
A Entergy System Energy Resources, Inc.
1340 Echelon Parkway
Jackson, MS 39286-1995

CNRO-2004-00047

July 22, 2004

U. S. Nuclear Regulatory Commission
Washington, DC 20555-0001
Attention: Document Control Desk

DOCKET: 52-009

SUBJECT:

REFERENCE:

Response to Request for Additional Environmental Information Related to
Early Site Permit Application (Partial Response No. 3)

1. System Energy Resources, Inc. (SERI) letter to USNRC - Early Site
Permit Application (CNRO-2003-00054), dated October 16, 2003.

2. USNRC letter to SERI - Request for Additional Information Related to
the Staff's Review of the Environmental Report for the Grand Gulf Early
Site Permit (ESP) Application (TAC No. MC1379), CNRI-2004-00007,
dated May 19, 2004.

3. SERI letter to USNRC - Response to Request for Additional
Environmental Information Related to Early Site Permit Application
(Partial Response No. 1) (CNRO-2004-00043), dated July 2, 2004

4. SERI letter to USNRC - Response to Request for Additional
Environmental Information Related to Early Site Permit Application
(Partial Response No. 2) (CNRO-2004-00045), dated July 19, 2004

CONTACT:

Name
Mailing Address

E-Mail Address
Phone Number

George A. Zinke
1340 Echelon Parkway
Jackson, MS 39213
qzinkeO~enterqv.com
601-368-5381

DOCUMENT COMPONENTS:

One (1) CD-ROM is included in this submission. The CD-ROM contains the following ten
(10) files:

001_ERRev-ldraft_7-21-2004.pdf, 210 KB, publicly available
002 Table 7.1-1_thru_7.1-28_Draft-Revl_7-21-04.pdf, 99 KB, publicly available
003_OldAerill.tif, 21153 KB, publicly available
004_OldAeril2.tif, 21467 KB, publicly available



CNRO-2004-00047 (C V
Page 2

005_OldAeril3.tif, 19299 KB, publicly available
006_OldAeril4.tif, 22001 KB, publicly available
007_OldAeril5.tif, 22336 KB, publicly available
008_OldAeril6.tif, 21384 KB, publicly available
009_Ref 7_Primefarmland listretyped.pdf, 91 KB, publicly available
010_ Ref 6 Defining Primefarmland webpg.pdf, 97 KB, publicly available

In the referenced May 19, 2004, letter (Reference 2) the U.S. Nuclear Regulatory Commission
requested additional information to support review of the SERI ESP Application. This letter
transmits information as outlined in Attachment 1 to this letter and includes responses to:

E2.5.3-1, E3.7-1, E4.1-2 (partial), E7.1-1, E7.1-2, E7.1-3, E7.1-4, E7.1-5, E7.1-6, E7.1-7,
and E7.1-8.

Responses to the following requests for additional information contained in Reference 2 will be
submitted at a later date:

E4.1-2, E7.2-1, E7.2-2, E7.2-3, E7.2-4, S2.1-1, S2.1-2

Should you have any questions, please contact me.

I declare under penalty of perjury that the foregoing is true and correct.
Executed on July 22, 2004.

Sincerely,

George A. Zinke
Project Manager
System Energy Resources Inc.

Enclosure: One CD-ROM
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Mr. W. A. Eaton (ECH) (wlo enclosure)
Mr. B. S. Mallett, Administrator, USNRC/RIV
Mr. J. H. Wilson, USNRC/NRRIDRIP/RLEP
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ATTACHMENT 1

SECTION 2.5.3, HISTORIC PROPERTIES

Request:

E2.5.3-1 General. Provide electronic (TIFF) copies of the aerial imagery for the
plant site (preconstruction of Unit 1, immediate post-construction, and recent).

Response:

(Supplemental Information) Three images were provided in the response contained in
cover letter Reference 3. This final response provides images during the construction
of GGNS Unit 1.

See files: 003 OldAerill.tif
004_OldAeril2.tif
005_OldAeril3.tif
006_OldAeril4.tif
007_OldAerilS.tif
008_OldAeril6.tif
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SECTION 3.7. POWER TRANSMISSION SYSTEM

Request:

E3.7-1 Sections 3.7 (Power Transmission Svstem), Section 5.1.2
(Transmission Corridors and Offsite Areas), and Section 5.6 (Transmission
System Impacts). Provide the right-of-way (ROW) management plan (including
ROW width) for the existing Grand Gulf transmission line corridors. The ROW
management plan for the existing system will be used to project impacts to
terrestrial ecological resources that could result from operation and maintenance of
transmission line corridors for the Grand Gulf ESP Facility. The ROW
management plan should include frequency and mode of corridor inspection,
vegetation control methods (herbicide, manual, mechanical) including frequency
and time of year employed, special provisions for herbicide use near surface water,
etc.

Response:

ROW management for the existing Mississippi transmission line corridors
(associated with the existing Grand Gulf electricity transmission) is the
responsibility of Entergy Mississippi, Inc. Information exchange between
regulated and non-regulated Entergy affiliates is subject to Entergy affiliate rules
(see response to RAI E 9.0-1 contained in cover letter Reference 3). SERI does
not have the requested information.
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SECTION 4.1, LAND-USE IMPACTS

Request:

E4.1-2 Section 4.1 of ER (Land Use Impacts). The following is stated:
"Review of the Claiborne County Soil Survey issued in 1963 and inquiry with the
Claiborne County Natural Resources Conservation Service (NRCS) indicates the
presence of soil types, which may be considered "Prime Farmland" at the GGNS
site (Reference 4). However, some exclusions apply. If land is frequently flooded
during the growing season or is already in or committed to urban development or
water storage, it is not considered "prime farmland" (References 4, 5, 6 and 7)."
References 4, 6, and 7 do not appear to be publicly available or are not cited
completely enough to permit acquiring them. During the site audit the applicant
indicated that these references would be made available:

4. United States Department of Agriculture, Soil conservation Service, in
Cooperation with the Mississippi Agricultural Experiment Station, "Claiborne
County Soil Survey," issued July 1963.
6. Carver, A.D. and J.E. Yahner, Defining Prime Agricultural Land and
Methods of Protection Purdue Cooperative Extension Service, AY-283.
7. United States Department of Agriculture, Soil Conservation Service, May
28, 1992, Obtained from the Claiborne County NRCS, Port Gibson, MS,
February 21, 2003.

Response:

(Partial Response) Attached are References 6 and 7.

See files: 009_Ref 7_Primefarmland list retyped.pdf
0 l 01 Ref 6 Defining Primefarmland webpg.pdf
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SECTION 7.1, DESIGN BASIS ACCIDENTS

Request:

E7.1-1 Section 7.1, p. 7.1-1. This section of the ER stated that:

"....doses from postulated design basis accidents are calculated for hypothetical
individuals, located at the closest point on the exclusion boundary for a two-hour
period..."

Verify that the statement should read "....for any two-hour period with greatest
EAB doses".

Verify that in Section 7.1.2 that for the Exclusion Area boundary "0-2 hours", that
this time period is also for any two-hour period with greatest EAB doses.

Response:

The doses presented in this section are based on the guidance provided in
Regulatory Guide 1.183 for the plant types that use the Alternate Source term
methodology. For these plants, the Exclusion Area Boundary dose is determined
using a sliding 2-hour dose window. The correct statement for these plants is "...
for any two-hour period with the greatest EAB doses". For the ABWR, doses were
based on TID-14844, and the EAB doses are calculated for the first two hours
post-accident. Section 7.1 and 7.1.2 will be revised to clarify this.

See file: 021 ERRev-ldraft 7-16-2004.pdf
[this file is included on the CD-ROM enclosed with cover letter
Reference 4]
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Attachment 1

Request:

E.7.1-2 Section 7.1.3, P. 7.1-2. This section of the ER stated that time-
dependent activities released to the environs were used in dose estimates and they
are provided in tables in Chapter 7 for certain design basis accidents (DBAs).
Provide time-dependent activities released to the environs in curies for all DBAs.
Please provide the references and the methodology used to determine the time-
dependent activity release values in these tables providing a sample dose
calculation. Also, please ensure the values in these tables appropriately reflect the
certified AP-O000 design x/Qs as discussed in RAI 7.1-4.

Response:

The time dependent releases were provided by the reactor vendors. The
methodology used to determine these releases is provided in the vendor's certified
design documents. Time dependent release activities in curies will be added for the
remaining design basis accidents evaluated in the ER. These new tables to be
added are:

TABLE 7.1-23:

TABLE 7.1-24:

TABLE 7.1-25:

TABLE 7.1-26:

TABLE 7.1-27:

TABLE 7.1-28:

AP1000 LOCKED ROTOR ACCIDENT

AP1000 CONTROL ROD EJECTION ACCIDENT - CURIES
RELEASED TO ENVIRONMENT BY INTERVAL - PRE-
EXISTING IODINE SPIKE

AP1000 STEAM GENERATOR TUBE RUPTURE
ACCIDENT - CURIES RELEASED TO ENVIRONMENT BY
INTERVAL - ACCIDENT INITIATED IODINE SPIKE

AP1000 STEAM GENERATOR TUBE RUPTURE
ACCIDENT - CURIES RELEASED TO ENVIRONMENT BY
INTERVAL - PRE-EXISTING IODINE SPIKE

AP1000 SMALL LINE BREAK ACCIDENT - CURIES
RELEASED TO ENVIRONMENT - ACCIDENT INITIATED
IODINE SPIKE

AP1000 DESIGN BASIS LOSS OF COOLANT ACCIDENT -
CURIES RELEASED TO ENVIRONMENT BY INTERVAL

For the AP 1000, the dose estimates were performed by using a ratio of the GGNS
ESP X/Q values to the AP1000 X/Q values. This same approach was used for the
ABWR LOCA. For the remaining ABWR events, the vendor did not, in general,
provide the low population zone doses. For these accidents, the isotopic releases
provided by the vendor were used to determine the offsite (EAB and LPZ) doses.
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For these ABWR accidents, the methodology used was based on TID-14844 as
shown below:

Whole Body Dose:

DWb=E DCFiwb*Q *X
Q

where:
DjXb = Whole Body Dose for Scenario j [Rem]
I)Cfi'b = Whole Body Dose Conversion Factor for Isotope i (Rem-m3/Ci-sec)
Qj = Released inventory of isotope i (Ci)
X/Q = EAB Atmospheric Dispersion Factor (sec/m3)

Thyroid Dose:

D th= DCF-thY * Qj *BR*.QX
Q

where:
Djh*y = Thyroid Dose for Scenarioj (Rem)
DCFU1'Y = Thyroid Dose Conversion Factor for Isotope i (Rem/Ci)
BR= Breathing Rate (m3/sec)

For the ACR-700, the TEDE doses were calculated as the sum of the committed
effective dose equivalent (CEDE) from inhalation and the deep dose equivalent
(DDE) from external exposure.

Refer to the responses to Requests E7.1-4 and E7.1-7 for discussion of the AP 1000
certified X/Q values used in the calculations.

See files: 001_ERRev-ldraft_7-21-2004.pdf
002_Table 7.1-1_thru_7.1-28_Draft-Revl_7-21-04.pdf
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Request:

E7.1-3 Section 7.1.3, P. 7.1-2. This section of the ER stated that the ABWR
accident evaluation (other than LOCA) used the alternative source term
methodology in accordance with Regulatory guide 1.183. Because the ABWR
design is certified with TID-14844 source team and with the radiological
consequence dose criteria in thyroid and whole body doses, provide a justification
for the use of the alternative source term methodology.

Response:

This section will be revised to clarify that the ABWR accident evaluations were
based on TID-14844. The results given Table 7.1-1 will be revised to give the
offsite doses in terms of thyroid and whole body doses. In addition, these results
will be revised to incorporate the updated GGNS ESP X/Q values generated using
2002 - 2003 meteorological data.

See files: 001 ERRev-ldraft_7-21-2004.pdf
002_Table 7.1-1_thru_7.1-28_Draft-Revl_7-21-04.pdf

Request:

E7.14 Section 7.1.3, P. 7.1-2. This section of the ER stated that the AP1000
accident evaluation used alternative source term methodology in accordance with
Regulatory guide 1.183. Westinghouse has revised its X/Qs in the API000 design
certification control document since submittal of the Grand Gulf ESP application.
Please use the certified X/Qs in the Westinghouse AP-1000 Design Control
Document and revise the site-specific doses and fission product releases for all
DBAs in ER Chapter 7 accordingly, or note that the AP 1000 values used in the ER
have been revised but the applicant has elected not to use the updated values in the
accident analyses.

Response:

The change in the Westinghouse API000 X/Qs is a result of ongoing revisions of
the APIOQO LOCA analysis. Since the AP1000 LOCA analysis is currently
undergoing review and may undergo additional changes in the future, SERI has
elected not to use the updated X/Q values in the accident analysis. However, the
results for the API000 design basis events will be revised based on the updated
GGNS ESP X/Q values generated using 2002-2003 meteorological data.

