (Strenge et al. 1986), the GASPAR II code (Strenge et al. 1987), and 

input parameters supplied by Detroit Edison in its ER (Detroit Edison 2011). 

G.4.1 Scope 

The NRC staff estimated the doses to biota other than human beings using surrogate species; 

using the characteristics of surrogate species to represent a range of species is an accepted 

methodology.  Fish, algae, and invertebrate species are used as surrogate aquatic biota 

species.  Muskrats, raccoons, herons, and ducks are used as surrogate terrestrial biota species.  

The staff recognizes the LADTAP II computer program as an appropriate method for calculating 

doses to the aquatic biota and for calculating the liquid-pathway contribution to terrestrial biota.  

The LADTAP II code calculates an internal dose component and an external dose component 

and sums them for a total body dose.  The NRC staff reviewed the input parameters used by 

Detroit Edison for appropriateness.  Default values from Regulatory Guide 1.109 (NRC 1977) 

were used when site-specific input parameters were not available.  The NRC staff concluded 

that all of the LADTAP II input parameters used by Detroit Edison were appropriate.  These 

parameters were used by the NRC staff in its independent calculations using LADTAP II. 

The LADTAP II code calculates only biota doses from the liquid effluent pathway.  Terrestrial 

biota could also be exposed via the gaseous effluent pathway.  The gaseous pathway doses 

would be the same as doses for the MEI calculated using the GASPAR II code.  Detroit Edison 
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(2011) used the MEI doses at 0.25 mi from the release point to estimate onsite biota exposures.  

To account for the greater proximity of the main body mass of animals to the ground as 

compared to that of humans, the biota calculation assumed a ground deposition factor twice that 

used in the human MEI calculation.  The gaseous pathway doses are summed and combined 

with the liquid pathway doses for the representative biota species.  The NRC staff used the 

same approach in its calculations with one exception.  The NRC staff included doses from 

ingestion of vegetation in the gaseous pathway estimates. 

G.4.2 Resources Used 

To calculate doses to the biota, the NRC staff used a PC version of the LADTAP II and 

GASPAR II computer codes entitled NRCDOSE Version 2.3.10 (Chesapeake Nuclear Services, 

Inc. 2008).  NRCDOSE was obtained through the Oak Ridge RSICC. 

G.4.3 Input Parameters 

The NRC staff used the input parameters for LADTAP II and GASPAR II specified in 

Sections G.2.3 and G.2.4 to calculate biota doses. 

G.4.4 Comparison of Results 

Table G-4 compares Detroit Edison’s biota dose estimates from liquid and gaseous effluents 

presented in the ER (Detroit Edison 2011, Table 5.4-9) with the NRC staff’s estimates.  The 

NRC staff’s dose estimates were slightly higher than Detroit Edison’s estimates for gaseous 

pathways because of the addition of the vegetation ingestion pathway. 
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Table G-4.  Comparison of Dose Estimates to Biota from Liquid and 

Gaseous Effluents for Fermi 3 

Biota Pathway 

Detroit Edison 
(2011, Table 5.4-9) 

(milliradian 
[mrad]/yr) 

NRC Staff 
Calculation 

(mrad/yr) 
Percent 

Difference 

Fish Liquid 2.31 2.31 0 

Gaseous
(a)

 NA NA – 

Muskrat Liquid 14.8 14.8 0 

Gaseous 11.15 12.7 12 

Raccoon Liquid 0.43 0.43 0 

Gaseous 11.15 12.7 12 

Heron Liquid 6.87 6.87 0 

Gaseous 11.15 12.7 12 

Duck Liquid 14.8 14.8 0 

Gaseous 11.15 12.7 12 

Algae Liquid 11.9 11.9 0 

Gaseous
(a)

 NA NA – 

Invertebrate Liquid 7.65 7.65 0 

Gaseous
(a)

 NA NA – 

(a) Fish, invertebrate species, and algae would not be exposed to gaseous effluents. 
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Appendix H 

 

Authorizations, Permits, and Certifications 

This appendix contains a list (Table H-1) of the environment-related authorizations, permits, and 

certifications potentially required by Federal, State, regional, local, and affected Native 

American Tribal agencies related to the combined license for the proposed Enrico Fermi Unit 3 

(Fermi 3).  The table is adapted from Table 1.2-1 of the Environmental Report (ER) submitted to 

the U.S. Nuclear Regulatory Commission (NRC) by the applicant, Detroit Edison Company 

(Detroit Edison).
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Appendix I 

 

Severe Accident Mitigation Alternatives 

I.1 Introduction 

The Detroit Edison Company (Detroit Edison) has submitted an application to construct a 

General Electric-Hitachi Nuclear Energy, LLC- (GEH-) designed Economic Simplified Boiling 

Water Reactor (ESBWR) at the Enrico Fermi Atomic Power Plant (Fermi) site.  Current policy 

developed after the Limerick decision (Limerick Ecology Action vs. NRC 1989) requires that the 

U.S. Nuclear Regulatory Commission (NRC) staff consider alternatives to mitigate the 

consequences of severe accidents in a site-specific environmental impact statement (EIS).  The 

severe accident mitigation alternative (SAMA) review presented here considers both severe 

accident mitigation design alternatives (SAMDAs) and procedural alternatives. 

