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~ ER SECTION 3.8
TRANSPORTATION OF RADIOACTIVE
| MATERIALS



3.8 Transportation of Radioactive Materials

This section addresses the transportation issues associated with siting and operating
anew reactor and isdividedinto two main subsections. Thefirst subsection addresses
the light-water-cooledreactor (LWR) designs presently being considered. The second
subsection addressesthe gas-cooled reactor designsalso being considered. Thissplit
addressesthe regulatory distinctionmade in 10 CFR 51.52 for light-water-cooled
reactors.

3.8.1 Lisht-Water-cooled Reactors

Asrequired by 10 CFR 51.52, every environmental report prepared for the construction
permit stage of alight-water-cooled nuclear power reactor (LWR), and submitted on or
after September 4, 1979, isto utilizeTable S-4, " Environmental Impact of Transportation
of Fuel and Waste To and From One Light-Water-cooled Nuclear Power Reactor," and
shall contain a statement concerning transportation of fuel and radioactivewastesto and
from thereactor.

Table S-4 (as provided in 10 CFR 51.52(c) and repeated in Table 3.8-3) is asummary
Impact statement concerning transportation of fuel and radioactivewastesto and froma
reactor. Thetableisdivided into two categoriesof environmental considerations:

(1) normal conditions of transport and (2) accidentsin transport. Thenormal conditions
of transport consideration are further divided into environmental impact, exposed
population, and range of dosesto exposed individualsper reactor referenceyear. The
"accidentsin transport” considerationis concerned with environmental risk. Under
"normal conditions of transport,” the environmental impactsof the heat of the fuel cask in
trangit, weight, and traffic density are described. Also the number and range of
radioactive doses to transportationworkers and the general public are described. Under
"accidentsin transport,” the environmental risk from radiol ogical effects and common
nonradiological causes such asfata and nonfatal injuries and property damage are
described.

To indicate that Table S-4 adequately describesthe environmental effects of the
transportation of fuel and wasteto and from the reactor, the reactor licensee must state
that the reactor and this transportation either meet dl of the conditionsin paragraph (a) of
10 CFR 51.52 or dl of the conditionsin paragraph (b) of 10 CFR51.52. Subparagraphs
10 CFR 51.52(a)(1) through (5) delineate specific conditionsthe reactor must meet to use
Table S-4 as part of its environmental report. Subparagraph 10 CFR 51.52(a)(6) states,
"The environmental impacts of transportation of fuel and wasteto and from thereactor,
with respect to normal conditions of transport and possible accidentsin transport, are as
set forth in Summary Table S-4 in paragraph (c) of thissection; and the valuesin the
table represent the contribution of thetransportation to the environmental costs of
licensing thereactor." Paragraph 10 CFR 51.52(b) statesthat reactors not meeting the
conditions of 10 CFR 51.52(a) shall make afull description and detailed analysisfor their
reactor equivalent to Table S-4.



Thelight water cooled reactor technol ogiesbeing considered have characteristicsthat fall
within the conditions of 10 CFR 51.52, for use of Table S-4, with one minor exception
for two of thereactor designs, i.e., rated coretherma power level. Theeffect of this
differencewill bediscussedlater. ="~ "~ """ "7

Thelight water cooled technologiesbeing considered areidentifiedin Section 1.1.3.
These designsinclude the ABWR (Advanced Boiling Water Reactor), the ESBWR
(Economic Simplified Boiling Water Reactor), the AP-1000 (Advanced Passive PWR),
the IRIS (International Reactor Innovative and Secure), and the ACR-700 (Advanced -
CANDU Reactor). The standard configurationfor each of these reactor technologiesis
asfollows. The ABWR isasingle unit, 4300 MWt, 1500 MWe reactor. The ESBWR is
asimilar BWR: single unit, 4000 MWt, 1390 MWe. The AP-1000 is asingle unit, 3400
MWt, 1117-1150 MWe pressurized water reactor, The IRIS is athree module
pressurized water reactor configuration for atotal of 3000 MWt and 1005 MWe. And the
ACR-700 is atwin unit, 3964 MWt, 1462 MWe, light-water-cooledreactor with a heavy
water moderator.