See files: 001 ERRev-1 draft_7-21-2004.pdf
002_Table 7.1-1_thru_7.1-28_Draft-Revl_7-21-04.pdf
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Request:

E7.1-5 Table 7.1-2. Provide x/Qs values used for evaluating the radiological
consequences for ACR-700 LOCA in Table 7.1-1.

Response:

The evaluation of the design basis accident for the ACR-700 was based on the
releases provided by the vendor and the GGNS ESP site specific x/Q values. The
GGNS site specific X/Q values will be updated using 2002-2003 meteorological
data.

See file: 001_ERRev-ldraft_7-21-2004.pdf

Request:

E7.1-6 Section 7.1.3, P. 7.1-2. This section of the ER stated that the reactor
accident source term for the ACR-700 design uses a non-mechanistic approach
based on TID-14844 and they are provided by the reactor vendor. Provide the
reactor accident source term used for the ACR-700 design.

Response:

The design basis accident releases for the ACR-700 are given in Table 7.1-17.

See file: 002_Table 7.1-1_thru_7.1-28_Draft-Revl_7-21-04.pdf
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Request:

E7.1-7 Table 7.1-1. This table summaries the resulting doses at the ESP site for
postulated design basis accidents using the AP-1000, the ABWR, and the ACR-
700 as surrogate reactor designs. Please update the table for each design basis
accidents to include 1) AP-1000, ABWR, and ACR-700 x/Qs values and doses
used for the EAB and LPZ, and 2) the ratios of site-specific x/Qs to design
certification x/Qs used.

Response:

As stated in response to question E7.1-2, the AP-I000 was the only reactor design
for which a ratio of the X/Qs was used to determine the GGNS offsite doses. For
the AP-I000 design, the X/Q's used are as listed below:

AP-1000 Atmospheric Dispersion Factors
Atmospheric Dispersion EAB=0.5 ml

(CHIIQ) (Accident) j LPZ=2 ml

0-2 hr @ EAB 6.0 E-4 sec/rM
3

0-8 hr @ LPZ 1.35 E-4 sec/rM
3

8-24 hr @ LPZ 1.0 E-4 sec/rM
3

1-4 day @ LPZ 5.4 E-5 sec/rm3

4-30 day @ LPZ 2.2 E-5 sec/rM
3

The GGNS site specific X/Q values used for the ESP are given in the ER in
Section 2.7.6.2. (Also see responses for RAI E2.7-1 through 2.7-10 in cover letter
Reference 4)

Request:

E7.1-8 Various Chapter 7. Several tables in ER Chapter 7 present doses for
ABWR design basis accidents in total effective dose equivalent (TEDE) units.
Please revise these tables to show doses in thyroid and whole body doses, because
the General Electric ABWR design is certified with the thyroid and whole body
doses.

Response:

The Chapter 7 tables will be revised to present the offsite doses in terms of thyroid
and whole body doses based on the updated GGNS ESP X/Q values using 2002-
2003 meteorological data.

See file: 002_Table 7.1-1_thru_7.1-28_Draft-Revl_7-21-04.pdf
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7.0 ENVIRONMENTAL IMPACTS OF POSTULATED ACCIDENTS INVOLVING
RADIOACTIVE MATERIALS

7.1 Design Basis Accidents

The purpose of this section is to review and analyze a robust spectrum of design basis
accidents (DBAs) which bracket post-accident radiological consequences for the reactor or
reactors considered for the Grand Gulf Nuclear Station (GGNS) site, to demonstrate that a
reactor or reactors could be sited at the GGNS ESP Site without undue risk to the health and
safety of the public. The safety assessment required by 10 CFR 52.17(a)(1) addresses the
acceptability of the site under the radiological consequence evaluation factors identified in
§50.34(a)(1). Pursuant to 10 CFR 50.34(a)(1), doses from postulated design basis accidents
are calculated for hypothetical individuals, located at the closest point on the exclusion area
boundary for a two-hour period (any two-hour period with the greatest EAB doses is used for
proposed plants that utilize the Alternate Source Term methodology), and at the outer radius of
the low population zone for the course of the accident. Bounding reactor source terms along
with site-specific atmospheric dispersion characteristics were used. The selection of accidents
evaluated, the conservative source terms used, and use of site-specific meteorology, serve to
demonstrate the acceptability of the site with regards to the environmental impact related to off-
site dose consequences.

7.1.1 Selection of Design Basis Accidents

A set of postulated accidents was analyzed to demonstrate that a reactor or reactors bounded
by parameters defined herein can be operated on the GGNS ESP Site without undue risk to the
health and safety of the public. The set of accidents was selected to cover a range of events in
Regulatory Guide 1.183 (Reference 6) and NUREG-1555 for various reactor types. Evaluation
of this set of accidents provides a basis for establishing site suitability. It is not the intent, nor is
it strictly possible, to analyze all possible accidents for each of the reactor types identified in the
ESP SSAR Section 1.3. The set of accidents chosen considers those with potential bounding
impact, as well as accidents of lesser impact but greater frequency. The bounding accidents
selected focus, for the most part, on the LWR designs because they have certified standard
designs, and have accepted postulated accident bases.

The representative range of DBAs for the boiling water reactor (BWR), pressurized water
reactor (PWR), and other designs include:

* Main Steam Line Breaks (PWRIBWR)

* Reactor Coolant Pump Locked Rotor (PWR)

* Control Rod Ejection (PWR)

* Control Rod Drop (BWR)

* Small Line Break Outside Containment (PWR/BWR)

* Steam Generator Tube Rupture - SGTR (PWR)

* Loss of Coolant Accident - LOCA (PWR/BWRIACR)

* Fuel Handling Accident - FHA (PWR/BWR)

These accidents include those identified in NUREG-1 555, Chapter 7.1 Appendix A as important
for assessing the offsite dose consequences.

Page 7. 1-1 Draft Rev. 1, July 21, 2004 |
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7.1.2 Evaluation of Radiological Consequences

Doses for selected DBAs were evaluated at the exclusion area boundary (EAB) and low
population zone (LPZ) boundary. These doses must meet the site acceptance criteria of 10 CFR
50.34 and 10 CFR 100. Although the emergency safeguard features are expected to prevent
core damage and mitigate releases of radioactivity, the surrogate LOCAs analyzed presume
substantial meltdown of the core with the release of significant amounts of fission products. For
higher frequency accidents, the more restrictive dose limits in Regulatory Guide 1.183
(Reference 6) and NUREG-0800 were used to ensure that the accident doses were acceptable
from an overall risk perspective. Where appropriate, the accident doses are expressed as a total
effective dose equivalent (TEDE), consistent with 10 CFR 50.34. The TEDE consists of the sum
of the committed effective dose equivalent (CEDE) from inhalation and the deep dose
equivalent (DDE) from external exposure. The CEDE is determined using dose conversion
factors in Federal Guidance Report 11 (US EPA, 1993). The DDE is taken as the same as the
effective dose equivalent from external exposure and the dose conversions in Federal Guidance
Report 12 (US EPA, 1993a) are applied.

The accident dose evaluations were performed using 0.5 percentile direction dependent
atmospheric dispersion (X/Q) values for the EAB and LPZ which are based on onsite
meteorological data (Section 2.7). The 0.5 percentile direction dependent XIQ values were used
instead of the less conservative (more realistic) 50'h percentile values normally applied in
environmental report evaluations for two reasons. Firstly, use of the 0.5 percentile XIQ values
provides more conservative offsite dose results. Secondly, the use of the 0.5 percentile X/Q
values allows the dose evaluation results to be used in the safety analysis report which requires
the use of more conservative site XIQ values. The site specific XIQ values are presented in
Table 2.7-115 (EAB) and Table 2.7-116 (LPZ). The accident dose estimates were performed
using XIQ and activity releases for the following intervals:

Exclusion Area Boundary (EAB)

- 0 to 2 hours (any two-hour period with the greatest EAB doses is used for proposed
plants that utilize the Alternate Source Term methodology),

Low Population Zone (LPZ)

- 0 to 8 hours

- 8 to 24 hours

- 1 to 4 days

- 4 to 30 days

7.1.3 Source Terms

Time-dependent activities released to the environs were used in the dose estimates, except for
the ABWR design basis LOCA. These activities are based on the analyses used to support the
reactor vendor's standard safety analysis reports. The released activities account for the reactor
core source term and accident mitigation features in the reactor vendor's standard plant designs
for certified reactor designs, or as specified by the reactor vendor for non-certified reactor
designs. The Advanced BWR' (ABWR) source term and releases are based on TID-14844. The

1 The NRC certified the ABWR design in 1997 (10 CFR Part 52, Appendix A).

Page 7.1-2 Draft Rev. 1, July 21,2004 |
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AP10002 PWR source term and accident analyses approaches are based on the AST
methodology in accordance with Regulatory Guide 1.183. The International Reactor Innovative
And Secure (IRIS) advanced reactor source term information is preliminary, and based on
vendor information the AP600/AP1000 LOCA source terms and releases are expected to bound
the worst-case accident release for this advanced reactor concept.

The advanced gas reactor designs (Gas Turbine - Modular Helium Reactor (GT-MHR) and
Pebble Bed Modular Reactor (PBMR)) use mechanistic accident source terms and postulate
relatively small environmental releases compared to the water-cooled reactor technologies. The
light-water-cooled, heavy-water moderated, Advanced CANDU Reactor, ACR-7003, design uses
a non-mechanistic approach based on TID-14844. The source terms and activity releases to the
environment are specified by the reactor vendors for these reactor types. Of these advanced
reactor designs, the ACR-700 was judged to have the most limiting DBA release.

7.1.4 Postulated Accidents

This section identifies the DBAs, the resultant activity release paths, the important accident
parameters and assumptions, and the credited mitigation measures used in the offsite dose
estimates. A summary of the accident doses and the associated NRC dose limit guidelines are
provided in Table 7.1-1.

7.1.4.1 Main Steam Line Break Outside Containment (AP1000)

The bounding AP1000 main steam line break for offsite radiological dose consequences occurs
outside containment. The AP1000 is designed so that only one steam generator experiences an
uncontrolled blowdown even if one of the main steam line isolation valves fails to close.
Feedwater is isolated after rupture, and the faulted generator dries out. The secondary side
inventory of the faulted steam generator is assumed to be released to the environs along with
the entire amount of iodine and alkali metals contained in the secondary side coolant.

The reactor is assumed to be cooled by steaming down the intact steam generator. Activity in
the secondary side coolant and primary to secondary side leakage contributes to releases to the
environment from the intact generator. During the event, primary to secondary side leakage is
assumed to increase from the Technical Specification limit of 150 gpd per steam generator to
500 gpd (175 Ibm/hour) per steam generator for the intact and faulted steam generators.

The alkali metals and iodines are the only significant nuclides released during a main steam line
break. Noble gases are also released; however, there would be no significant accumulations of
the noble gases in the steam generators prior to the accident since they are rapidly released
during normal service. Noble gases released during the accident would primarily be due to the
increase in primary to secondary side leakage assumed during the event. Reactor coolant
leakage to the intact steam generator would mix with the existing inventory and increase the
secondary side concentrations. This effect would normally be offset by alkali and iodine
partitioning in the generator. However, for conservatism, the calculated activity release assumes

2 The AP1000 design was submitted to the NRC for certification review in March 2002; the NRC
review is in progress. The AP1000 standard plant design is based closely on the AP600 design
that received NRC certification in December 1999.

3 AECL have requested the NRC to conduct a pre-application review of the ACR-700 design in
June 2002. That review is in progress.
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the primary to secondary side activity in the intact generator is also leaked directly to the
environment. The calculated doses are based on activity releases that assume:

* Duration of accident - 72 hours

* Steam generator initial mass - 3.03E+5 Ibm

* Primary to secondary leak rate - 175 lb/hour in each generator

* Steam generator initial iodine and alkali metal activities - 10 percent of design basis
reactor coolant concentrations at maximum equilibrium conditions

* Reactor coolant alkali activity - 0.25 percent design basis fuel defect inventory

* Reactor coolant noble gas activity - limit of 280 microcurie per gram (gLCi/g) dose
equivalent Xe-1 33

* Accident initiated iodine spike - 500 times the fuel release rate that occurs when the
reactor coolant equilibrium activity is 1.0 g.Ci/g dose'equivalent lodine-131

* Pre-existing iodine spike - reactor coolant at 60 pCi/g dose equivalent lodine-131

* Fuel damage - none

The vendor calculated time-dependent offsite dose releases for a representative site (Reference
2). The GGNS ESP-site-specific doses were calculated using the atmospheric dispersion (X/Q)
values given in Table 2.7-115 (EAB) and Table 2.7-116 (LPZ). The TEDE doses for the
accident-initiated iodine spike are shown in Table 7.1-2. The doses at the EAB and LPZ are a
small fraction of the 25 rem TEDE of 10 CFR 50.34. A small fraction is defined, in NUREG-0800
Standard Review Plan 15.0.1 and Regulatory Guide 1.183 (Reference 6), as 10 percent or less
of the 25 rem TEDE. The doses for the pre-existing iodine spikes are shown in Table 7.1-3.
These doses meet the 25 rem TEDE guideline of 10 CFR 50.34.