In Title 10 of the Code of Federal Regulations (CFR), specifically 10 CFR 52.79(a)(38), the NRC 

requires that applicants for combined licenses (COLs) include “a description and analysis of 

design features for the prevention and mitigation of severe accidents” in the Final Safety 

Analysis Report (FSAR).  Detroit Edison provides this information in Part 2 of the COL 

application.  The Environmental Report (ER) (Part 3 of the COL application) also includes 

information regarding the SAMA analysis (Detroit Edison 2011). 

In 10 CFR 52.47(a)(23), the NRC requires that applications for a reactor design certification 

include “a description and analysis of design features for the prevention and mitigation of severe 

accidents….”  In addition, 10 CFR 52.47(a)(27) requires a description of a “plant-specific 

probabilistic risk assessment (PRA) and its results,” and in 10 CFR 52.47(b)(2) the NRC 

requires an Environmental Report (ER) that contains the information required by 10 CFR 51.55.  

GEH has submitted all this information in documents that are part of the application for 

certification of the ESBWR design.  Specifically, GEH has provided technical documents 

covering Revision 6 of the ESBWR PRA (GEH 2010a) and Revision 4 of the ESBWR SAMDA 

(GEH 2010b). 

The NRC staff conducted a review of the Detroit Edison SAMDA analysis specific to operation 

of an ESBWR at the Fermi site.  The staff reviewed the input parameters and values used by 

Detroit Edison (Detroit Edison 2011) for appropriateness, including information prepared by 

GEH in support of the ESBWR design certification.  The Detroit Edison analysis is based on 

(1) the Revision 4 PRA (GEH 2009) and SAMDA analysis (GEH 2007) for the ESBWR design 

certification, and (2) results of the analysis of probability-weighted risks of the ESBWR design at 

the Fermi site described in Section 5.11.2 of this EIS. 
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An analysis for an ESBWR at a generic site is presented first, and then the analysis is extended 

to include consideration of Fermi site-specific information.  These analyses have been updated 

by the NRC staff based on ESBWR PRA Revision 6 (GEH 2010a).  The SAMDA analysis for the 

proposed ESBWR design certification has been reviewed and accepted by the staff as part of 

the design certification process (76 FR 14437). 

I.2 ESBWR SAMDA Review – Generic Site 

This section addresses the generic analysis of SAMDAs conducted by GEH, the applicant for 

certification of the ESBWR design.  The SAMA review in Section I.3 extends the generic 

SAMDA analysis to include Fermi site-specific factors including meteorology, population, and 

land use.  Section I.3 also addresses SAMAs that were not included in the generic analysis 

because they do not involve reactor system design. 

I.2.1  ESBWR PRA and Consequence Results 

GEH, the applicant for certification of the ESBWR design, conducted Level 1, Level 2, and 

Level 3 PRAs to estimate the core damage frequencies (CDFs) and offsite risk consequences 

that might result from a large number of initiating events and accident sequences.  Table I-1 

lists these CDF estimates and estimates of the large release frequencies (LRFs).  Releases 

other than technical specification limits, when the containment is intact, are considered to be 

large.  Table I-1 also lists NRC staff goals related to CDFs and LRFs. 

Although this table does not provide quantitative estimates of CDFs and LRFs for fire, flood, and 

high-wind events during shutdown, they are discussed in ESBWR PRA Chapter 17 

(GEH 2010a).  Chapter 15 of the ESBWR PRA presents the results of a seismic margins 

analysis in which PRA methods are used to identify potential vulnerabilities in the design and so 

corrective measures can be taken to reduce risk.  Based on the design considerations, risks 

associated with the seismic events are considered to be insignificant by GEH. 

Chapter 10 of the ESBWR PRA Revision 6 (GEH 2010a) of the design certification application 

for the ESBWR design provides the results of Level 3 PRA in terms of an estimate of the offsite 

risk to the population within a 10-mi radius of a generic ESBWR location with conservative siting 

characteristics.  The baseline results of the PRA for internal events during full-power operation 

are presented and compared to the Commission’s individual and societal safety goals in 

Table I-2. 
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Table I-1.  Comparison of ESBWR PRA Results with the Design Goals 

 NRC Design Goal
(a) 

ESBWR PRA Results
(b) 

Event Type 

Core 
Damage 

Frequency
(per Ryr) 

Large 
Release 

Frequency 
(per Ryr) 

Core 
Damage 

Frequency 
(per Ryr) 

Large 
Release 

Frequency 
(per Ryr) 

Internal at-power events  1.0 ×10
-4 

1.0 × 10
-6 

1.7 × 10
-8 

1.4 × 10
-9 

At-power internal flood events 1.0 ×10
-4 

1.0 × 10
-6 

7.0 × 10
-9 

4.1 × 10
-9 

At-power fire events 1.0 ×10
-4 

1.0 × 10
-6 

1.3 × 10
-8 

1.6 × 10
-9 

At-power high-wind events 1.0 ×10
-4

 1.0 × 10
-6

 8.5 × 10
-8

 1.2 × 10
-9

 

Internal shutdown events 1.0 ×10
-4 

1.0 × 10
-6 

1.7 × 10
-8 

1.7 × 10
-8

 

(a) SECY-90-016 (NRC 1990). 