10 CFR51.52 ligts several conditionsthat need to be addressed by these reactor
technologies. If dl the conditions are satisfied by al of the reactor technologies, then the
Table S-4 valuesare appropriatefor usein the Early Site Permit. These conditionsare
reactor corethermal power; fuel form; fuel enrichment; fuel encapsulation; average fuel
irradiation; time after discharge of irradiated fuel before shipment; mode of transport for
unirradiated fuel; mode of transport for irradiated fuel; and mode of transport for
radioactive waste other than irradiated fuel. Therearetwo other conditionsin S-4 that
require that al radioactivewaste, with the exception of irradiated fuel, be packaged and
insolid form. Table3.8-1, “LWR TransportationWorkshest," was prepared to succinctly
show the reference conditionsalong with the values for the new reactor technologies.
The informationto complete the table was supplied by the reactor vendors.

10 CFR 51.52(a)(1) requiresthat the reactor have acore thermal power level not
exceeding 3800 megawatts. Of the considered LWR technologies, only the two boiling
water reactors, the ABWR and the ESBWR, exceed thisvalue. The ABWR hasacore
thermal power level of 4300 megawattstherma (MWt) whilethe ESBWR reactor power
level is4000 MWt. The higher rated core power level would typically indicate the need
for more fuel and thereforemore fuel shipments. Thisisnot the casein thisinstancedue
to the higher unit capacity and higher burnup for the reactors with the increased power
level. The annual fud loading for the reference reactor was 35 M TU while the annua
fuel loading for both the ABWR and ESBWR isonly 32.8 MIT'U.  In fact, the annual
MTU of fuel normalized to equivalent electrical generationis just slightly more than half
of the referenceLWR, 18.4 versus 35. This reduced annual MTU of fuel will mean
fewer shipments and less environmental impact. Also, WASW-1238 states: " The
analysisis based on shipmentsof freshfuel to and irradiated fuel and solid waste from a
boiling water reactor or a pressurized water reactor with design ratings of 3,000 to 5,000
megawatts therma (MWt) or 1,000 to 1,500 megawattselectrical (MWe).” Both the
ABWR and the ESBWR fall within these bounds.



10 CFR 51.52(a)(2) requires that the reactor fuel bein the form of sintered uranium

dioxide (UO,, pellets. The LWR technologiesbeing considered have a sintered UO,
pellet fuel form.

10 CFR 51.52(a)(2) requires that the reactor fuel have a uranium-235 enrichment not
exceeding 4% by weight. This condition has been modified by “NRC Assessment of the WoT
Environmental Effects of Transportation Resulting From Extended Fuel Enrichment and B
Irradiation™ as provided in 53FR30555 and 53FR32322. Thisreferenceaongwith

NUREG 1437, Generic Environmental Impact Statementfor License Renewal of Nuclear
Plants, concluded that 5% enrichment is also bounded. Based on this modification, the

LWR technologiesbeing considered meet this condition. -

10 CFR 51.52(a)(2) requiresthat the reactor fuel pellets be encapsulated in Zircaloy rods.
This has been modified by 10 CFR 50.44, which allows use of ZIRLO™. Based on this
modification, the LWR technologies being considered meet this condition.

10 CFR 51.52(a)(3) requires that the average burnup is not to exceed 33,000 megawatt-
days per metric ton of uranium (MWd/MTU). NUREG 1437, Generic Environmental
Impact Satement for License Renewal of Nuclear Plants, concludes that 62,000
MWdA/MTU for the peak rod is also bounded by the Table. Based on thismodification,
the LWR technologies being considered meet this condition. The average discharge
burnup in MWd/MTU ranges from alow of 20,500 for the ACR-700 to'a high of 55,200
for thelRISreactor technology.

10 CFR 51.52(a)(3) requires that no irradiated fuel assemblies be shipped until at least 90
days after it isdischarged from the reactor. Table S-4 assumes 150 days of decay time
prior to shipment of any irradiated fuel assemblies. For the LWR technologiesbeing
considered, five yearsis the minimum decay time expected before shipment of irradiated
fuel assemblies. Thefive-year minimum timeis supported additionally by two current
practices. Oneisper contract with DOE, who has ultimate responsibility for the spent
fuel. Fiveyearsisthe minimum coolingtime specified in 10 CFR 961, Appendix E. The
other practiceis the NRC specifies five years as the minimum cooling period when they
issue certificatesof compliance for casks used for shipment of power reactor fuel.
(NUREG-1437, Addendum 1, pp 26) In al likelihood, the decay timewill be at least ten
years and probably even longer. In addition to the minimum fuel storagetime, NUREG-
1555 Environmental Standard Review Plan, Section 3.8 asks for the capacity of the onsite
storage facilitiesto store irradiated fuel. The LWR technologies being considered are
designing for on-site storage of spent fuel for up to 60 years through a combination of
pool and dry storage.