7.1.4.2 Main Steam Line Break Outside Containment (ABWR)

The ABWR main steam line break outside containment assumes that the largest steam line
instantaneously ruptures outside containment downstream of the outermost isolation valve. The
plant is designed to automatically detect the break and initiate isolation of the faulted line. Mass
flow would initially be limited by the flow restrictor in the upstream reactor steam nozzle and the
remaining flow restrictors in the three unbroken main steam lines feeding the downstream end
of the break. Closure of the main steam isolation valves would terminate the mass flow out of
the break.

No fuel damage would occur during this event. The only sources of activity are the
concentrations present in the reactor coolant and steam before the break. The mass releases
used to determine the activity available for release presume maximum instrumentation delays
and isolation valve closing times. Iodine and noble gas activities in the water and steam masses
discharged through the break are assumed to be released directly to the environs without hold-
up or filtration. The calculated doses are based on activity releases that assume:

* Duration of accident - 2 hours

* Main steam isolation valve closure - 5 seconds

* Mass release from break - steam 12,870 kilograms; water 21,950 kilograms
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* Reactor coolant maximum equilibrium activity - corresponding to an offgas release rate
of 100,000 pCi/s referenced to a 30 minute decay

* Pre-existing iodine spike - corresponding to an offgas release rate of 400,000 pCi/s
referenced to a 30 minute decay

* Fuel damage - none

The vendor calculated time-dependent radionuclide releases for a main steam line break
outside the containment. The GGNS ESP-site-specific doses were calculated using the XIQ
values given in Table 2.7-115 (EAB) and Table 2.7-116 (LPZ). The activity released to the
environment for the maximum activity and pre-existing iodine spike is shown in Table 7.1-4. The
calculated doses for the maximum allowed equilibrium activity at full power operation are shown
in Table 7.1-5. For this case, the doses at the EAB and LPZ are a small fraction of the 25 rem
TEDE guidelines of 10 CFR 50.34 in accordance with NUREG-0800 Standard Review Plan
15.6.4. The calculated doses for the pre-existing iodine spike are shown in Table 7.1-6. The
doses at the EAB and LPZ are within the 25 rem TEDE guideline of 10 CFR 50.34.

7.1.4.3 Reactor Coolant Pump Locked Rotor (AP1000)

The AP1000 locked rotor event is the most severe of several possible decreased reactor
coolant flow events. This accident is postulated as an instantaneous seizure of the pump rotor in
one of four reactor coolant pumps. The rapid reduction in flow in the faulted loop causes a
reactor trip. Heat transfer of the stored energy in the fuel rods to the reactor coolant causes the
reactor coolant temperature to increase. The reduced flow also degrades heat transfer between
the primary and secondary sides of the steam generators. The event can lead to fuel cladding
failure resulting in an increase of activity in the coolant. The rapid expansion of the coolant in
the core combined with decreased heat transfer in the steam generator causes the reactor
coolant pressure to increase dramatically.

Cool down of the plant by steaming off the steam generators provides a pathway for the release
of radioactivity to the environment. In addition, primary side activity, carried over due to leakage
in the steam generators, mixes in the secondary side and becomes available for release. The
primary side coolant activity inventory increases due to postulated failure of some of the fuel
cladding with the consequential release of gap fission product inventory to the coolant. The
significant releases from this event are the iodines, alkali metals, and noble gases. No fuel
melting occurs. The calculated doses are based on activity releases that assume:

* Duration of accident - 1.5 hours

* Steam released - 6.48E+05 Ibm

* Primary/secondary side coolant masses - 3.7E+05 Ibm/6.06E+05 Ibm

* Primary to secondary leak rate - 350 Ibm/hour

* Steam generator initial iodine and alkali metal activities - 10 percent of design basis
reactor coolant concentrations at maximum equilibrium conditions

* Reactor coolant alkali activity - 0.25 percent design basis fuel defect inventory

* Reactor coolant noble gas activity - limit of 280 pCi/g dose equivalent Xe-1 33

* Pre-existing iodine spike - reactor coolant at 60 pCi/g dose equivalent lodine-131
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* Fission product gap activity fractions - Regulatory Guide 1.183 (Reference 6),
Regulatory Position C.3.2

* Fraction of fuel gap activity released - 0.16

* Partition coefficients in steam generators - 0.01 for iodines and alkali metals

* Fuel damage - none

The pre-existing iodine spike has little impact since the gap activity released to the primary side
becomes the dominant mechanism with respect to offsite dose contributions. The vendor
calculated time-dependent offsite dose releases for a representative site. The activity released
to the environment is shown in Table 7.1-23. The GGNS ESP-site-specific doses were
calculated using the XIQ values given in Table 2.7-115 (EAB) and Table 2.7-116 (LPZ). The
TEDE doses for the locked rotor accident are shown in Table 7.1-7. These doses are a small
fraction of the 25 rem TEDE guidelines of 10 CFR 50.34.

7.1.4.4 Control Rod Ejection (AP1000)

This AP1000 accident is postulated as the gross failure of one control rod mechanism pressure
housing resulting in ejection of the control rod cluster assembly and drive shaft. The failure
leads to a rapid positive reactivity insertion potentially leading to localized fuel rod damage and
significant releases of radioactivity to the reactor coolant.

Two activity release paths contribute to this event. First, the equilibrium activity in the reactor
coolant and the activity from the damaged fuel are blown down through the failed pressure
housing to the containment atmosphere. The activity can leak to the environment over a
relatively long period due to the containment design basis leakage. Decay of radioactivity occurs
during hold-up inside containment prior to release to the environs.

The second release path is from the release of steam from the steam generators following
reactor trip. With coincident loss of offsite power, additional steam must be released in order to
cool down the reactor. The steam generator activity consists of the secondary side equilibrium
inventory plus the additional contributions from reactor coolant leaks in the steam generators.
The reactor coolant activity levels are increased for this accident since the activity released from
the damaged fuel mixes into the coolant prior to being leaked to the steam generators. The
iodines, alkali metals, and noble gases are the significant activity sources for this event. Noble
gases entering the secondary side are quickly released to the atmosphere via the steam
releases through the atmospheric relief valves. A small fraction of the iodines and alkali metals
in the flashed part of the leak flow are available for immediate release without benefit of
partitioning. The unflashed portion mixes with secondary side fluids where partitioning occurs
prior to release as steam.

The dose consequence analyses are performed using guidance in Regulatory Guides 1.77
(Reference 10) and 1.183 (Reference 6). The calculated doses are based on activity releases
that assume:

* Duration of accident - 30 days

* Steam released - 1.80E+05 Ibm

* Secondary side coolant mass - 6.06E+05 Ibm

* Primary to secondary leak rate - 350 Ibm/hour
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* Containment leak rate - 0.1 percent per day

* Steam generator initial iodine and alkali metal activities - 10 percent of the design basis
reactor coolant concentrations at maximum equilibrium conditions

* Reactor coolant alkali metal activity - 0.25 percent design basis fuel defect inventory

* Reactor coolant noble gas activity - limit of 280 ttCi/g dose equivalent Xe-1 33

* Pre-existing iodine spike - reactor coolant at 60 pCi/g dose equivalent lodine-131

* Fraction of rods with cladding failures - 0.10

* Fission product gap activity fractions:

; lodines 0.10

> Noble gases 0.10

> Alkali metals 0.12

* Fraction of fuel melting - 0.0025

* Activity released from melted fuel:

> lodines 0.5

r Noble gases 1.0

* Iodine chemical form - per Regulatory Guide 1.183 (Reference 6), Regulatory Position
C.3.5

* Containment atmosphere activity removal - elemental 1.7/hour; particulate iodine and
alkali metals 0.1/hour

* Partition coefficients in steam generators - 0.01 for iodines and 0.001 for alkali metals

The pre-existing iodine spike has little impact since the gap activity released from the failed
cladding and melted fuel become the dominant mechanisms contributing to the radioactivity
released from the plant. The activity released to the environment is shown in Table 7.1-24. The
vendor calculated the time-dependent offsite doses for a representative site. The GGNS ESP-
site-specific doses were calculated using the XIQ values given in Table 2.7-115 (EAB) and
Table 2.7-116 (LPZ). The TEDE doses for the control rod ejection accident are shown in Table
7.1-8. These doses are well within the 25 rem TEDE guidelines of 10 CFR 50.34. NUREG-0800
Standard Review Plan 15.4.8 defines "well within" as 25 percent or less of the applicable limits.

7.1.4.5 Rod Drop Accident (ABWR)

The design of the ABWR fine motion control rod drive system includes several new unique
features compared with current BWR locking piston control rod drives. The new design
precludes the occurrence of rod drop accidents in the ABWR. No radiological consequence
analysis is required.

7.1.4.6 Steam Generator Tube Rupture (AP1 000)

The AP1000 steam generator tube rupture accident assumes the complete severance of one
steam generator tube. The accident causes an increase in the secondary side activity due to
reactor coolant flow through the ruptured tube. With the loss of offsite power, contaminated
steam is released from the secondary system due to turbine trip and dumping of steam via the
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atmospheric relief valves. Steam dump (and retention of activity) to the condenser is precluded
due to assumption of loss of offsite power. The release of radioactivity depends on the primary
to secondary:leakage rate, the flow to the faulted steam generator from the ruptured tube, the
percentage 6f defective fuel in the core, and the duration/amount of steam released from the
steam generators.

The radioiodines, alkali metals, and noble gases are the significant nuclide groups released
during a steam generator tube rupture accident. Multiple release paths are analyzed for the tube
rupture accident. The noble gases in the reactor coolant enter the ruptured steam generator and
are available for immediate release to the environment. In the intact loop, iodines and alkali
metals leaked to the secondary side during the accident are partitioned as the intact steam
generator is steamed down until switchover to the residual heat removal system occurs. In the
ruptured steam generator, some of the reactor coolant flowing through the tube break flashes to
steam while the unflashed portion mixes with the secondary side inventory. lodines and alkali
metals in the flashed fluid are not partitioned during steam releases while activity in the
secondary side of the faulted generator is partitioned prior to release as steam. The calculated
doses are based on activity releases that assume:

* Duration of accident - 24 hours

* Total flow through ruptured tube - 3.85E+05 Ibm

* Steam release from faulted steam generator - 3.32E+05 pound mass

* Steam released from the intact generator - 1.42E+06 pound mass

* Steam release duration - 13.2 hours

* Primary/secondary side initial coolant masses - 3.8E+05 Ibm/3.7E+05 Ibm

* Primary to secondary leak rate - 175 Ibm/hour in the intact steam generator

* Reactor coolant noble gas activity - limit of 280 pCi/g dose equivalent Xe-133

* Reactor coolant alkali activity - 0.25 percent design basis fuel defect inventory

* Steam generator initial iodine and alkali metal activities - 10 percent of design basis
reactor coolant concentrations at maximum equilibrium conditions

* Pre-existing iodine spike - reactor coolant at 60 tLCi/g dose equivalent lodine-131

* Accident initiated iodine spike - 335 times the fuel release rate that occurs when the
reactor coolant equilibrium activity is 1.0 gCi/g dose equivalent Iodine-131

* Partition coefficients in steam generators - 0.01 for iodines and alkali metals

* Offsite power and condenser - lost on reactor trip

* Fuel damage - none

The activity released to the environment for an accident initiated iodine spike and a pre-existing
iodine spike are given in Table 7.1-25 and Table 7.1-26, respectively. The vendor calculated the
time-dependent offsite doses for a representative site. The GGNS ESP-site-specific doses were
calculated using the X/Q values given in Table 2.7-115 (EAB) and Table 2.7-116 (LPZ). The
TEDE doses for the steam generator tube rupture accident with the accident-initiated iodine
spike are shown in Table 7.1-9. The doses at the EAB and LPZ are a small fraction of the 25
rem TEDE guidelines of 10 CFR 50.34 as per NUREG-0800, Standard Review Plan 15.6.3. The
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pre-existing iodine spike doses are shown in Table 7.1-10. These doses are within the 25 rem
TEDE guidelines of 10 CFR 50.34.

7.1.4.7 Failure of Small Lines Carrying Primary Coolant Outside Containment (AP1000)

Small lines carrying reactor coolant outside the AP1000 containment include the reactor coolant
system sample line and the chemical and volume control system discharge line to the radwaste
system. These lines are not continuously used.

The discharge line flow (about 100 gpm) leaving containment is cooled below 140 degrees F
and has been cleaned by the mixed bed demineralizer. The reduced iodine concentration and
low flow and temperature make this break non-limiting with respect to offsite dose
consequences.