(b) From Chapter 17 of the ESBWR PRA Revision 6 (GEH 2010a). 

 
Table I-2.  Comparison of ESBWR PRA Results for a Generic Site with the 

Commission’s Safety Goals  

Goal Risk Goal 

ESBWR 
24 hours after 

Onset of 
Core Damage 

(ground 
release) 

ESBWR 
72 hours after 

Onset of 
Core Damage 

(elevated 
release) 

Safety Goal 
Achieved 

72 hours after 
the Onset of 

Core Damage 

Individual risk 
(0–1 mi) 

<3.9 × 10
-7

 
(0.1%) 

1.6 × 10
-10

 1.6 × 10
-10

 Yes 

Societal risk 
(0–10 mi) 

<1.7 × 10
-6

 
(0.1%) 

2.0 × 10
-11

 2.6 × 10
-11

 Yes 

Radiation dose
(a)

 
probability at 0.25 
Sv 
(0–0.5 mi) 

<10
-6

 2 × 10
-9

 2 × 10
-9

 Yes 

Source:  Table 10.4-2 of GEH 2010a 

(a) The values listed are radiation dose probability at 0.20 Sv, which is more bounding. 

These results indicate that the risk from severe accidents would be at least four orders of 

magnitude lower than the Commission’s safety goals (51 FR 30028). 

The ESBWR PRA Revision 6 includes values for all external events and shutdown modes 

except for seismic events.  Table 10.4.2 of the ESBWR PRA provides results for the external 

event and shutdown modes similar to those presented in Table I-2.  For example, the total 

individual risk from internal and external events, 24 hours after onset of core damage, at both 

power and shutdown, is approximately 1.8 x 10-8, which is less than the risk goal. 
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I.2.2 Potential Design Improvements 

In the ER submitted as part of the design certification application (GEH 2010b), GEH identified 

177 candidate alternatives based on a review of alternatives for other plant designs, including 

those considered in license renewal environmental reports and in the General Electric 

Advanced Boiling-Water Reactor (ABWR) SAMDA study (GE 1994), and on consideration of 

plant-specific enhancements.  The candidate alternatives were then screened to identify 

candidates for detailed evaluation.  The categories used in screening were as follows: 

  Not applicable 

  Already incorporated into the ESBWR design 

  Not a design alternative (not required for design certification) 

  Alternative prevention or mitigation functions extant 

  Very low benefit 

  Excessive implementation cost 

  Consideration for further evaluation. 

The development of the ESBWR design has benefitted from insights gained in numerous PRAs.  

The low CDFs and LRFs in Table I-1 are attributable to the implementation of improvements 

already incorporated into the design.  The following are examples of enhancement features 

currently included in the ESBWR design: 

  Improved isolation condenser system design 

  Depressurization valves 

  Alternating current (AC) independent fire water pumps for makeup and injection 

  Passive containment cooling system 

  Basemat internal melt arrest and coolability device and gravity-driven cooling system deluge 

function 

  Direct current (DC) power reliability 

  Actuation logic reliability 

  Motor-driven, feed-water pumps 

  Water pool elevation above drywell head elevation 

  Containment ultimate strength and maximum design pressure 

  Incorporation of flood mitigation into design 
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  Reactor water cleanup system heat exchanger sized for decay heat removal 

  72-hr coping period for station blackout 

  Upgraded low-pressure piping for the reactor coolant pressure boundary 

  Digital instrumentation and control systems. 

The screening process eliminated 40 candidate alternatives as being not applicable to the 

ESBWR design; 71 candidate alternatives were considered to be similar to those already 

included in the ESBWR design, and 27 candidate alternatives were identified as procedural or 

administrative rather than design alternatives (whose benefits were considered to be unlikely to 

exceed those alternatives evaluated relative to their potentially high costs).  Of the remaining 

39 candidate alternatives, 37 were ruled out for cases in which other design features already 

perform the proposed function or obviate its need, and 2 were considered to have very low 

benefit because their insignificant contribution to reducing risk did not outweigh their excessive 

implementation costs.  No candidate alternatives were identified for further evaluation. 

I.2.3 Cost-Benefit Comparison 

GEH used the cost-benefit methodology guidance in NUREG/BR-0184, Regulatory Analysis 

Technical Evaluation Handbook (NRC 1997), to calculate the maximum attainable benefit 

associated with completely eliminating all risk for the ESBWR. 