10 CFR 51.52(a)(5) requires that uninadiated fuel be shipped to thereactor by truck. The
LWR technologies being considered are planning to ship their uninadiated fuel by truck.

10 CFR 51.52(2)(5) alows for truck, rail, or barge transport of irradiated fuel. The LVAR
technologies being considered comply with the transport mode. Three of the reactor
vendors identifiedrail as the shipment mode, two reactor vendors specified truck asthe



shipment mode, and the vendor for the ABWR and the ESBWR stated either rail or truck.
Of note, the DCEisresponsiblefor transport from reactor sites to the repository and
DOE will make the decision on transport mode. NUREG-1555, Environmental Standard
Review Plan, Section 3.8, also asksfor the estimated transportation distance from the
plant to the facility to which irradiated fuel will most likely to be sent. Recognizingthe

- uncertainty in predicting the future destinationof spent fuel in the United States, 2500
milesisutilized as abounding distance at this time. Thislength boundsthe approximate
average distance from typical reactor sitesto potential repository locationsin the US.

10 CFR 51.52(2)(5) requiresthat the mode of transport of low-level radioactivewasteis
either truck or rail. The LWR technologies being considered plan to ship their
radioactive waste by truck.

Finally, 10 CFR 51.52(a)(4) requiresthat with the exception of spent fudl, radioactive
waste shipped from the reactor is to be packaged and in asolid form. The LWR
technol ogies being considered will solidify and packagetheir radioactivewaste.
Additionally, existingNRC (10 CFR 71) and DOT (49 CFR 173,178) packaging ad
transportation regulations specify requirementsfor the shipment of radioactive materia.
The LWR technologiesbeing considered are also subject to these regulations.

In conclusion, since the LWR technol ogies being considered satisfy the basis 10 CFR
51.52(a) conditionsfor us¢, of Table S-4, the environmental impactsof transportation of
fuel and radioactive wastes are represented by the values givenin 10 CFR 51.52(c), Table
S-4. Thus, theradiological and nonradiological environmental impacts of transportation
of fuel to and from, and waste from, an LWR aresmall.



Table 3.8-1

Reactor
Technology

Characteristic
Reactor Power Level MWt

Fuel Form

U235 Enrichment

Fuel Rod Cladding

LWR-S4 Transportation Worksheet

ESBWR ABWR AP-1000 RIS ACR-700
{Single unit}| (Single unit) {Single Unit) | (3 Reactors) (Twin Unit)
Table 5-4 {4000 MWt) | (4300 MWi) (3400 MWt) {3000 MWt total) | (3964 MWt total)
Condition (1390 MWe) | (1500 MWe) | (1117 - 1150 MWe) | (1005 MWe total) | (1462 Mwe total)
not exceeding 4000 MWt 4300 MWt - 3400 3000 (1000 MWt 3964 (1982 MWt
3800 MWt per per reactor, 3 per reactor, 2
reactor reactors per plant) reactors per plant)
sintered UO, sintered U0, sintered UO, sintered UO, pellets sintered UO, sintered UG,
pellets pellets pellets pellets pellets
Not exceeding 4%; Initial Core < Initial Core < Initial Core Load fuel cycle average 2%
NUREG 1437 3.5%; Reload3.5%; Reload Regionl 2.35% ~ 4.85%;
concludes that 5% average <  average < Region 2 3.40% maximum
is bounded 45% 45% Region 3 4.45% assembly 4.95%;
Reload Average reload 4.75 -
451% 4.95%
Zircaloyrods; 10 Zircaloy ZircaloyZircaloy or ZIRLO™ ZIRLO™ Zircaloy-4
CFR 50.44 allows
use of ZIRLO
46,000 46,000 48,700 55,200 20,500

Average burnup MWd/MTU Not exceeding

33,000; NUREG
1437 concludes
62,000 MWd/MTU
for peakrod is
bounded
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382 Gas-cooled Reactors

3.8.2.1 Introduction and Background

The following assessment of the environmental impacts of the transportation of fresh and
spent fuel and low-level wasteto and from the reactor for gas-cooled reactor technologies
Isbased on a comparison of the key parameters and conditionsthat were used to generate
theimpactslistedin 10 CFR 51.52(c), Table S-4. This comparison can then demonstrate
that the environmental impacts of these gas-cooled reactor technol ogies are no worsethan
the impactsprevioudy identified in Table S-4 for the light-water-cooled technologies,
The premisebeing that if the values of themajor contributors to the health and
environmental impactsthat were used for thereference LWR are greater than those
comparable values for the gas-cooled reactor technologies, then the subsequentimpacts
would aso be greater and therefore bound| ng. It tisimportantto point out that. even

thathniconcern That is;for purposesof comparlng/evaluatmg cumulativei impacts, z
there can beincreasesin select individua contributorsif offset by decreasesin other :
contr| butors