The reactor coolant system sample line break is the more limiting break. This line is postulated
to break between the outboard isolation valve and the reactor coolant sample panel. Offsite
doses are based on a break flow limited to 130 gpm by flow restrictors with isolation occurring at
30 minutes.

Radioiodines and noble gases are the only significant activities released. The source term is
based on an accident initiated iodine spike that increases the iodine release rate from the fuel
by a factor of 500 throughout the event. All activity is assumed released to the environment. The
calculated doses are based on activity releases that assume:

* Duration of accident - 0.5 hours

* Break flow rate - 130 gpm

* Reactor coolant noble gas activity - limit of 280 giCi/g dose equivalent Xe-1 33

* Reactor coolant equivalent iodine activity - 1.0 pCi/g dose equivalent lodine-131

* Accident initiated iodine spike - 500 times the fuel release rate that occurs when the
reactor coolant activity is 1.0 pCi/g dose equivalent lodine-1 31

* Fuel damage - none

The activity released to the environment for an AP1000 small line break accident is shown in
Table 7.1-27. The vendor calculated the time-dependent offsite doses for a representative site.
The GGNS ESP-site-specific doses were calculated using the XIQ values given in Table 2.7-
115 (EAB) and Table 2.7-116 (LPZ). The TEDE doses for the failure of small lines carrying
primary coolant outside containment are shown in Table 7.1-11. These doses are a small
fraction of the 25 rem TEDE guidelines of 10 CFR 50.34 as per NUREG-0800, Standard Review
Plan 15.6.2.

7.1.4.8 Failure of Small Lines Carrying Primary Coolant Outside of Containment (ABWR)

This event consists of a small steam or liquid line break inside or outside the ABWR primary
containment. The bounding event analyzed is a small instrument line break in the reactor
building. The break is assumed to proceed for ten minutes before the operator takes steps to
isolate the break, scram the reactor, and reduce reactor pressure.

All iodine in the flashed water is assumed to be transported to the environs by the heating,
ventilation and air conditioning (HVAC) system without credit for treatment by the standby gas
treatment system. All other activities in the reactor water make only small contributions to the
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offsite dose and are neglected. The calculated doses are based on activity releases that
assume:

* Duration of accident - 8 hours

* Standby gas treatment system - not credited

* Reactor building release rate - 200 percent/hour

* Mass of reactor coolant released - 13,610 kilograms

• Mass of fluid flashed to steam - 2,270 kilograms

* Iodine plateout fraction - 0.5

* Reactor coolant equilibrium activity - maximum permitted by technical specifications
corresponding to an offgas release rate of 100,000 pCi/s referenced to a 30-minute
delay

* Iodine spiking - accident initiated spike

* Fuel damage - none

The vendor calculated the time-dependent radionuclide releases to the environment as shown
in Table 7.1-12. These releases were used along with the XIQ values given in Table 2.7-115
(EAB) and Table 2.7-116 (LPZ) to determine the offsite doses. The doses for the failure of small
lines carrying primary coolant outside containment are shown in Table 7.1-13. These doses are
a "small fraction" of the 10 CFR 100 limit. A "small fraction" is defined to be 10% of the limit
(e.g., 30 Rem Thyroid and 2.5 Rem Whole Body) in accordance with NUREG-0800, Standard
Review Plan 15.6.2.

7.1.4.9 Large Break Loss of Coolant Accident (AP1000)

The core response analysis for the AP1000 demonstrates that the reactor core maintains its
integrity for the large break LOCA. However, significant core damage degradation and melting is
assumed in this DBA. The assumption of major core damage is intended to challenge various
accident mitigation features and provide a conservative basis for calculating offsite doses. The
source term used in the analysis is adopted from NUREG-1465 and Regulatory Guide 1.183
(Reference 6) with nuclide inventory determined for a three-region equilibrium cycle core at the
end of life.

The activity released consists of the equilibrium activity in the reactor coolant and the activity
released from the damaged core. Because the AP1000 is a leak before break design, coolant is
assumed to blowdown to the containment for 10 minutes. One half of the iodine and all of the
noble gases in the blowdown steam are released to the containment atmosphere.

The core release starts after the 10-minute blow down of reactor coolant. The fuel rod gap
activity is released over the next half-hour followed by an in-vessel core melt lasting 1.3 hours.
lodines, alkali metals and noble gases are released during the gap activity release. During the
core melt phase, five additional nuclide groups are released including the tellurium group, the
noble metals group, the cerium group, and the barium and strontium group.

Activity is released from the containment via the containment purge line at the beginning of the
accident. After isolation of the purge line, activity continues to leak from the containment at its
design basis leak rate. There is no emergency core cooling leakage activity because the
passive core cooling system does not pass coolant outside of the containment. A coincidental
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loss of offsite power has no impact on the activity release to the environment because of the
passive designs for the core cooling and fission product control systems. The calculated doses
are based on activity releases that assume:

* Duration of accident - 30 days

* Reactor coolant noble gas activity - limit of 280 pCi/g dose equivalent Xe-133

* Reactor coolant equilibrium iodine activity - 1.0 pCi/g equivalent lodine-131

* Reactor coolant mass - 3.7E+05 Ibm

* Containment purge flow rate - 8,800 cfm for 30 seconds

* Containment leak rate - 0.1 percent per day

* Core activity group release fractions- Regulatory Guide 1.183 (Reference 6),
Regulatory Position C.3.2

* Iodine chemical form - Regulatory Guide 1.183, Regulatory Position C.3.5

* Containment airborne elemental iodine removal - 1.7 per hour until decontamination
factor (DF) of 200 is reached

* Containment atmosphere particulate removal - 0.43 per hour to 0.72 per hour during
first 24 hours

The activity assumed to be released to the environment for an AP1 000loss of coolant accident
is shown in Table 7.1-28. The vendor calculated the time-dependent offsite doses for a
representative site. The GGNS ESP-site-specific doses were calculated using the XIQ values
given in Table 2.7-115 (EAB) and Table 2.7-116 (LPZ). The TEDE doses for the AP1000 large
break LOCA accident are shown in Table 7.1-14. Both EAB and LPZ doses meet the dose
guideline of 25 rem TEDE in 10 CFR 50.34. The activity released from the core melt phase of
the accident is the greatest contributor to the offsite doses. The EAB dose in Table 7.1-14 is
given for the two-hour period during which the dose is greatest at this location. The initial two
hours of the accident is not the worst two-hour period because of the delays associated with
cladding failure and fuel damage.

7.1.4.10 Large Break Loss of Coolant Accident (ABWR)

This ABWR event postulates piping breaks inside containment of varying sizes, types and
locations. The break type includes steam and liquid process lines. The emergency core cooling
analyses show that the core temperature and pressure transients caused by the breaks are
insufficient to cause fuel cladding perforation. Although no fuel damage occurs, conservative
assumptions from Regulatory Guide 1.3 are invoked in order to conservatively assess post-
accident fission product mitigation systems and the resultant offsite doses. The source term for
this accident is based on TID-14844 (Reference 5).

One hundred percent of the core inventory noble gases and 50 percent of the iodines are
instantaneously released from the reactor to the drywell at the beginning of the accident. Of the
iodines, 50 percent are assumed to be immediately plateout leaving 25 percent of the inventory
airborne and available for release. Following the break and depressurization of the reactor,
some of the noncondensable fission product products are purged into the suppression pool. The
suppression pool is capable of retaining iodine thereby reducing the overall concentration in the
primary containment atmosphere.
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Post-accident fission products are released from the primary containment via two principal
pathways: leakage to the reactor building and leakage along the main steam lines. The leakage
to the reactor building is due to the containment penetrations and emergency core cooling
equipment leaks. The iodine activity in the reactor building is filtered through the standby gas
treatment system prior to release to the environment. The standby gas treatment system is
started and begins removing iodine from the reactor building atmosphere 20 minutes after start
of the accident. The main steam line leakage is due to leaks past the main steam line isolation.
valves that close automatically at the beginning of the accident. The primary leakage path is
through the drain lines downstream of the outboard isolation valves to the main condenser. A
secondary pathway is through the main steam lines to the turbine. Activity reaching the main
condenser and the turbine is held up before leaking from the turbine building to the
environment. Iodine plateout occurs in the turbine, main condenser, and the steam lines/drain
lines. The calculated doses are based on activity releases that assume:

* Duration of accident - 30 days

* Core power level - 4005 MWt (102 percent of design core power of 3926 MWt)

* Fraction of noble iodine and noble gases released - Regulatory Guide 1.3, Regulatory
Positions C.1.a and C.1.b.

* Iodine chemical form - Regulatory Guide 1.3, Regulatory Position C.1.a

* Suppression pool iodine decontamination factor - 2.0 for particulate and elemental
iodine (includes allowance for suppression pool bypass)

* Primary containment leakage - 0.5 percent/day

* Main steam isolation valve total leakage - 66.1 liters/minute

* Condenser leakage rate - 11.6 percent/day

* Condenser iodine removal:

- Elemental and particulate iodine 99.7 percent

- Organic iodine 0.0 percent

* Delay to achieve design negative pressure in reactor building - 20 minutes

* Reactor building leak rate during draw down - 150 percent/hour

* Standby gas system filtration - 97 percent efficiency

* Standby gas system exhaust rate - 50 percent/day

The vendor calculated the time-dependent offsite doses for a representative site. The GGNS
ESP-site-specific doses were calculated using the XIQ values given in Table 2.7-115 (EAB) and
Table 2.7-116 (LPZ). The activities released to the environment from the reactor and turbine
buildings are listed in Table 7.1-15. The doses for the ABWR large break LOCA accident are
shown in Table 7.1-16. Since the vendor evaluation of this postulated accident is based on TID-
14844 and Regulatory Guide 1.3 methodology, the offsite dose acceptance criteria of 10 CFR
100 is used. The calculated doses meet the dose guidelines of 300 rem thyroid and 75 rem
whole body as specified in 10 CFR 100.
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7.1.4.11 Large Loss of Coolant Accident (ACR-700)

The limiting design basis event for the ACR-700 is a large LOCA with coincident loss of
emergency cooling. In this accident, the heat transport system coolant is discharged into
containment via the break. Without emergency core cooling injection, the fuel bundles start to
heat up causing the pressure tube to sag and contact the calandria tube. With contact between
the pressure tube and calandria, heat is transferred from the fuel channel to the moderator. In
such a severe accident, the heavy water in the moderator acts as the heat sink and the heat is
transferred to the service water. The integrity of the pressure tube, calandria tube, and the heat
transfer system core cooling geometry are maintained.

The activity released during the large LOCA is shown in Table 7.1-17. The GGNS ESP-site-
specific doses were calculated using the XIQ values given in Table 2.7-115 (EAB) and Table
2.7-116 (LPZ). The TEDE doses for the ACR-700 LOCA accident are shown in Table 7.1-18.
The doses meet the dose guidelines of 25 rem TEDE given in 10 CFR 50.34.

7.1.4.12 Fuel Handling Accidents (AP1000)

The AP1000 fuel handling accident (FHA) can occur inside containment or in the fuel handling
area of the auxiliary building. The accident postulates dropping a fuel assembly over the core or
in the spent fuel pool. The cladding of the fuel rods is assumed breached and the fission
products in the fuel rod gaps are released to the reactor refueling cavity water or spent fuel pool.
There are numerous design or safety features to prevent this accident. For example, only one
fuel assembly is lifted and transported at a time. Fuel racks are located to prevent missiles from
reaching the stored fuel. Fuel handling equipment is designed to prevent it from falling on the
fuel, and heavy objects cannot be carried over the spent fuel.

Fuel handling operations are performed under water. Fission gases released from damaged fuel
bubble up through the water and escape above the refueling cavity water or spent fuel pool
surfaces. For FHAs inside containment, the release to the environment can be mitigated by
automatically closing the containment purge lines after detection of radioactivity in the
containment atmosphere. For accidents in the spent fuel pool, activity is released through the
auxiliary building ventilation system to the environment.

The refueling and fuel transfer systems are designed such that the damaged fuel has a
minimum depth of 23 feet of water over the fuel. This depth of water provides for effective
scrubbing of elemental iodine released from the fuel. Organic iodine and noble gases are not
scrubbed and escape.