This methodology involves determining the net value for a SAMDA according to the following 

formula: 

Net Value = (APE + AOC + AOE + AOSC) – COE 

where: 

APE = present value of averted public exposure ($) 

AOC  = present value of averted offsite property damage costs ($) 

AOE  = present value of averted occupational exposure costs ($) 

AOSC = present value of averted onsite costs ($); this includes cleanup, decontamination, 

and long-term replacement power costs 

COE  = cost of enhancement ($). 

If the net value of a SAMDA is negative, the cost of implementing the SAMDA is larger than 

the benefit associated with the SAMDA, and it is not considered to be cost-beneficial. 

To assess the risk reduction potential for SAMDAs, GEH assumed that each design alternative 

would work perfectly to completely eliminate all severe accident risk from the events that were 

evaluated.  This assumption is conservative because it maximizes the benefit of each design 
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alternative.  GEH estimated the public exposure benefits for the design alternative on the basis 

of the reduction of risk expressed in terms of whole body person-rem per year received by the 

total population within a 50-mi radius of the generic ESBWR site. 

Table I-3 summarizes the GEH’s and NRC staff’s estimates of each of the associated cost 

elements.  The results are based on the approach, parameters, and data listed in 

NUREG/BR-0184.  GEH’s estimates in Table I-3 are based on the PRA Revision 5 CDF of 

1.12 × 10-7 per reactor-year (Ryr) (GEH 2010c), which are similar to those in PRA Revision 6 

(GEH 2010a).  (The total CDF in the Revision 4 PRA is 1.2 × 10-7 per Ryr [GEH 2009].)  The 

CDF is driven by high core damage frequencies from internal and high-wind events during 

shutdown.  GEH used the results from the ESBWR Level 3 PRA, namely, an offsite population 

dose risk of 0.035 Sv/Ryr and an offsite cost risk of $1931/Ryr based on input from the Electric 

Power Research Institute Advanced Light Water Reactor Utility Requirement Document 

(GEH 2010c). 

GEH provided the present value estimates for the various attributes using a 3 percent discount 

rate and the maximum parameter values provided in NUREG/BR-0184.  Revision 4 of 

NUREG/BR-0058, Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory Commission 

(NRC 2004), reflects the agency’s policy on discount rates.  NUREG/BR-0058 Revision 4 states 

that two sets of estimates should be developed:  one at 7 percent and one at 3 percent for 

sensitivity analysis.   

The monetary present value estimate for each risk attribute does not represent the expected 

reduction in risk resulting from a single accident; rather, it is the present value of a stream of 

potential losses extending over the projected lifetime of the facility (in this case, projected to be 

60 years).  Therefore, the estimate reflects the expected annual loss resulting from a single 

accident, the possibility that such an accident could occur at any time over the licensed life, and 

the effect of discounting these potential future losses to present value. 

GEH estimated the total present dollar value equivalent associated with complete elimination of 

severe accidents at a single ESBWR unit site to be $397,863 (see Table I-3 below).  Therefore, 

for any SAMDA to be cost-beneficial, the enhancement cost must be less than $397,863.  GEH 

assessed the capital cost associated with two design alternatives evaluated for the ESBWR.  

For both design alternatives, GEH stated that the implementation cost would be more than 

$1 million (GEH 2010b).  Based on the averted cost estimate of $397,863, GEH concluded that 

none of the SAMDA candidates are cost-beneficial, because any design change costs would far 

exceed this value.  
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Table I-3.  Summary of Estimated Averted Costs for a Generic Site 

 Present Value Estimate ($) 

Quantitative Attributes 

NRC Staff 
Best 

Estimate
(a)

 
GEH 

Maximum
(b)

 
NRC Staff 

Maximum
(c) 

Health 
Public 100,000

(d)  
194,740

 
197,720

(d)
 

Occupational 56 249 250 

Property 
Offsite 27,200

(d)
 53,720

 
53,770

(d) 

Onsite NA
(e) 

NA
 

NA
 

Cleanup and 
decontamination 

Onsite 
1710 4674 4060 

Replacement power  4520 144,480 148,020 

Total  133,486 397,863 403,820 

Source:  GEH 2010b 

(a) “Best estimate” is based on mean release frequency (from Revision 5 of the PRA), “best 
estimate” parameter values in NUREG/BR-0184, and 7 percent discount rate. 

(b) Maximum estimate is based on mean release frequency (from Revision 5 of the PRA), high 
or upper estimate parameter values in NUREG/BR-0184, and 3 percent discount rate. 

(c) NRC staff maximum is based on parameter values used in (b), and release frequency from 
Revision 5 of the PRA. 

(d) Estimated using the applicant-provided Electric Power Research Institute Advanced Light 
Water Reactor Utility Requirement Document, property damage, and the new release 
category frequencies (GEH 2010a). 

(e) NA = Not analyzed. 

Note:  PRA Revision 5 release frequencies are the same as those in PRA Revision 6. 