The parametersthat have been chosen for purposes of comparison include not only the
major contributorsto the health and environmental impacts but also the conditionslisted
in 10 CFR 51.52. Themajor contributor to transportation risk is the number of
shipments. Basically, the more shipments, the morerisk; if there are no shipments, there
iIsnorisk. TheTableS-4 shipmentsincludefresh fuel for both initial coreloadingand
reloads, irradiated fuel, and low-level waste (LLW) from operations. Thesecond main
contributor to the transportationrisk would be the mode of shipment. In this case, only
trucks and trainsare considered. The last important risk factor relatesto what kind of
material isbeing shipped. In thecategory for irradiated fuel, we compared fisson
product inventory, krypton inventory, actinide inventory, total radioactivity, decay hedt,
and weight of shipment. For radioactive waste, we used the volume to determinethe
number of shipments. Radioactivity (Ci) was also estimated to assurethat the assumption
about the percentageof LLW that might require shielding was reasonable.

The 10 CFR 51.52 conditions are: reactor core thermal power; fuel form; fuel
enrichment; fuel encapsulation; averagefue irradiation; time after dischargeof irradiated
fuel beforeshipment; mode of transport for unirradiated fuel; mode of transport for
irradiated fuel; and mode of transport for radioactive waste other thanirradiated fuel. In
addition, there are two other conditionsthat requirethat all radioactive waste with the
exception of irradiated fuel be packaged and in solid form. Since existing packaging and
transportation regulations aready address those items and would aso apply to thesenew
reactor technologies, no further discussionis needed for these two conditions.

Before proceedingwith the evaluation, it isimportant to note that the NRC hasean
ongoing review of the safety of spent fuel transportation. The latest evaluationis



NUREG/CR-6672, "' Reexaminationof Spent Fuel Shipment Risk Estimates,” published

in March 2000. TheNRC in their document"An Updated View of Spent Fuel = 1,
Transportation Risk," concluded that the NUREG/CR-6672 study confirmed that earlier A
risk estimates (NUREG-0170, "'Finad Environmental Statement on the Transport of ) =

Radioactive Materiasby Air and Other Modes™) to the public remain conservativeby
factorsof 2to 10 or more; that existing regulations governing the shipment of spent fuel
are adequate; and no unreasonablerisk isposed to the public by the continued shipment
of spent fuel. Therange of conservativerisk factors coversdifferencesin mode of
transport (rail or truck) and either accident or accident-freescenarios.

These same NRC conclusions support the position that environmental assessmentsof the
transport casks do not have to be donefor the Part 71cask certificationsbecausethey
meet the categorical exclusioncriteriain 10 CFR 51.22(c)(13) that package designs used
for the transportation of licensed materialsdo not require an environmental review. As
discussed in 10 CFR 51.22(a), the NRC has determined that certain categories of
licensing and regulatory actionshave already been determined individually or
cumulatively to not have a significant effect on the human environment; thus, a separate
environmental assessment is not required. Asmentionedin the previous paragraph, a
generic assessment of the environmental effects associated with transportationof dl
radioactive material, including spent fuel, has already been done as provided in NUREG-
0170, "Final Environmental Statement on the Transportation of RadioactiveMateria by
Air and Other Modes," dated December 1977. Thisenvironmental impact statement
(EIS) providedthe regulatory basis for continued issuance of general licensesfor
transportation of radioactivematerial under 10 CFR 71. In addition, the NRC has
conducted a reexaminationof the risks associated with spent fuel shipmentsas
documented in NUREG/CR-6672. Thisreexamination concluded that the estimated risks
for future shipments are well below thosein the1977 study. Thus, NUREG-0170
remains valid as the basdline report on which National Environmental Policy Act (NEPA)
analyses of transportationrisk are based.

Table 3.8-1 captures the major features of the reference LWR that were used to develop
Table S-4 and compares these same features with the gas-cool ed reactor technologies
being considered. Thereference LWR pertainsto thetypical 1100 MWe light-water-
cooled nuclear reactor as described in WASH-1238. Theinformation to construct the
worksheet was taken from the “Normal Conditions of Transport" portion of the 10 CFR
51.52 Summary Table S-4 " Environmental Impact of Transportationof Fuel and Waste
to and from One Light-Water-cooled Nuclear Power Reactor,”” WASH-1238
"Environmental Survey of Transportation of Radioactive Materialsto and from Nuclear
Power Plants™ and Supplement 1 to WASH-1238 (NUREG-751038) for the reference
LWR. Theinformation for the reactor technologies was provided by the reactor vendors.