The offsite doses are analyzed by only crediting the scrubbing of iodine by the refueling water.
Hence, fuel handling accidents inside containment and the auxiliary building are treated in the
same manner. Cesium iodide, which accounts for about 95 percent of the gap iodine, is
nonvolatile and does not readily become airborne after dissolving. This species is assumed to
completely dissociate and re-evolve as elemental iodine immediately after damage to the fuel
assembly. The calculated doses are based on activity releases that assume:

* Core thermal power - 3,468 MWt (102 percent of design core power of 3400 MWt)

* Decay time after shutdown - 100 hours

* Activity release period - 2 hours

* One of 157 fuel assemblies in the core is completely discharged

* Maximum rod radial peaking factor - 1.65
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* Iodine and noble gas fission product gap fractions - Regulatory Guide 1.183 (Reference
6), Regulatory Position C.3.2

* Iodine chemical form - Regulatory Guide 1.183, Regulatory Position C.3.5

* Pool decontamination for iodine - Regulatory Guide 1.183, Appendix B

* Filtration - none

The radioactivity released to the environment is listed in Table 7.1-19. The GGNS ESP-site-
specific doses were calculated using the atmospheric dispersion (XIQ) values given in Table
2.7-115 (EAB) and Table 2.7-116 (LPZ). The resulting doses at the EAB and LPZ are
summarized in Table 7.1-20. The doses are applicable to fuel handling accidents inside
containment and in the spent fuel pool in the auxiliary building. The EAB and LPZ doses are
well within the 25 rem TEDE guidelines given in 10 CFR 50.34. 'Well within' is taken as being
25 percent of the guideline, consistent with the guidance of Regulatory Guide 1.183 (Reference
6) and NUREG-0800, Standard Review Plan 15.7.4.

7.1.4.13 Fuel Handling Accidents (ABWR)

The ABWR fuel handling accident is postulated as failure of the fuel assembly lifting mechanism
resulting in the dropping of a fuel assembly on to the reactor core. Fuel rods in the dropped and
struck assemblies are damaged releasing radioactive gases to the pool water.

The activity released in the pool water bubbles to the surface and passes to the reactor building
atmosphere. The normal ventilation system is isolated, the standby gas treatment system is
started, and effluents are released to the environment through this system. The standby gas
treatment system is credited with maintaining the reactor building at a negative pressure after
20 minutes. Pool water is credited with removal of elemental iodine released from the failed
rods. Guidance from Regulatory Guide 1.25 was used in performance of the analysis. The
calculated doses are based on activity releases that assume:

* Core thermal power - 4,005 MWt (102 percent of design core power of 3,926 MWt)

* Decay time after shutdown - 24 hours

* Activity release period from pool -2 hours

* Total number of fuel rods damaged - 115 in dropped and struck assemblies

* Radial peaking factor - 15

* Fuel rod fission product gap fractions -Regulatory Guide 1.183 (Reference 6),
Regulatory Position C.3.2

* Iodine chemical form - Regulatory Guide 1.183, Regulatory Position C.3.5

* Pool decontamination for iodine - Regulatory Guide 1.183, Appendix B

* Delay to achieve design negative pressure in reactor building - 20 minutes

* Standby gas system filtration - 99 percent efficiency

* Dose conversion factors - Regulatory Guide 1.183, Regulatory Position 4.1

The radionuclide inventory in the damaged fuel is listed in Table 7.1-21. The GGNS ESP-site-
specific doses were calculated using the XIQ values given in Table 2.7-115 (EAB) and Table
2.7-116 (LPZ). The resulting doses at the EAB and LPZ are summarized in Table 7.1-22. The
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LPZ dose is bounded by the EAB dose due to the 2-hour release duration and the lower XIQ for
the LPZ. All activity released from the fuel is assumed to be released during the first two hours
after the accident. The EAB and LPZ doses are well within (less than 25 percent of) the
1OCFR100 limits (e.g., 75 rem thyroid and 6.3 rem whole body).
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3. U.S. Nuclear Regulatory Commission (NRC), Draft 1996, Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants, NUREG-0800, Washington,
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NUREG-1 555, Washington, DC.
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Washington, DC.
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a Control Rod Ejection Accident for Pressurized Water Reactors, Regulatory Guide 1.77,
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TABLE 7.1-1

COMPARISON OF REACTOR TYPES FOR LIMITING OFF-SITE DOSE CONSEQUENCES

PART A, EXCEPT ABWR

EAB Dose LPZ Dose Guideline'
Reactor TEDE TEDE TEDE

Accident Type (rem) (rem) (rem)

Main Steam Line Break
Accident-initiated Iodine Spike AP1000 0.79 0.79 2.5
Pre-existing Iodine Spike AP1000 0.69 0.21 25

Reactor Coolant Pump Locked Rotor
AP1000 2.5 0.3 2.5

Control Rod Ejection Accident
AP1000 2.98 0.84 6.3

Steam Generator Tube Rupture
Accident-initiated Iodine Spike AP1000 1.49 0.12 2.5
Pre-existing Iodine Spike AP1000 2.98 0.17 25

Small Line Break
AP1000 1.3 0.1 2.5

Loss of Coolant Accident
AP1000 24.5 4.94 25

ACR-700 6.3 4.1 25

Fuel Handling Accident
AP1000 2.4 0.3 6.3

NOTES:

1. 25 rem is the TEDE guideline from Regulatory Guide 1.183. NUREG-0800
Chapter 15 specifies a guideline of 'a small fraction" of the limit, defined as 10
percent or less (2.5 rem), and 'well within" the guidelines for other events
defined as 25 percent or less (6.3 rem).
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TABLE 7.1-1 (Continued)

PART B, ABWR I

Affected EAB Dose LPZ Dose Guideline'
Accident Organ (rem) (rem) (rem)
Main Steam Line Break

Thyroid 1.11 1.24E-01 30
Max Equilibrium Iodine Activity Whole Body 1.7E-02 1.91 E-03 2.5

Thyroid 22.2 2.48 300
Pre-existing Iodine Spike Whole Body 3.4E-01 3.81E-02 25

Thyroid Negligible Negligible 75

Control Rod Drop Accident Whole Body Negligible Negligible 6

Thyroid 2.04 0.23 30

Small Line Break Whole Body 0.027 0.003 2.5

Thyroid 82.5 200 300

Loss of Coolant Accident Whole Body 1.78 2.58 25

Thyroid 9.78 1.10 75

Fuel Handling Accident Whole Body 0.41 0.05 6

NOTES:

1. ABWR LOCA guideline based on 10CFR100 limits due to use of TID-14844 source
term. NUREG-0800 Chapter 15 specifies a guideline of "a small fraction" of the
limit, defined as 10 percent or less, and "well within" the guidelines for other events
defined as 25 percent or less.
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TABLE 7.1-2

AP1000 MAIN STEAM LINE BREAK-ACCIDENT-INITIATED IODINE SPIKE

Exclusion Area Boundary
Dose Low Population Zone Dose

Total Effective Dose Total Effective Dose
Equivalent Equivalent

Time (rem) (rem)

0 to 2 hour 0.79 *

0 to 8 hour -- * 0.32

8 to 24 hour * 0.20

24 to 96 hour * 0.27

96 to 720 hours * *

TOTAL 0.79 0.79

NOTES:

* Dose not applicable
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TABLE 7.1-3

AP1000 MAIN STEAM LINE BREAK - PRE-EXISTING IODINE SPIKE

Exclusion Area Boundary
Dose Low Population Zone Dose

Total Effective Dose Total Effective Dose
Equivalent Equivalent

Time (rem) (rem)

0 to 2 hour 0.69 *

0 to 8 hour * 0.12

8 to 24 hour * 0.04

24 to 96 hour - 0.06

96 to 720 hours ------ *

TOTAL 0.69 0.22

NOTES:

* Dose not applicable
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TABLE 7.1-4

ABWR MAIN STEAM LINE BREAK OUTSIDE CONTAINMENT

Isotope

1-131

1-132

1-133

1-134

1-135

Total Halogens

Maximum Equilibrium
Value for Full

Power Operation
Megabecquerel Released

Oto2 hour

7.29E+04

7.1OE+05

5.OOE+05

1.40E+06

7.29E+05

3.41 E+06

Pre-existing Iodine Spike
Megabecquerel Released

0 to 2 hour

1.46E+06

1.42E+07

9.99E+06

2.79E+07

1.46E+07

6.81 E+07

KR-83M

KR-85M

KR-85

KR-87

KR-88

KR-89

KR-90

XE-131M

XE-133M

XE-1 33

XE-1 35M

XE-135

XE-137

XE-138

XE-139

TOTAL NOBLE GASES

4.07E+02

7.18E+02

2.26E+00

2.44E+03

2.46E+03

9.88E+03

2.55E+03

1.76E+00

3.39E+01

9.47E+02

2.89E+03

2.70E+03

1.23E+04

9.44E+03

4.33E+03

5.11 E+04

2.44E+03

4.29E+03

1.36E+01

1.47E+04

1.48E+04

5.92E+04

1.55E+04

1.06E+01

2.04E+02

5.70E+03

1.74E+04

1.62E+04

7.40E+04

5.66E+04

2.59E+04

3.07E+05
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TABLE 7.1-5

ABWR MAIN STEAM LINE BREAK OUTSIDE CONTAINMENT - MAXIMUM EQUILIBRIUM
VALUE FOR FULL POWER OPERATION

Low Population Zone Dose

Time Exclusion Area Boundary
Dose (rem)

Thyroid Whole Body

1.11 1.70E-02

_ _*

Low Population Zone Dose
(rem)

Thyroid Whole Body

--- _

1.24E-01 1.91 E-03

--- *

-

0 to 2 hour

0 to 8 hour

8 to 24 hour

24 to 96 hour

96 to 720 hours

TOTAL

* * *

* *
-02

1.7011-02 1.24E-01

_

1.91 E-031.11

NOTES:

* Dose not applicable

Draft Rev. 1, July 21, 2004 |



GGNS
EARLY SITE PERMIT APPLICATION

PART 3 - ENVIRONMENTAL REPORT

TABLE 7.1-6

ABWR MAIN STEAM LINE BREAK OUTSIDE CONTAINMENT - PRE-EXISTING IODINE
SPIKE

Exclusion Area Boundary

Time

0 to 2 hour

0 to 8 hour

8 to 24 hour

24 to 96 hour

96 to 720 hours

TOTAL

Exclusion Area Boundary
Dose (rem)

Thyroid Whole Body

2.22E+01 3.4E-01

_ _*

_ _

_ _

* _

2.22E+01 3.4E-01

Low Population Zone Dose
(rem)

Thyroid Whole Body

-_ *

2.48E+00 3.81 E-02

* *_

----*

2.48E+00

*

_

3.81 E-02

NOTES:

* Dose not applicable
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TABLE 7.1-7

AP1000 LOCKED ROTOR ACCIDENT - PRE-EXISTING IODINE SPIKE

Exclusion Area Boundary
Dose Low Population Zone Dose

Total Effective Dose Total Effective Dose
Equivalent Equivalent

Time (rem) (rem)

0 to 2 hour 2.5 ---*

0 to 8 hour 0.3

8 to 24 hour * *

24 to 96 hour * *

96 to 720 hours

TOTAL 2.5 0.3

NOTES:

* Dose not applicable
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TABLE 7.1-8

AP1 000 CONTROL ROD EJECTION ACCIDENT - PRE-EXISTING IODINE SPIKE

Exclusion Area Boundary
Dose Low Population Zone Dose

Total Effective Dose Total Effective Dose
Equivalent Equivalent

Time (rem) (rem)

0 to 2 hour 2.98 *

0 to 8 hour * 0.69

8 to 24 hour * 0.12

24 to 96 hour -- * 0.02

96 to 720 hours * 0.01

TOTAL 2.98 0.84

NOTES:

* Dose not applicable
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TABLE 7.1-9

AP1000 STEAM GENERATOR TUBE RUPTURE - ACCIDENT-INITIATED IODINE SPIKE

Exclusion Area Boundary
Dose Low Population Zone Dose

Total Effective Dose Total Effective Dose
Equivalent Equivalent

Time (rem) (rem)

0 to 2 hour 1.49 *

0 to 8 hour 0--* 0.09

8 to 24 hour * 0.03

24 to 96 hour * *

96 to 720 hours * *

TOTAL 1.49 0.12

NOTES:

* Dose not applicable
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TABLE 7.1-10

AP1000 STEAM GENERATOR TUBE RUPTURE - PRE-EXISTING IODINE SPIKE

Exclusion Area Boundary
Dose Low Population Zone Dose

Total Effective Dose Total Effective Dose
Equivalent Equivalent

Time (rem) (rem)

0 to 2 hour 2.98

Oto8hour * 0.16

8 to 24 hour -- * 0.01

24to96hour * *

96 to 720 hours

TOTAL 2.98 0.17

NOTES:

* Dose not applicable
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TABLE 7.1-11

AP1000 SMALL LINE BREAK ACCIDENT, 0 TO 0.5 HOUR DURATION - ACCIDENT-
INITIATED IODINE SPIKE

Exclusion Area Boundary
Dose Low Population Zone Dose

Total Effective Dose Total Effective Dose
Equivalent Equivalent

Time (rem) (rem)

0 to 2 hour 1.3

0 to 8 hour * 0.1

8 to 24 hour * *

24 to 96 hour * *

96 to 720 hours * *

TOTAL 1.3 0.1

NOTES:

* Dose not applicable
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TABLE 7.1-12

ABWR SMALL LINE BREAK OUTSIDE CONTAINMENT - ACTIVITY RELEASED TO
ENVIRONMENT

Time

0 to 2 hour

0 to 8 hour

8 to 24 hour

24 to 96 hour

96 to 720 hours

TOTAL

Release from Break
(directly to Environment)

(MBq)

4.784E+05

4.185E+06

3.288E+06

7.171 E+06

4.482E+06

1.960E+07
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TABLE 7.1-13

ABWR SMALL LINE BREAK OUTSIDE CONTAINMENT

Exclusion Area Boundary

Time

0 to 2 hour

0 to 8 hour

8 to 24 hour

24 to 96 hour

96 to 720 hours

* TOTAL

Exclusion Area Boundary
Dose (rem)

Thyroid Whole Body

2.04 2.68E-02

* *

Low Population Zone Dose
(rem)

Thyroid Whole Body

_ _

2.29E-01 3.OOE-03

* *

* * *

2.29E-01

*

* _

3.OOE-032.04 2.68E-02

NOTES:

* Dose not applicable
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TABLE 7.1-14

AP1000 DESIGN BASIS LOSS OF COOLANT ACCIDENT

Exclusion Area Boundary
Dose

Total Effective Dose
Equivalent

Low Population Zone Dose
Total Effective Dose

Equivalent
Time (rem) (rem)

0 to 2 hour 24.6

0 to 8 hour 4.54

8 to 24 hour * 0.16

24 to 96 hour * 0.13

96 to 720 hours * 0.11

TOTAL 24.6 4.94

NOTES:

1. *Dose not applicable

2. Two-hour period with greatest EAB dose shown. LOCA based on Regulatory Guide
1.183.

Draft Rev. 1, July 21, 2004|



GGNS
EARLY SITE PERMIT APPLICATION

PART 3- ENVIRONMENTAL REPORT

TABLE 7.1-15

SED TO ENVIRABWR LOCA CURIES RELEA' 'ONMENT BY TIME INTERVAL

-

Isotope

1-131

1-132

1-133

1-134

1-135

Kr-83m

Kr-85m

Kr-85

Kr-87

Kr-88

Kr-89

Xe-131m

Xe-1 33m

Xe-1 33

Xe-1 35m

Xe-1 35

Xe-1 37

Xe-138

0 to 2 hours

2.60E+02

3.52E+02

5.41 E+02

5.14E+02

5.14E+02

3.26E+02

8.44E+02

4.09E+01

1.20E+03

2.12E+03

1.81 E+02

2.13E+01

3.OOE+02

7.63E+03

4.87E+02

9.26E+02

5.14E+02

2.00E+03

0 to 8 hours

3.74E+02

3.85E+02

7.43E+02

5.15E+02

6.47E+02

9.OOE+02

3.74E+03

3.49E+02

2.17E+03

7.14E+03

1.81 E+02

1.72E+02

2.48E+03

6. 1 E+04

4.87E+02

5.51 E+03

5.14E+02

2.OOE+03

8 to 24 hours

9.23E+02

3.24E+01

1.18E+03

0

3.32E+02

4.32E+01

4.36E+03

2.19E+03

8.92E+01

3.43E+03

0

1.12E+03

1.38E+04

3.77E+05

0

1.52E+04

0

0

1 to 4 days

8.70E+03

0

3.32E+03

0

1.68E+02

0

7.03E+02

2.18E+04

2.70E+00

2.97E+02

0

9.52E+03

7.59E+04

2.78E+06

0

1.17E+04

0

0

4 to 30 days

6.22E+04

0

6.76E+02

0

0

0

0

2.86E+05

0

0

0

6.22E+04

7.27E+04

8.41 E+06

0

0

0

0
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TABLE 7.1-16

ABWR DESIGN BASIS LOSS OF COOLANT ACCIDENT

Exclusion Area Boundary
Dose Low Population Zone Dose

Thyroid Whole Body Thyroid Whole Body
Time (rem) (rem) (rem) (rem)

0 to 2 hour 8.25E+01 1.78 * *

0 to 8 hour --- * -- * 1.33E+01 4.27E-01

8 to 24 hour * - 9.93 3.97E-01

24 to 96 hour --- * 5.46E+01 7.60E-01

96 to 720 hours * --- * 1.22E+02 9.97E-01

TOTAL 82.5 1.78 2.OOE+02 2.58

NOTES:

1. *Dose not applicable

2. LOCA based on Regulatory Guide 1.3 and TID-14844.
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TABLE 7.1-17

ACR-700 DESIGN BASIS LARGE LOCA - CURIES RELEASED TO ENVIRONMENT BY
INTERVAL

Isotope

1-131

1-132

1-133.

1-134

1-135

Kr 83-m

Kr 85-m

Kr 85

Kr 87

Kr 88

Kr 89

Xe 131-m

Xel33-m

Xe-1 33

Xel35-m

Xe 135

Xe 137

Xe 138

0-2 hour

57

63

117

66

101

2094

5702

45

7977

14474

864

252

1397

45632

1784

3738

1894

6774

2 to 8 hr

170

120

330

83

250

3600

13000

140

11600

28900

870

800

4100

135400

1800

9700

1900

6800

8 to 24 hrs

440

140

750

83

430

3900

19600

360

12000

36700

860

2000

10200

350900

1800

18600

1900

6800

1 to 4 days

900

69

830

41

270

2000

10700

820

6000

18700

430

4200

16400

679600

900

13100

950

3400

4 to 30 days

3460

69

910

41

270

2000

10700

6900

6000

18700

430

19700

26600

1982700

900

13200

950

3400
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TABLE 7.1-18

ACR-700 LARGE LOSS OF COOLANT ACCIDENT

Exclusion Area Boundary
Dose Low Population Zone Dose

Total Effective Dose Total Effective Dose
Equivalent Equivalent

Time (rem) (rem)

0 to 2 hour 6.3 0.7

2 to 8 hour 1.3

8 to 24 hour * 1.2

24 to 96 hour * 0.5

96 to 720 hours * 0.4

TOTAL 6.3 4.1

NOTES:

* Dose not applicable
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TABLE 7.1-19

AP1000 FUEL HANDLING ACCIDENT - CURIES RELEASED TO ENVIRONMENT

Isotope Release 0-2 hrs

1-130 3.52E-02

1-131 2.90E+02

1-132 1.54E+02

1-133 1.91E+01

1-134 0

1-135 1.36E-02

Kr-83m 0

Kr-85m 2.68E-03

Kr-85 1. IOE+03

Kr-87 0

Kr-88 0

Kr-89 0

Xe-131 m 5.36E+02

Xe-133m 1.29E+03

Xe-1 33 6.94E+04

Xe-1 35m 4.37E-01

Xe-1 35 1.32E+02

Xe-137 0

Xe-138 0
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TABLE 7.1-20

AP1000 FUEL HANDLING ACCIDENT

Exclusion Area Boundary
Dose Low Population Zone Dose

Total Effective Dose Total Effective Dose
Equivalent Equivalent

Time (rem) (rem)

0 to 2 hour 2.4

0 to 8 hour * 0.3

8 to 24 hour * *

24 to 96 hour * *

96 to 720 hours * *

TOTAL 2.4 0.3

NOTES:

* Dose not applicable
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TABLE 7.1-21

ABWR FUEL HANDLING ACCIDENT - CURIES RELEASED TO ENVIRONMENT

Isotope Release (Ci)

1131 1.458E+01

1132 1.176E+01

1133 9.430E+00

1134 5.147E-07

1135 1.549E+00

KR 83M 5.563E+00

KR 85 2.568E+02

KR 85M 7.084E+01

KR 87 1.100E-02

KR 88 2.051E+01

XE129M 4.103E-05

XE131M 6.726E+01

XE133 2.272E+04

XE133M 8.907E+02

XE135 5.205E+03

XE135M 2.709E+02
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TABLE 7.1-22

ABWR FUEL HANDLING ACCIDENT

Exclusion Area Boundary

Time

0 to 2 hour

0 to 8 hour

8 to 24 hour

24 to 96 hour

96 to 720 hours

TOTAL

Exclusion Area Boundary
Dose (rem)

Thyroid Whole Body

9.78 0.41

_ _ _

* *

_ 0

_ _ _

9.78 0.41

Low Population Zone Dose
(rem)

Thyroid Whole Body

_ _

1.10 0.05

* *

1.10 0.05

NOTES:

1. Activity is based on a 24-hour shutdown before fuel movement begins.

I
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GGNS
EARLY SITE PERMIT APPLICATION

PART 3 - ENVIRONMENTAL REPORT

TABLE 7.1-23

AP1000 LOCKED ROTOR ACCIDENT - CURIES RELEASED TO ENVIRONMENT

Isotope 0 to 1.5 hrs

1-130 4.15E+00

1-131 1.83E+02

1-132 1.33E+02

1-133 2.31 E+02

1-134 1.44E+02

1-135 2.04E+02

Kr-85m 4.09E+02

Kr-85 3.77E+01

Kr-87 6.05E+02

Kr-88 1.05E+03

Xe-131 m 1.87E+01

Xe-133m 1.02E+02

Xe-1 33 3.33E+03

Xe-135m 1.63E+02

Xe-135 8.01 E+02

Xe-138 6.48E+02

Rb-86 6.69E-02

Cs-1 34 5.83E+00

Cs-1 36 1.85E+00

Cs-1 37 3.42E+00

Cs-138 3.05E+01

Draft Rev. 1, July 21, 2004



GGNS
EARLY SITE PERMIT APPLICATION

PART 3- ENVIRONMENTAL REPORT

TABLE 7.1-24

AP1 000 CONTROL ROD EJECTION ACCIDENT - CURIES RELEASED TO ENVIRONMENT
BY INTERVAL- PRE-EXISTING IODINE SPIKE

Isotope 0 to 2 hrs 2 to 8 hrs 8 to 24 hrs 24 to 96 hrs 96 to 720 hrs

1-130 5.93E+00 7.28E+00 4.32E+00 4.06E-01 5.88E-04

1-131 1.64E+02 2.45E+02 2.31 E+02 6.20E+01 3.33E+01

1-132 1.90E+02 9.94E+01 9.85E+00 1.65E-02 0

1-133 3.29E+02 4.40E+02 3.18E+02 4.56E+01 4.81E-01

1-134 2.18E+02 2.85E+01 1.37E-01 8.96E-08 0

1-135 2.91E+02 2.97E+02 1.19E+02 4.79E+00 1.46E-04

Kr-85m 2.85E+02 6.48E+01 3.87E+01 3.53E+00 5.01 E-05

Kr-85 1.24E+01 5.60E+00 1.49E+01 6.70E+01 5.71 E+02

Kr-87 4.86E+02 2.60E+01 1.03E+00 1.67E-04 0

Kr-88 7.49E+02 1.18E+02 3.49E+01 7.18E-01 1.68E-08

Xe-131m 1.22E+01 5.46E+00 1.42E+01 5.72E+01 2.31E+02

Xe-133m 6.62E+01 2.81E+01 6.49E+01 1.69E+02 1.06E+02

Xe-1 33 2.18E+03 9.58E+02 2.40E+03 8.53E+03 1.68E+04

Xe-135m 2.18E+02 5.30E-02 4.33E-09 0 0

Xe-135 5.39E+02 1.72E+02 2.09E+02 8.69E+01 3.58E-01

Xe-138 8.89E+02 1.38E-01 3.19E-09 0 0

Rb-86 3.70E-01 7.27E-01 6.96E-01 1.73E-01 6.79E-02

Cs-134 3.15E+01 6.22E+01 6.03E+01 1.55E+01 1.03E+01

Cs-136 8.98E+00 1.75E+01 1.67E+01 4.1OE+00 1.31E+00

Cs-137 1.83E+01 3.62E+01 3.51 E+01 9.04E+00 6.05E+00

Cs-138 1.13E+02 7.05E+00 1.68E-03 0 0
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GGNS
EARLY SITE PERMIT APPLICATION

PART 3 - ENVIRONMENTAL REPORT

TABLE 7.1-25

AP1000 STEAM GENERATOR TUBE RUPTURE ACCIDENT - CURIES RELEASED TO
ENVIRONMENT BY INTERVAL - ACCIDENT INITIATED IODINE SPIKE