I.2.4 Staff Evaluation 

In 10 CFR 52.47(a)(27), the NRC requires that an applicant for design certification perform 

either a plant-specific or site-specific PRA.  The aim of this PRA is to seek improvements in the 

reliability of core and containment heat removal systems that are significant and practical.  The 

set of potential design improvements considered for the ESBWR includes those from generic 

boiling water reactor SAMA reports and from the ABWR design.  The ESBWR design already 

incorporates many design enhancements related to severe accident mitigation.  Such design 

improvements have resulted in a CDF that is about an order of magnitude less than that of the 

ABWR design.  For example, the ESBWR design can cope with a station blackout (SBO) for 

72 hr (i.e., no reliance on AC power for the first 72 hr), thus eliminating CDF sequences that 

contributed more than 40 percent of CDF in the ABWR design. 

GEH’s risk reduction estimates are based on mean values of release frequencies and 

maximum-estimate parameter values from NUREG/BR–0184, without consideration of 

uncertainties in CDF or offsite consequences.  Even though this approach is consistent with that 
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used in previous design alternative evaluations, further consideration of these factors could lead 

to significantly higher risk reduction values, given the extremely small CDF and risk estimates in 

the baseline PRA.  The uncertainties in CDF or in offsite radiation exposures are fairly large 

because key safety features of the ESBWR design are unique, and their reliability has been 

evaluated through analysis and testing programs rather than through operating experience.  

The NRC staff’s analyses of the total present value using the mean CDF and release 

frequencies from Revision 6 of the PRA and a 3 percent discount rate indicate a maximum 

value of about $403,820.  NRC staff notes that the estimated averted public exposure is a major 

contributor.  This arises from high release frequencies for internal and high-wind events during 

shutdown.  For events during shutdown, the analysis conservatively assumes that core damage 

scenarios will lead to large releases.  This is because, the containment is open during most of 

the shutdown period.   

The second major contributor to the present value estimate is replacement power costs.  The 

replacement power cost parameters recommended in NUREG/BR–0184 are based on a generic 

reactor operating at an average capacity factor of about 65 percent and on replacement energy 

costs in 1993 dollars,  The total present dollar value would be even higher if the annual 

replacement power cost was adjusted for a future energy cost increase and the capacity factor 

was increased to 90 percent, which is the design operating assumption for the ESBWR.  

However, GEH used a very conservative approach in estimating the replacement power cost.  

GEH selected the parameter that corresponds to the 3 percent discount rate for the net present 

value of replacement power for a single event recommended in NUREG/BR-0184.  Then GEH 

used this parameter as an input and estimated a new, more conservative net present value of 

the replacement power for a single event.  This approach resulted in a net present value of 

replacement power that is about a factor of ten higher than the value estimated in 

NUREG/BR-0184.  Even with this increase, which is more than what it would be if adjustments 

for the future energy cost increase and capacity factor were to be made, the present value 

estimate is still lower than the GEH’s $1 million minimum cost estimate for a SAMDA.  Also, the 

ESBWR CDF is very low on an absolute scale as compared to those of currently operating 

plants.  Moreover, in view of the features already incorporated in the ESBWR design and the 

margin between the cost of SAMDAs evaluated and their potential benefits, any increase in 

benefits due to increased replacement power costs would not be significant enough to cause 

any SAMDAs to become cost-beneficial.  Therefore, the NRC staff concludes that further 

evaluation of future energy cost and capacity factor increases is not warranted. 

GEH indicated that any of the potential design modifications considered would cost a minimum 

of $1 million to implement, as indicated above.  NRC staff considers the assertion of potential 

costs for the ESBWR acceptable, because it is reasonable to conclude that the cost of 

implementing (design, procurement, installation, testing, etc.) the design alternatives that were 

considered, such as constructing a building connected to the containment building or installing 

limit switches on all containment isolation valves, would far exceed GEH’s $1 million minimum 
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cost estimate.  Therefore, a minimum cost of $1 million is approximately 2.5 times the maximum 

benefit of $403,820.  The NRC staff concludes that no single modification would eliminate the 

total CDF and that none of the potential design modifications could be justified on the basis of 

cost-benefit considerations. 

I.3 Fermi Site-Specific SAMDA Review 

The discussion above evaluates SAMDAs for the ESBWR at a generic site.  The following 

discussion updates that evaluation to include consideration of Fermi site-specific factors, 

including meteorological conditions, population distribution, and land use.  It also updates the 

evaluation to include the results and the approach in PRA Revision 4 for the generic design.  

The last part of this discussion deals with SAMAs for procedures and training. 

I.3.1 Risk Estimates 

NRC staff evaluated the potential risks associated with severe accidents for an ESBWR by 

using Fermi site-specific data.  Detroit Edison provided a site-specific consequence analysis 

using the Revision 4 PRA CDF (Detroit Edison 2011).  Table 5-32 of this EIS, gives a population 

dose and a cost risk of 0.032 person-rem/Ryr and $110/Ryr, respectively, for the at-power 

internal events with a CDF of 1.7 × 10-8 per Ryr.  The total environmental risk associated with 

both shutdown and power operations, including consideration of internal events, fires, high 

winds, and floods, is provided in Table 5-33 of this EIS, which gives a total population dose and 

a cost risk of about 2.3 person-rem/Ryr and $4900/Ryr, respectively.  