3.8.2.2 Analvsis

This section provides adetailed description of the comparison of the individual
characteristics supporting Table S-4 against the corresponding parametersfor the gas-
cool ed reactor technologies. The valuefor the referencereactor is given along with the



corresponding valuesor range of valuesfor the gas-cooledreactor technologies. As
appropriate, additional information and/or observationsare provided. Table 3.8-2, the
Gas-cooled Reactor Transportation Workshest, provides additional detailsregarding the
reactor technology specific values.

20
There are two gas-cooled reactor technologies presently being considered. Thesereactor A_’?ﬁ_g*
technologiesarethe GT-MHR (Gas Turbine-M odular Helium Reactor), and the PBMR 2
(Pebble Bed Modular Reactor). The standard configurationfor each of thesereactor -
technologiesis as follows. The GT-MHR isafour module, 2400 MWt, 1140 MWe gas- <5 /
cooled reactor. ThePBMRisan eight module, 3200 MWt, 1320 MWe gas-cooled T
reactor. The unit capacitiesfor thesereactors are as follows: 88% for the GT-MHR; 95% ( Lapnd
for the PBMR. These values are contrasted with the reference LWR, asingleunit, 1100
MWe plant with aunit capacity factor of 80%.

Before beginning direct comparisons, it isimportant to note that the plantsbeing -
considered are a different physical size, have adifferent electrical rating, and have a
different capacity factor from thereference LWR. In order to make proper comparisons,
we need to evaluate the characteristicsbased on equivaent criteria. Inthiscase, TES s
electrical generationis the metric of choice. Electrical generationiswhy the plantsare Lo o3 (=123
being built, and wewant to know if these new reactor technol ogies, for the same
electrical output, have agreater or lesser impact on thehealth and environment. The
reference LWR isan 1100 MWe plant with a capacity factor of 80%. Based on this, the
reactor technol ogiesshould be normalized to 880 MWe using their plant specific
electrical rating and capacity factor. For many of the characteristicsbeing examined,
this adjustment is not necessary. But in afew cases, specifically those dealing with the
number of shipments of fuel axd waste, an adjustmentis appropri ate. The amount of this
adjustment ranges from mi nu% 12% for the GT-MHRto mn’ms 30% for the PBM F\; 7

e L G0, T e L B e
3823TableS-4Conditions '~ L/ udoxows tr L e TR

Asdiscussed previoudy, Table S-4 lists several conditionsthat need to be addressed by
the new reactor technologies. These conditionsare reactor core thermal power; fuel
form; fuel enrichment; fuel encapsulation; averagefuel irradiation; time after discharge
of irradiated fuel before shipment; mode of transport for unirradiated fuel; mode of
transport for irradiated fuel; and mode of transport for radioactivewaste other than
irradiated fuel. Two other conditionsin S-4 requirethat radioactivewaste, with the
exception of irradiated fuel, be packaged and in solid form.

10 CFR 51.52(a)(1) requiresthat the reactor have acorethermal power level not
exceeding 3800 MWt. The gas-cooled reactors being considered meet this condition.
The GT-MHR has a core thermal power level of 600 MWt per module. The PBMR hasa
core thermal power level of 400 MWt per module.

10 R51.52(a)(1) requiresthat the reactor fuel bein the form of sintered UO; pellets.
The fuel form for the gas-cooled reactorsbeing considered is TRISO coated uranium



oxycarbide fuel kernelsfor the GT-MHR and TRISO coated uranium dioxidefud kernels
for thePBMR.

10 CFR 51.52(a)(2) requiresthat the reactor fuel have a uranium-235 enrichment not
exceeding 4% by weight. This has been modified by NUREG 1437, Generic
Environmental Impact Statement for License Renewal of Nuclear Plants, which
concluded that 5% enrichment is also bounded. ThePBMR has an equilibrium
enrichment of 12.9% whilethe GT-MHR fissile particleenrichment is 19.8%.

10 CFR 51.52(a)(2) requiresthat the reactor fuel pellets be encapsulated in Zircaoy rods.
This has been modified by 10 CFR 50.44, which allowsuse of ZIRLO. Thegas-cooled
reactors being consdered have a different configuration. The fuel kernels are coated with
layers of pyrolytic carbon and silicone carbide. These coatings are consideredthe
equivaent of thefud cladding. For the GT-MHR these TRISO fuel particlesareblended
and bonded together with a carbonaceousbinder. These are stacked within a graphite
block. For the PBMR, thefuel unitis a6 cm diameter graphite sphere containing
approximately 15000 TRISO fuel particles.