Isotope 0 to 2 hrs 2 to 8 hrs 8 to 24 hrs

1-130

1-131

1-132

1-133

1-134

1-135

Kr-85m

Kr-85

Kr-87

Kr-88

Xe-131 m

Xe-1 33m

Xe-1 33

Xe-135m

Xe-1 35

Xe-1 38

Rb-86

Cs-1 34

Cs-136

Cs-1 37

Cs-1 38

7.30E-02

4.90E+00

5.79E+00

8.79E+00

1.12E+00

5.15E+00

5.67E+01

2.25E+02

2.46E+01

9.44E+01

1.02E+02

1.26E+02

9.37E+03

3.61 E+00

2.51 E+02

4.78E+00
*

1.65E+00

2.45E+00

1.19E+00

5.71 E-01

1.19E-02

1.15E+00

1.75E-01

1.68E+00

1.18E-03

6.01 E-01

1.91E+01

1.07E+02

3.56E+0o

2.61 E+01

4.82E+01

5.83E+01

4.41 E+03

5.78E-03

1.OOE+02

4.99E-03
*

6.35E-02

9.30E-02

4.58E-02

3.07E-06

3.13E-02

3.55E+00

2.30E-01

4.73E+00

5.21 E-04

1.36E+00

2.50E-02

4.44E-01

3.02E-04

1.80E-02

1.96E-01

2.19E-01

1.75E+01

0

2.35E-01

0
*

2.27E-01

3.30E-01

1.64E-01

6.OOE-07

Note: * = Rb-86 contribution considered negligible for this accident.
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GGNS
EARLY SITE PERMIT APPLICATION

PART 3- ENVIRONMENTAL REPORT

TABLE 7.1-26

AP1000 STEAM GENERATOR TUBE RUPTURE ACCIDENT - CURIES RELEASED TO
ENVIRONMENT BY INTERVAL- PRE-EXISTING IODINE SPIKE

Isotope 0 to 2 hrs 2 to 8 hrs 8 to 24 hrs

1-130

1-131

1-132

1-133

1-134

1-135

Kr-85m

Kr-85

Kr-87

Kr-88

Xe-1 31m

Xe-1 33m

Xe-1 33

Xe-1 35m

Xe-1 35

Xe-1 38

Rb-86

Cs-1 34

Cs-1 36

Cs-1 37

Cs-138

1.81 E+00

1.22E+02

1.43E+02

2.19E+02

2.78E+01

1.28E+02

5.67E+01

2.25E+02

2.46E+01

9.44E+01

1.02E+02

1.26E+02

9.37E+03

3.61 E+00

2.51 E+02

4.78E+00
*

1.65E+00

2.45E+00

1.19E+00

5.71 E-01

6.12E-02

5.97E+00

8.53E-01

8.68E+00

5.16E-03

3.06E+00

1.91E+01

1.07E+02

3.56E+00

2.61 E+01

4.82E+01

5.83E+01

4.41 E+03

5.78E-03

1.OOE+02

4.99E-03
*

6.35E-02

9.30E-02

4.58E-02

3.07E-06

2.90E-01

3.32E+01

2.08E+00

4.41E+01

4.57E-03

1.26E+01

2.50E-02

4.44E-01

3.02E-04

1.80E-02

1.96E-01

2.19E-01

1.75E+01

0

2.35E-01

0
*

2.27E-01

3.30E-01

1.64E-01

6.OOE-07

Note: * = Rb-86 contribution considered negligible for this accident.
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EARLY SITE PERMIT APPLICATION

PART 3 - ENVIRONMENTAL REPORT

TABLE 7.1-27

AP1 000 SMALL LINE BREAK ACCIDENT - CURIES RELEASED TO ENVIRONMENT -
ACCIDENT INITIATED IODINE SPIKE

Isotope 0 to 0.5 hr

1-130

1-131

1-132

1-133

1-134

1-135

Kr-85m

Kr-85

Kr-87

Kr-88

Xe-131m

Xe-1 33m

Xe-1 33

Xe-1 35m

Xe-1 35

Xe-138

Cs-134

Cs-1 36

Cs-1 37

Cs-138

1.90E+00

9.26E+01

3.49E+02

2.01 E+02

1.58E+02

1.68E+02

1.24E+01

4.40E+01

7.OOE+00

2.21 E+01

1.99E+1

2.50E+01

1.84E+02

2.60E+00

5.20E+01

3.60E+00

4.20E+00

6.20E+00

3.OOE+00

2.20E+00
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GGNS
EARLY SITE PERMIT APPLICATION

PART 3 - ENVIRONMENTAL REPORT

TABLE 7.1-28

AP1 000 DESIGN BASIS LOSS OF COOLANT ACCIDENT- CURIES RELEASED TO
ENVIRONMENT BY INTERVAL

Isotope 0 to 1 hrs 2 to 3 hrs 0 to 8 hrs 8 to 24 hrs 24 to 96 hrs 96 to 720
hrs

Halogen Group

1-130 5.62E+00 4.92E+01 7.80E+01 2.96E+00 1.11 E+00 1.99E-02

1-131 1.54E+02 1.44E+03 2.36E+03 1.56E+02 3.74E+02 1.12E+03

1-132 1.79E+02 1.18E+03 1.67E+03 7.64E+00 2.29E-02 0

1-133 3.11E+02 2.80E+03 4.51E+03 2.16E+02 1.63E+02 1.62E+01

1-134 1.96E+02 7.51E+02 1.02E+03 1.26E-01 1.07E-07 0

1-135 2.75E+02 2.27E+03 3.50E+03 8.31 E+01 9.55E+00 4.95E-03

Noble Gas Group

Kr-85m 6.74E+01 1.31 E+03 3.77E+03 1.87E+03 1.71E+02 2.43E-03

Kr-85 3.08E+00 7.32E+01 2.96E+02 7.05E+02 3.17E+03 2.70E+04

Kr-87 9.54E+01 1.14E+03 1.94E+03 4.97E+01 8.11E-03 0

Kr-88 1.70E+02 2.95E+03 7.26E+03 1.70E+03 3.49E+01 8.16E-07

Xe-131m 3.07E+00 7.28E+01 2.94E+02 6.79E+02 2.74E+03 1.11E+04

Xe-133m 1.68E+01 3.92E+02 1.54E+03 3.15E+03 8.21E+03 5.15E+03

Xe-133 5.49E+02 1.30E+04 5.19E+04 1.16E+05 4.11E+05 8.10E+05

Xe-135m 1.44E+01 2.14E+01 3.59E+01 2.14E-07 0 0

Xe-135 1.32E+02 2.85E+03 9.64E+03 1.01 E+04 4.21E+03 1.73E+01

Xe-138 5.31 E+01 6.69E+01 1.20E+02 1.58E-07 0 0

Alkali Metal Group

Rb-86 3.32E-01 2.61 E+00 4.26E+00 9.37E-02 2.03E-03 1.05E-02

Cs-134 2.81E+01 2.22E+02 3.63E+02 8.06E+00 1.88E-01 1.59E+00

Cs-136 8.01 E+00 6.30E+01 1.03E+02 2.25E+00 4.72E-02 2.03E-01

Cs-137 1.64E+01 1.29E+02 2.11E+02 4.70E+00 1.10E-01 9.39E-01

Cs-1 38 1.06E+02 2.06E+02 3.19E+02 6.92E-04 0 0
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GGNS
EARLY SITE PERMIT APPLICATION

PART 3- ENVIRONMENTAL REPORT

TABLE 7.1-28 (Continued)

Isotope 0 to 1 hrs 2 to 3 hrs 0 to 8 hrs 8 to 24 hrs 24 to 96 hrs 96 to 720
hrs

Tellurium Group

Sr-89 3.23E+00 7.56E+01 1.19E+02 2.87E+00 6.54E-02 4.60E-01

Sr-90 2.78E-01 6.52E+00 1.03E+01 2.48E-01 5.82E-03 4.97E-02

Sr-91 3.77E+00 8.14E+01 1.22E+02 1.74E+00 2.76E-03 1.44E-05

Sr-92 3.45E+00 6.13E+01 8.30E+01 3.26E-01 1.06E-05 0

Sb-127 8.55E-01 1.98E+01 3.11E+01 7.13E-01 1.16E-02 1.60E-02

Sb-129 2.25E+00 4.43E+01 6.28E+01 4.83E-01 1.01E-04 1.00E-09

Te-127m 1.10E-01 2.58E+00 4.06E+00 9.83E-02 2.27E-03 1.77E-02

Te-127 7.99E-01 1.72E+01 2.57E+01 3.65E-01 5.63E-04 2.72E-06

Te-129m 3.76E-01 8.80E+00 1.38E+01 3.33E-01 7.47E-03 4.79E-02

Te-129 1.50E+00 1.89E+01 2.32E+01 8.54E-03 7.27E-10 0

Te-131m 1.15E+00 2.62E+01 4.05E+01 8.29E-01 6.86E-03 1.60E-03

Te-132 1.14E+01 2.65E+02 4.15E+02 9.42E+00 1.44E-01 1.60E-01

Ba-139 3.83E+00 5.30E+01 6.63E+01 4.73E-02 2.03E-08 0

Ba-140 5.71E+00 1.33E+02 2.10E+02 5.00E+00 1.05E-01 4.41E-01

Noble Metals Group

Mo-99 7.63E-01 1.77E+01 2.76E+01 6.19E-01 8.79E-03 7.72E-03

Tc-99m 6.09E-01 1.26E+01 1.83E+01 1.94E-01 1.08E-04 2.73E-08

Ru-103 6.07E-01 1.42E+01 2.23E+01 5.38E-01 1.21 E-02 8.11 E-02

Ru-105 3.59E-01 7.08E+00 1.01 E+01 7.97E-02 1.82E-05 2.40E-10

Ru-106 2.00E-01 4.67E+00 7.36E+00 1.78E-01 4.16E-03 3.46E-02

Rh-105 3.70E-01 8.48E+00 1.32E+01 2.76E-01 2.64E-03 8.48E-04
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GGNS
EARLY SITE PERMIT APPLICATION

PART 3 - ENVIRONMENTAL REPORT

TABLE 7.1-28 (Continued)

Isotope 0 to 1 hrs 2 to 3 hrs 0 to 8 hrs 8 to 24 hrs 24 to 96 hrs 96 to 720
hrs

Lanthanide Group

Y-90 2.90E-03 6.65E-02 1.04E-01 2.32E-03 3.25E-05 2.75E-05

Y-91 4.19E-02 9.71E-01 1.53E+00 3.69E-02 8.43E-04 6.09E-03

Y-92 3.70E-02 6.93E-01 9.64E-01 5.77E-03 5.86E-07 0

Y-93 4.75E-02 1.02E+00 1.53E+00 2.25E-02 4.05E-05 2.91 E-07

Nb-95 5.64E-02 1.31E+00 2.06E+00 4.95E-02 1.11E-03 7.23E-03

Zr-95 5.61 E-02 1.30E+00 2.05E+00 4.94E-02 1.13E-03 8.29E-03

Zr-97 5.35E-02 1.19E+00 1.81 E+00 3.26E-02 1.38E-04 7.58E-06

La-140 6.06E-02 1.38E+00 2.14E+00 4.58E-02 4.84E-04 1.97E-04

La-141 4.69E-02 8.98E-01 1.26E+00 8.69E-03 1.31 E-06 0

La-142 3.58E-02 5.15E-01 6.53E-01 6.67E-04 6.96E-10 0

Nd-147 2.19E-02 5.06E-01 7.95E-01 1.89E-02 3.88E-04 1.49E-03

Pr-143 4.93E-02 1.14E+00 1.79E+00 4.27E-02 9.01 E-04 3.95E-03

Am-241 4.23E-06 9.81 E-05 1.54E-04 3.74E-06 8.75E-08 7.48E-07

Cm-242 9.98E-04 2.31 E-02 3.64E-02 8.8 E-04 2.04E-05 1.64E-04

Cm-244 1.22E-04 2.84E-03 4.47E-03 1.08E-04 2.53E-06 2.16E-05

Cerium Group

Ce-141 1.37E-01 3.19E+00 5.02E+00 1.21E-01 2.71E-03 1.72E-02

Ce-143 1.25E-01 2.85E+00 4.42E+00 9.20E-02 8.29E-04 2.34E-04

Ce-144 1.03E-01 2.41E+00 3.80E+00 9.19E-02 2.14E-03 1.77E-02

Pu-238 3.22E-04 7.51 E-03 1.18E-02 2.86E-04 6.71 E-06 5.73E-05

Pu-239 2.83E-05 6.60E-04 1.04E-03 2.52E-05 5.90E-07 5.04E-06

Pu-240 4.15E-05 9.69E-04 1.53E-03 3.69E-05 8.65E-07 7.39E-06

Pu-241 9.33E-03 2.17E-01 3.42E-01 8.30E-03 1.94E-04 1.66E-03

Np-239 1.60E+00 3.69E+01 5.76E+01 1.27E+00 1.67E-02 1.17E-02
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Fax:6014373600 Feb 21 2003 13:40 P.01

United States Department of Agriculture

NRCS
Natural Resources Conservation Service
1204 Market St.
Port Gibson, MS 39150

Telephone: (601) 437-8121, ext. 3
Fax: (601) 437-3600

To: 6Emify Trice
From: qRaymo

Today's date:
ndcfoyner

21 EFTEO 03
Re: cPrime 6armfandc/Cfai6orne County, 9kiss.
Notes:

(Per your request

Please telephone or fax if there is a discrepancy in the
number of pages, or if the reception is unclear.