I.3.2 Cost-Benefit Comparison 

In Section 7.3.2 of the ER (Detroit Edison 2011), Detroit Edison estimates the averted costs 

associated with eliminating all severe accident risks for an ESBWR at the Fermi site.  The 

analysis is an update of the GEH SAMDA analysis (GEH 2007) to include site-specific 

information.  Detroit Edison substituted population dose and offsite cost risks based on 2060 

population projections for the Fermi site for the population dose and offsite property costs in the 

GEH analysis. 

Detroit Edison provided a site-specific cost-benefit analysis using the Revision 4 PRA CDF 

(Detroit Edison 2011).  Detroit Edison provided an estimated total present dollar value 

equivalent associated with complete elimination of severe accidents at a single ESBWR unit site 

to range between $139,446 and $280,189 and concluded that no design changes would be 

cost-effective to implement (Detroit Edison 2011). 

NRC staff evaluated the risk reduction potential of design improvements for the ESBWR at the 

Fermi site based on the Detroit Edison’s risk reduction estimates for the various design 

alternatives, in conjunction with an assessment of the potential impact of uncertainties on the 
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results.  The staff performed the averted cost estimates with the parameters used by Detroit 

Edison and the upper bound values used in ESBWR SAMDA Revision 4 (GEH 2010b).  The 

results of both the Detroit Edison and the NRC estimates of averted costs are presented in 

Table I-4.  The NUREG/BR–0184 handbook provides two sets of parameters (best estimate and 

high estimate) for the parameters used in the calculations of the occupational dose after 

accident and during decontamination and cleanup, and for the replacement power costs.  The 

NRC staff’s maximum estimate is based on the use of “high or upper bound” estimated 

parameters in NUREG/BR-0184 and the ESBWR power rating of 1585 MW(e) that were used in 

ESBWR SAMDA Revision 4 (GEH 2010b).  The major contributor to this estimate is the use of 

the GEH’s high value for the long-term replacement power costs parameter for a 910-MWe 

“generic” reactor in NUREG/BR–0184.  The use of the GEH’s high value increases the 

replacement power costs by about a factor of 10 over the best estimate (see Table I-4, 

Columns 6 and 7).  As stated in Section I.2.4, this increase replacement power cost is well 

above any potential change for adjustments in the future energy cost increase and capacity 

factor.  

The NRC staff’s analyses of the total present value using the mean CDF and release 

frequencies from Revision 6 of the PRA and a 3 percent discount rate indicate a maximum 

value of about $422,000.  The NRC staff noted that any design modifications would be costly, 

and a single modification would not eliminate the total CDF.  On the basis of results presented 

in Table I-4, the NRC staff agreed with Detroit Edison’s conclusion that no design change would 

be cost-beneficial.  

1.3.3 Procedural and Training SAMAs 

The original list of 177 ESBWR SAMDAs included 27 candidate alternatives that were 

procedural or administrative in nature.  These items were eliminated from consideration 

because they did not involve design changes.  Examples of items removed from consideration 

for this reason are as follows: 

  Enhance procedural guidance for use of cross-tied component cooling or service water 

pumps. 

  Implement procedures for alignment of a spare diesel to shut down board after loss of offsite 

power and failure of diesel normally supplying it. 

  Emphasize steps in recovery of offsite power after an SBO. 

  Develop a severe weather conditions procedure. 

  Develop procedures for replenishing diesel fuel. 
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  Increase frequency for valve leak testing.  Improve inspection of rubber expansion joints on 

the main condenser. 

These candidate alternatives fall within the scope of the SAMA review that the NRC conducts as 

part of the environmental review of applications.  However, such SAMAs generally involve 

operational and training procedures that have not been developed for a reactor and are typically 

not developed until construction has been completed and the plant is approaching operation. 

The staff reviewed the candidate alternatives that were previously screened out because they 

did not involve design changes.  Because the maximum attainable benefit is so low, a SAMA 

based on procedures or training for an ESBWR at the Fermi site would have to reduce the CDF 

or risk to near zero to become cost-beneficial.  Based on its evaluation, the staff concludes that 

it is unlikely that any of the SAMAs based on procedures or training would reduce the CDF or 

risk that much.  Therefore, the staff further concludes it is unlikely that these SAMAs would be 

cost-effective. 

Detroit Edison states that it will consider the procedural and administrative SAMAs when it is 

developing its procedures, as long as they do not exceed the maximum averted cost.  Detroit 

Edison makes this statement through a commitment (COM ER 7.3-002) which states (Detroit 

Edison 2011): 

SAMA analysis to comply with 40 CFR 1502.16(h) shall be conducted of the 

administrative and procedural measures applicable to Fermi 3 and considered for 

implementation prior to fuel load if the associated cost does not exceed the maximum 

value associated with averting all risk of severe accidents. 