10 CFR 51.52(a)(3) requires that the average burnup isnot to exceed 33,000 MW d/MTU.
NUREG 1437, Generic Environmental Impact Satement for License Renewal of Nuclear
Plants, concludesthat 62,000 MWJd/MTU for thepeak rod is also bounded by the Table.

The gas-cooled reactors have an expected burnup of 133,000 MWd/MTU for the PBMR
and 112,742 MWd/MTU for the GT-MHR.

10 CFR 51.52(a)(3) requiresthat no irradiated fue assembliesbe shipped until & least 90
days after it is discharged from the reactor. TableS-4 assumes 150 days of decay time
prior to shipment of any irradiated fuel assemblieswith acondition of not lessthan 90
days. For the gas-cooled reactor technol ogiesbeing considered, five yearsisthe
minimum decay time prior to shipment of irradiated fuel assemblies. Thisis per contract
with DOE, who has ultimate responsibility for the spent fuel. In all likelihood, the decay
time will be a least ten years and probably even longer. The gas-cooled reactor

technol ogies being considered are designing for on-site storage of spent fuel for up to 60
years including potential modular storage expansions.

10 CFR 51.52(a)(3) requires that the unirradiated fuel be shipped to the reactor by truck.
The gas-cooled reactor technol ogies being considered are planning to ship their
unirradiated fuel by truck.

10 CFR 51.52(a)(3) allowsfor truck, rail, or barge transport of irradiated fuel. The gas-
cooled reactor technologies being considered plan to allow for irradiated fuel shipment by
truck. However, the actual mode of shipment will be determined by DOE and may
include either rail or truck shipments.

10 CFR 51.52(a)(3) requires that the mode of transport of low-level radioactivewasteis
either truck or rail. Thegas-cooled reactor technologiesbeing considered plan to ship
their radioactivewaste by truck.



Finally, 10 CFR 51.52(a)(4) requiresthat that, with the exception of spent fuel,
radioactivewaste shipped from thereactor is to be packaged and in asolid form. The
gas-cooled technol ogiesbeing considered will solidify and package their radioactive
waste, Additiondly, existingNRC (10 CFR 71) and DOT (49 CFR 173,178) packaging
and transportation regul ations specify requirementsfor the shipment of radioactive
material. The gas-cooled technologies being considered are also subject to these
regulations.

3.8.2.4 Risk Contributors— Shiprnents

This section discussesthe type and number of shipmentsfor the gas-cooled reactor
technologiesand the val ues used for the reference LWR.

The reference LWR assumed an initial core loading of 100 MTU for aPWR and 150

MTU foraBWR. These quantitiesresultedin 18 truck shipments. For the new gas-

cooled reactor technol ogies, the numbersof shipments were ggw%or the PBMR and 51 for

the GT-MHR. If normalized to the equivalent electrical output, the number of shipments ™,

would be 31 and’45 respectively. 23
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ThereferenceLWR assumed an annual reload of 30 MTU. Thisquantity resulted in 6

truck shipments. For the new gas-cooled reactor technol ogies, the numbers of reload

shipmentsranged from7%/for the PBMR to 20 for the GT-MHR. The number of ot

shipmentsnormalized to{the electrical generationchangesslightly to 1 /for theGT- = ** ¥ ”"j s
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With respect to the number of spent fuel shipmentsby truck, the reference LWR assumed
60 shipmentsannually. For the two gas-cooled reactor technol ogies, the number of
shipmentsis considerably less. The PBMR requires16 annual shipmentswhilethe GT-
MHR requires 38 truck shipmentsannually. Normalizingto the electrica generation
lowersthese numbersto 12 to 34, respectively.

Thereference LWR assumed 10 rail shipments annually of spent fuel. Sincethe gas-
cooled reactor technologies are not planning to ship their spent fuel by rail, no A
comparison isneeded. However, based on the comparison for truck shipments, fewer _ Lf”j ,,u I g
than 10 rail shipments annually would be expected if DOE decided to use larger and ,’;ﬂ.wpf‘- e
higher capacity rail transport casks for gas-reactor spent fuel. o
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Thereference LWR also considered transporting spent fuel by bargeand assumed 5
shipmentsannually. Since the gas-cooled reactor technologies are not planning to ship
their spent fuel by barge, no comparisonis needed.