TOTAL NUMBER OF PAGES, INCLUDING COVER
SHEET: 2

The Natural Resources Conservation Service provides leadership in a partnership effort to help people
Conserve, maintain, and improve our natural resources and environment.

An Equal Opportunity Provider and Employer

Retyped from original FAX on 7/22/2004 due to legibility problems



Fax:6014373600 Feb21 2003 13:40 P.02

U.S. Department of Agriculture Page - 1
Soil Conservation Service 5/28/92

PRIME FARMLAND

Survey Area - CLAIBORNE COUNTY, MISSISSIPPI

Map Prime
Symbol Farmland

Code Soil Mapunit Name

Ad 1 ADLER SILT LOAM
CaA 1 CALLOWAY SILT LOAM, 0 TO 2 PERCENT SLOPES
CaB 1 CALLOWAY SILT LOAM, 2 TO 5 PERCENT SLOPES
Cn I COLLINS SILT LOAM
Co 2 COMMERCE SILT LOAM
Fa 2 FALAYA SILT LOAM
GrA 1 GRENADA SILT LOAM, 0 TO 2 PERCENT SLOPES
GrB 1 GRENADA SILT LOAM, 2 TO 5 PERCENT SLOPES
GrB2 1 GRENADA SILT LOAM, 2 TO 5 PERCENT SLOPES, ERODED
Hn 2 HENRY SILT LOAM
In 1 INGLEFIELD SILT LOAM (ADLER)
LmA 1 LORING AND MEMPHIS SILT LOAMS, 0 TO 2 PERCENT SLOPES
LmB2 1 LORING AND MEMPHIS SILT LOAMS, 2 TO 5 PERCENT SLOPES, ERODED
MeA 1 MEMPHIS SILT LOAM, 0 TO 2 PERCENT SLOPES
MeB 1 MEMPHIS SILT LOAM, 2 TO 5 PERCENT SLOPES
MeB2 1 MEMPHIS SILT LOAM, 2 TO 5 PERCENT SLOPES, ERODED

Prime
Farmland
Code Description

1 All areas are prime farmland.
2 Only drained areas are prime farmland.
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Statement of the Problem

A significant and critical part of the U.S. agricultural system faces an uncertain future resulting
from land use controversy in the urban fringe (rural agricultural land experiencing pressure from
suburban development). Urbanization is rapidly moving beyond the suburbs. As a result,
competition has developed for incompatible uses of agricultural land. Land allocated to farming
provides a flow of both market and nonmarket benefits to society (e.g., crop production and open
space). These same lands, on the other hand, are sought by developers for profitable building
sites.

Farming is central to the economy of Indiana and its counties. Though the importance of
farmland and farmland protection is recognized by federal la%, local planning and zoning
continues to neglect the issue of prime agricultural land and the conflicts that arise between
expanding development and successful farming. The prime farmland issue is of particular
importance to extension educators who are often members of local planning commissions and
zoning boards.

Estimates of the agricultural land converted annually to non-agricultural uses vary between
800,000 acres to more than 3 million nationwide. More important than the exact rate of
conversion is the location of rapidly changing land use. Much of the land being lost is prime or
unique farmland, disproportionately located near cities. According to Ralph E. Grossi of the
American Farmland Trust, 58 percent of the total U.S. agricultural production comes from
counties that the Census Bureau classifies as metropolitan and their adjoining counties. The
considerable agricultural land endowments of Indiana have also provided a supply of "vacant"
land for development. Ralph Gann of the Indiana Agricultural Statistics Service, estimates 20.2
million acres were under the control of Indiana farmers in 1950. That number has dropped to
near 15.6 million acres. Part, but not all, of the decrease is due to development.

Effects of Non-Farm Development
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The term "sprawl" can be characterized as the lack of continuity in urban expansion. A sprawling
development pattern implies that the urban or suburban area is larger than it otherwise would be
because undeveloped tracts remain interspersed among developed parcels and subdivisions. The
effects of expanding development in rural and urban-fringe areas can be divided into two
primary categories. First, development involves the direct conversion of farmland. Such
conversion satisfies the demand for residential, commercial, and industrial land uses. Second,
development indirectly reduces the agricultural potential of the remaining farms.

Converting a tract of agricultural land to a non-farm use results in long-term consequences. First,
development immediately exhausts the agricultural productivity of the reallocated tract.
Unfortunately, development often causes the preferential conversion of highly productive land.
Characteristics of quality farmland, (e.g., flat or well drained soils) are often sought for
development. Second, loss in terms of the opportunity foregone from the agricultural, open
space, and related amenity benefits would be experienced indefinitely. Though a decision to
restore the agricultural viability of a residential subdivision may be technically possible, it would
not be feasible due to enormous expense.

Development indirectly reduces the productive potential of surrounding agricultural land by
limiting its current or future use. In fact, impacts on the converted tract itself may be small in
comparison to the current and future consequences impacting adjacent farmland. As an example,
restrictions may be imposed on farming activities that affect the health, safety, and welfare of the
growing non-farming population. The application of pesticides or manure near residential areas
are two such activities for which society may demand new regulation. Much like current laws
restricting the location of confined feeding operations, new regulations could require minimum
separation distances between these activities and residential areas.

Scattered residential development also increases the potential for nuisance conflicts. Odor, noise,
and dust are potential problems associated with agricultural production. These problems can
often only be avoided by locating operations (especially confined feeding operations) away from
people. Furthermore, even if an area's proportion of agricultural land area remains high, but
available only in smaller scattered parcels, farmers may be prevented from employing newer
technologies that require more land to achieve full economies of scale. Such restrictions reduce
efficiency and increase production costs, perhaps even leading to premature idling of land.

A New Definition of Prime Agricultural Land

The United States Department of Agriculture (USDA) defines prime farmland as the land best
suited to food, feed, forage, fiber, and oilseed crops. Prime farmland produces the highest yields
with minimal inputs of energy and economic resources, and farming it results in the least damage
to the environment. County Soil Siurveys also follow this productivity-based approach to
identifying prime agricultural land. In fact, a county Soil Sinrvens not only contains yield data for
crops and pasture, but often specifically identifies soils considered prime farmland.
Consequently, the county Soil Sutrvey provides a preliminary definition of prime agricultural
land. However, problems created by direct and indirect effects of development indicate that,
within the context of land use planning and zoning, the definition of prime agricultural land must
be based on more than the traditional measures of soil productivity and crop yields. Instead,
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prime or select farmland should be defined by a combination of productivity and location. In the
rural and urban fringe areas of today, the distance to residential development is becoming an
increasingly important spatial characteristic affecting production.

Location can be incorporated in the definition of prime or select agriculture in the following
ways. First, soils of moderate or even low productivity should share the prime agriculture
designation if such soils are surrounded by large expanses of undeveloped, highly productive
soils. Second, productivity should become secondary to location characteristics if the area in
question supports confined feeding operations. Not only does separation by distance reduce the
nuisance element associated with this important aspect of agriculture, but separation distance
also provides surrounding farmland capable of supporting economical waste assimilation through
land application of manure. Third, the designation of prime agriculture should be extended to
include unique farmland located within expanding metropolitan areas. The current definition of
prime farmland employed by the USDA and the Natural Resources Conservation Service
(NRCS) specifically excludes highly productive soils from the "prime" status if they occur in
urban or "built-up" areas (see 7 U.S.C.§4201(c)(lYA)). This exclusion ignores the fact that
farmland located within a highly developed area provides market and nonmarket benefits to
society. While small "in-town" farming operations often provide higher-valued crops (such as
fruits and vegetables) to consumers, they also provide open space, scenic values, and related
amenity benefits. Such benefits are important in a planning and zoning context since they are
public goods and can contribute to a community's "quality of life."

Retaining Land in Agriculture:

The Zoning Example

Ruled constitutional by the U.S. Supreme Court in 1926 (see Euclid v. Amber Realty Co., 272
U.S. 365), zoning is justified under the police powers of the state to prevent land uses that
threaten the safety, health, morals, and general welfare of the public. Zoning ordinances
influence urban land use primarily through the physical isolation of uses. While zoning is the
primary method used to influence urban land use, relatively little zoning is practiced in rural and
urban-fringe areas.

Current planning and zoning practices provide only a weak device for retaining land in
agricultural. For example, in some Indiana counties, areas of prime agricultural land are given
the AA (Select Agriculture) designation in the zoning ordinance. While such a land use
designation may identify areas of agricultural importance, it does little to retain land in
agriculture when the ordinances are subject to variances, zoning amendments, and special
exceptions. Similarly, minimum lot size is the primary conventional zoning method used to
insure low residential density in rural areas. Unfortunately, two, five, or even ten acre residential
parcel size restrictions do little more than scatter development and consume or cripple prime
farmland. Even if the minimum lot size is forty acres or more, an ordinance does nothing directly
to prohibit nonagricultural uses of the tract. Furthermore, minimum lot size restrictions in
Indiana primarily address the public health concerns of on-site waste disposal systems, not
farmland preservation.

http://wwwv.agry.purdue.edu/landuse/prime.htm



Fortunately, unconventional zoning methods do exist to preserve prime agricultural land. Open
space zoning and exclusive agricultural zoning are two of the most promising. The conventional
approach to development results in an entire development parcel being covered with houselots
and subdivision streets. Open space zoning, on the other hand, relies on the principal of cluster
development, whereby new homes are clustered onto part of the development parcel. Clustering
allows the remainder to be preserved as productive farmland or unbuilt open space. Since only
the density and not the number of houses is changed, open space zoning can permanently protect
a substantial portion of every development tract's agricultural productivity without decreasing the
development potential for both landowner and developer.

Exclusive agricultural zoning is less frequently used than nonexclusive zoning such as open
space zoning, because it prohibits nonagricultural use of the land within the district. The main
advantage is that it ensures there will be no conflict between residential and agricultural uses.
However, the ordinances are more difficult to adopt because the farmland owners must forego
(often reluctantly) the opportunity to sell their land to residential developers.

A more landowner friendly form of exclusive agricultural zoning is the voluntary creation of
agricultural districts. The benefits which farmers obtain by voluntarily joining an agricultural
district may include differential assessment, protection against nuisance ordinances, and limits
on public investments for nonfarm improvements. Basic standards for reviewing district petitions
should be outlined in the County Zoning Ordinance, if not at the state level. Like any zoning
ordinance, however, its effectiveness can be undermined by a zoning authority's lax supervision
of rezoning and variance requests.

The Propcrty Rights Example

In addition to zoning, a county or local government can utilize transferable property rights to
provide a more lasting means of preserving prime or select agricultural land. A program for
transfer of development rights (TDR) allows landowners to sell their development rights to a
developer. In turn. the developer may use them to develop qualified lands at higher densities than
allowed under existing zoning laws. A TDR program allows local governments to steer
development to desirable areas (such as those with sufficient infrastructure) while assuming little
financial burden.

Under a similar program for purchase of development rights (PDR), landowners can sell
conservation easements to governmental agencies or nonprofit organizations. PDR involves the
purchase of a deed restriction on qualified farmland that restricts the future use of the land to
agricultural or open space uses, either permanently or for a specified period of time. While the
farmer retains the right to sell or transfer the land, it remains subject to the deed restriction
precluding any future development or activities that may negatively impact its agricultural
viability. An owner of agricultural land may also donate a conservation easement to a
governmental agency or charitable organization and receive a charitable deduction (see 26
U.S.C.. 6 1 70 (h)(4)(A)).

Acquiring the financial resources needed to purchase development rights is the greatest hurdle
for implementing a PDR program. Importantly, a planning commission/ordinance committee
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must carefully establishment criteria from which to determine a farm's eligibility for
participation in the program. Criteria should specifically target key parcels that would preserve
the county's agricultural potential and open space amenities.

Summary

Prime agricultural land differs from other agricultural land designations in that it generally
consists of highly productive soils. However, moderate and low productivity soils should be
designated prime if such soils lie within, or are surrounded by contiguous areas identified as
prime farmland. The inclusion of these soils may act to discourage development on the less
productive or sloping soils of an otherwise prime agricultural area. Should such development
occur, remaining prime agricultural land may no longer satisfy the requirements of a prime
designation. Productivity is also a secondary factor when considering prime land designations in
a rural area with confined feeding operations. Furthermore, "unique" farmland within
metropolitan areas can be considered prime if it provides a community with demanded farm
produce, open space, or related amenity benefits.

A variety of private and public land protection methods can be employed to protect agricultural
operations from the impacts of non-farm development. However, their success ultimately relies
on public and political support. Without that support, justification for prime farmland
conservation is difficult. Often, environmental, social, and aesthetic effects of prime farmland
loss are not readily quantifiable and most protection programs require administrative and
financial resources beyond that required for current zoning policies.
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