Based on this statement, the staff expects that Detroit Edison will consider risk insights and 

mitigation measures in the development of procedures and training; however, this expectation is 

not crucial to the staff’s conclusions because the staff already concluded procedural and 

training SAMAs would be unlikely to be cost-effective. 

I.4 Conclusions 

Based on the evaluation of the ESBWR PRA (GEH 2010a) and SAMDA analysis (GEH 2010b), 

the Fermi site-specific severe accident and SAMDA analysis (Detroit Edison 2011), and its own 

independent review, the staff concludes that there are no ESBWR SAMDAs that would be cost 

beneficial at the Fermi site.  The staff expects that Detroit Edison will use risk insights and 

mitigation measures in the development of procedures and training; however, this expectation is 

not crucial to the staff’s conclusions because the staff already concludes procedural and training 

SAMAs would be unlikely to be cost-effective.  
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U.S. Army Corps of Engineers  

Public Interest Review Factors and 

Detroit Edison’s Onsite Alternatives Analysis 

This appendix presents (1) a summary of the factors that are considered by the U.S. Army 

Corps of Engineers (USACE) in its public interest review of applications for a permit to perform 

regulated activities that would affect waters of the United States and (2) an onsite alternatives 

analysis prepared by Detroit Edison Company (Detroit Edison) to demonstrate that its proposed 

site layout chosen for the proposed new Enrico Fermi Unit 3 (Fermi 3) at the Enrico Fermi 

Atomic Power Plant (Fermi) site would minimize impacts to jurisdictional wetlands and waters of 

the United States.  These topics are addressed in Sections J.1 and J.2 of this appendix, 

respectively. 

J.1 Public Interest Review Factors 

As set forth in Title 33 of the Code of Federal Regulations (CFR) Part 320, a public interest 

review must be completed prior to any Department of the Army (DA) permit decision by the 

USACE.  The USACE decision on whether to grant or deny a permit is based, in part, on an 

evaluation of the probable impact of the proposed activity and its intended use on the public 

interest.  This evaluation is referred to as the “public interest review.”  The public interest review 

requires a careful weighing of all relevant factors in a particular case.  The specific weight of 

each factor is determined by its importance and relevance to the proposed project.  Some public 

interest review factors may be given greater weight, while others may not be relevant or as 

important based on project characteristics.  The USACE public notice (USACE 2011), the Draft 

EIS public comment process, DEIS public meetings, and the EIS public scoping process have 

been the primary methods used to solicit public comment on the project’s effect on public 

interest factors.  Full consideration and appropriate weight will be given to all comments, 

including those of Federal, State, and local agencies, and other experts on matters within their 

expertise.  The benefits and detriments of a project are balanced by considering effects on such 

public interest factors as conservation, economics, aesthetics, general environmental concerns, 

wetlands, historic properties, fish and wildlife values, flood hazards, floodplain values, land use, 

navigation, shore erosion and accretion, recreation, water supply and conservation, water 

quality, energy needs, safety, food and fiber production, mineral needs, considerations of 

property ownership, and, in general, the needs and welfare of the people.  The conditions, 

including compensatory mitigation, under which a proposal would be allowed to go forward, 
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would be developed and incorporated within the public interest review process to the extent that 

such conditions are found to be appropriate and practicable by the USACE.  However, only the 

measures required to confirm that the project is not contrary to the public interest may be 

required in this specific context.  This required public interest review ensures that a USACE 

permit decision reflects the National concern for both protection and utilization of important 

resources.  The public interest review described above can be found in 33 CFR 320.4 and will 

be completed by the USACE as part of its evaluation of the Fermi 3 proposal for a DA permit. 

J.2 Detroit Edison’s Onsite Alternatives Analysis and 
Proposed Least Environmentally Damaging Practicable 
Alternative (LEDPA) 

Activities involving the discharge of dredged or fill material into waters of the United States, 

including wetlands, typically require authorization from the USACE under Section 404 of the 

CWA.  The CWA Section 404(b)(1) Guidelines (40 CFR Part 230) (Guidelines) are the 

substantive criteria the USACE uses to determine a project activity’s environmental impact on 

aquatic resources attributable to the discharge of dredged or fill material.  Among other things, 

an applicant for a 404 permit must demonstrate to the USACE that proposed project-related 

dredge or fill activities satisfy the Guidelines and constitute the least environmentally damaging 

practicable alternative (LEDPA).  An applicant would typically conduct analyses of the impacts 

of its proposed actions involving dredge or fill discharges into waters of the United States and of 

alternatives to avoid and minimize impacts to identify a proposed LEDPA that still allows 

accomplishment of the overall project purpose and demonstrates compliance with the 

Guidelines.  As part of this process, an applicant would initially submit a conceptual plan to 

address the mitigation of any remaining unavoidable adverse impacts to aquatic resources that 

would still occur after all practicable avoidance and minimization measures were applied. 