The reference LWR assumes 46 shipmentsannually of low-level radioactivewaste. The
gas-cooled reactor technologieswill make far fewer shipments. The GT-MHR will need
only 6 shipmentswhile the PBMR will require 9 shipments annually. These results
assumethat 90% of the LLW can be shipped at 1000 ft* per truck, and the remaining 10%



can be shipped a 200 fi* per truck. If the numbersare normalized to electrical
generation, the numbers of shipmentsrange from 6to 7.

TheTable S-4 value, traffic density in trucks per day, for the reference LWR isgiven as
less than one per day. Both the gas-cooled reactor technologieswould also haveless than
one per day. Infact, the new gas-cooled reactor technol ogieswould have far fewer
shipmentsper year. ThereferenceLWR bounding annual valuefor truck shipmentsis
110 based on a 40 year period, while the normaized number of truck shipmentsfor the
gas-cooled reactor technologieswould require as few as 18 for the PBMR and only 41 for
the GT-MHR.

Therail dengity in cars per month for thereference LWR is given asless than 3 per
month. Since the gas-cooled reactor technologiesare not planningto make my
shipmentsby rail, no comparisonis needed. However, as noted above, if DOE decided to
userail transport for spent fuel instead of truck, fewer than 3 shipmentsper month would
be expected based on the expected larger capacity of rail spent fuel caskscompared to
truck casks.

3.8.2.5 Risk Contributors= Contents

This section addressesthe radioactive contentsof the shipments and their thermal 1oading
and compares them to the reference LWR. The radioactiveand decay heat vauesare AT
based on the earliest time of shipment. For the gas-cooled reactor technologies, the five- ¢ ‘j e o
year time was selected becauseit is the current minimum allowed time before shipment = e
per DOE contract. These valuesare compared with the reference LWR that used a 90- » A
day decay time. Ninety days wasthe minimum allowed time before shipment for Table  ~, +*"%
S-4. Sincewe are eval uatingthe transportationimpacts, it istheinventory and associated ¥ 4% T
decay heat a thetimeof shipment that is of interest, not theinventory and decay hesat at

o

'
any other particular time. ‘ )
Py and
The fission product inventory at the time of shipment for the reference LWR was 6.19 X
10° Ci per MTU. Thevaluesfor thefission product inventory at the time of shipment for
the gas-cooled reactor technol ogies were both much lower, from 3.5 to 4 times|ower. N N W

.. Theactinideinventory at thetime of shipmentin Ci per MTU for the referenceLWR was

1.42 x 10°. Because of thelonger burnup times for the new gas-cooled new reactor
technologies, both of thesereactor technol ogieshave valuesthat exceed the reference
LWR. The GT-MHR and the PBMR, exceed the reference LWR by = 64% and ~5%%,
respectively—This comparison changes significantly for the GT-MHR if one considers
the Ci per shipment, whichisreally what is of concern. The referenceLWR ships0.5
MTU-per truck cask whilethe GT-MHR ships about a third less 0.16044 MTU per truck
cask. Based on this comparison, the actinideinventory per shipment is about half (53%)
for the GT-MHR versus thereferenceLWR. Sincethe PBMR plansto ship 0.495 MTU
per cask, thereis essentially no differencefrom the comparison per MT'U.
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Thetotal rad|oact|ve|nventory|n Ci per MTU a thetime of sh|pmentf0r thereference  "“ess o

LWR was 6.33 x 10°. The new gas-cooled reactor technologies have much lower total -
radioactivity a time of shipment. The differencesare from 3 to dmost 4 times lower.

X

The krypton- 85|nventory in Ci per MTU e thetime of shipment for thereference LWR

] b3 P
was 1.13 x 10%. Both the GT-MER and the PBMR exceed thereferenceL WR by abouta <, ¥

factor of 2.3, As before, if one consdersthe Ci per shipment, the Kr-85 inventory for the W
GT-MHR would be about 71% of the Kr-85 reference LWR inventory. The PBMR
comparison remains essentially the same,

. . ‘ {
The kilowatts per MTU at the time of shipment for the reference LWR were27.1. This ;é&%;} 7

bt ﬁ jg;
_ For example, on an average annua basis, the new reactor technologiesrequire 69 to 105

valueisconsiderably higher than for the gas-cooled reactor technologies. At thetime of
shipment, the decay heat for the gas-cooled reactor technol ogies being considered ranges
from 6.36 kilowattsper MTU for the GT-MHR to 3.91 kilowatts per MTU for the
PBMR.