Based on guidance provided by the USACE regarding Guidelines compliance, Detroit Edison 

conducted an onsite alternatives analysis to identify a practicable alternative that would avoid 

and minimize adverse impacts to waters of the United States.  This analysis includes Detroit 

Edison’s proposed LEDPA and is included at the end of this appendix (Appendix J).  USACE 

has not verified the adequacy of Detroit Edison’s proposed LEDPA at this time.  However, 

USACE is actively reviewing and coordinating with Detroit Edison regarding its proposed 

LEDPA.  USACE could potentially identify additional practicable avoidance and/or minimization 

measures during its evaluation that could result in the USACE-identified LEDPA having fewer 

adverse impacts on waters of the United States than Detroit Edison’s proposed LEDPA, as 

presented in its analysis.  Any subsequent changes to the proposed site plan and/or activities as 

a consequence of the USACE-identified LEDPA would result in fewer adverse impacts on 

waters of the United States than identified in the Final EIS.  
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To offset the Detroit Edison-identified unavoidable adverse impacts on aquatic resources as a 

result of its proposed LEDPA, Detroit Edison initially proposed a conceptual mitigation strategy 

that was included in Appendix K of the Draft EIS.  The USACE LRE-2008-00443-1-S11 public 

notice (USACE 2011) provided additional opportunity for public comment on Detroit Edison’s 

proposed LEDPA and concept mitigation strategy.  Detroit Edison subsequently refined its 

mitigation strategy, based on coordination with USACE, and produced the mitigation plan that is 

now contained in Appendix K of this Final EIS.  Detroit Edison’s mitigation plan proposes to 

compensate for the unavoidable loss of aquatic function on the Fermi site by reestablishing 

comparable aquatic functions at an offsite location at an average replacement ratio of 3:1.  The 

evaluation of alternative energy sources (e.g., power purchases, demand-side management, 

fossil-fuel alternatives, and renewable energy alternatives), alternative sites (Fermi, Belle River–

St. Clair, Greenwood, Petersburg, and South Britton), and system design alternatives (including 

heat dissipation and cooling system alternatives) are discussed in Chapter 9 of this EIS.   

Section 4 of Detroit Edison’s Joint Permit Application (Detroit Edison 2011), which presents their 

onsite alternatives analysis and proposed LEDPA determination, is provided in the remainder of 

this appendix. 
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Appendix K 

 

Detroit Edison’s Proposed Compensatory  

Mitigation Plan for Aquatic Resources 

This appendix presents Detroit Edison Company’s (Detroit Edison’s) proposed plan to 

compensate for its proposed unavoidable adverse impacts to aquatic resources associated with 

the building of Enrico Fermi Unit 3 (Fermi 3), as presented in its onsite alternatives analysis 

(Appendix J). 

Based on guidance provided by the U.S. Army Corps of Engineers (USACE) during pre-

application coordination regarding Clean Water Act Section 404(b)(1) Guidelines compliance, 

Detroit Edison conducted an onsite alternatives analysis (Detroit Edison 2011), contained in 

Appendix J, and identified its proposed least environmentally damaging practicable alternative 

(LEDPA) to avoid and minimize impacts on waters of the United States.  Since Detroit Edison’s 

proposed LEDPA would result in unavoidable adverse impacts to aquatic resources, Detroit 

Edison initially developed a conceptual-level mitigation strategy (Detroit Edison 2011) as a 

starting point to address the required compensatory mitigation for the unavoidable losses 

attributable to its LEDPA.  Detroit Edison’s proposed LEDPA and conceptual mitigation strategy 

were made available for public review and comment in Appendices J and K, respectively, of the 

Draft EIS.  The USACE LRE-2008-00443-1-S11 public notice ending January 23, 2012 

(USACE 2011), provided additional opportunity for public comment on both the proposed 

LEDPA and the conceptual mitigation strategy.   

As discussed in Appendix J, USACE is actively reviewing and coordinating with Detroit Edison 

regarding its proposed LEDPA.  This is part of the ongoing USACE process to identify and verify 

the USACE LEDPA and determine compliance with other restrictions of the Guidelines and 

public interest review.  Subsequent to the Draft EIS and USACE public notice, and based on 

USACE comments and coordination regarding its conceptual mitigation strategy, Detroit Edison 

refined and detailed its mitigation strategy and produced the proposed mitigation plan that is 

now contained in this appendix.  USACE is actively evaluating this proposed plan in conjunction 

with the proposed LEDPA.  The final mitigation plan must be approved by the District Engineer 

prior to USACE issuance of a permit for the proposed work related to the Fermi 3 project.  A 

USACE permit, if issued, would include special conditions that would state the compensatory 

mitigation requirements including the amount and type of compensatory mitigation; identify the 

responsible party for providing the compensatory mitigation; incorporate, by reference, the final  
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mitigation plan approved by the USACE District Engineer; and unless provided in the approved 

final mitigation plan, describe, for the compensatory mitigation project, the required financial 

assurances and long-term management provisions, plan objectives, required monitoring, and 

performance standards, which include Detroit Edison’s confirmation that the mitigation meets 

the Federal wetlands criteria as discussed in Section 1.1.3 of this EIS.  
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