The decay hesat (per irradiated fuel truck cask in trangit) in kilowattsfor the reference
LWR was 10. Both the gas-cooled reactor truck casks generate much lessheat (5 to 10
times lower) per truck cask than thereference LWR.

Thedecay heat (perirradiated fuel rail cask in transit) in kilowattsfor thereference
LWR was 70. Since the gas-cooled reactor technologiesare not planningto ship their
spent fuel by rail, no comparisonis needed. However, should DOE €elect to transport by
rail, the expected decay heat would be less than 70 based on the comparison for truck
shipment.

At thetime of thereference LWR evaluation, the road limit was 73,000 |bs. Thishas
changed dlightly through theyears. 23 CFR 658.17 'Weight" statesthat for the Interstate
and Defense Highways the maximum gross vehicleweight shall be 80,000 pounds. In all
cases for the gas-cooled reactor technol ogies, the road limit is governed by state and
federal regulations.

3.8.2.6 Discussion

Of the close to 30 characteristics/conditions that were examined, there are only 8 that
were exceeded by the gas-cooled reactor technologiesbeing considered. Three of these
characteristics| h,ama no direct transportation i mpact on the health end the enV| ronment:
cyclei mpact issues assomated ‘with theﬁe characterl sticsthat are addressed as part of the
operatl ng license and as part of the evaluation of Table S-3"*Uranium fuel cycle data,"
respectlvely Two of these characteristics (number of shipmentsfor initial core loading

o Wand number of reload shipments) arereally a part of the overall truck transportation

. 4
£ p 480
i

picture. When one considersthe total number of truck shipments(fresh fuel, spent fuel,
and radioactive waste), the new reactor technologies have many fewer total shipments.

fewer truck shipments. Comparingthetotal number of shipmentsis appropriate sincethe



radiological impacts from fresh fuel are negligible. One characteristic, burnup, manifests
its impact through other characteristics, fuel inventory and decay heat at time of
shipment, which are addressed separately. |In the case of decay heat, both of the gas-
cooled reactor technologieswill generate fewer watts per MTU a time of shipment, and
fewer kW per truck cask at time of shipment. Thefud inventory will be discussed as part
of theremaining two characteristicsthat were exceeded: actinideinventory and krypton-
85 inventory.

That the actinideinventory per metric ton of spent fuel is greater for the majority of the
new gas-cooled reactor technologiesis not surprising, since actinide activity tendsto
increase with increasing burnup and both of the gas-cooled reactor technologiesplan a
higher burnup than thereference LWR. Theincreasein the actinide activity for the new
reactor technologiesranges from 59% to 65%. And as discussedin the previous section,
if one considersthe actinideinventory per shipment, only the PBMR exceedsthe
reference LWR by 59%. From NUREG/CR-6703 “Environmental Effects of Extending
Fuel Burnup Above 60 GWd/MTU,” we learn that *'none of the actinides contributes
more than one percent of the externa dose from an iron transportation cask, and asa
group, the actinidesdo not contributesignificantly to the dose from transportation
accidents. Infact, increasing the activitiesof Pu-238, Pu-239, Pu-240, Pu-241, Am-241,
Cm-242 and Cm-244 by more than afactor of 1000 only increased the cumulative dose
for atransportation accident during shipment of 43 GWd/MTU spent fuel fromthe
northeast to Clark County, NV from 0.0358 to 0.0359 person-mSv/shipment (3.58 x 107
t0 3.59 x 10 person-rem/shipment).” Thereis oneother areawhere the increased
actinideactivity needsto be considered and that is the corresponding increase in neutron
sourceterm. NUREG/CR-6703 states' because neutronsare effectively attenuated by
low-density materials such as plastics and water, it is believed that minor modifications
can be made to shipping casksto alow them to transport the higher burnup fuel at full
load."

Based on the analysis performed and the conclusionsdrawn in NUREG/CR-6703 which
show that actinidesare not major contributorsto the transportation risk, either incident
free or accident, and with the actinide activity only 59% greater, the environmental
impactswould still be bounded even for these higher burnups.

This leaves the Kr-85 inventory asthe final characteristicto be addressed. Theincrease
of Kr-85, along-lived noble gas, would suggest an increase of the consequences
associated with an accident that resulted in abreach of the fuel cask and fuel rods. The
range of increasefor the gas-cooled technologies being considered is from 121% to
133%. And asdiscussed in the previous section, if one considersthe Xr-85 inventory per
shipment, only the PBMR exceedsthe reference LWR. These amounts are based on a5-
year coolingtime. If thisdecay time were increased by about 11 years, slightly greater
than the half-lifeof Kr-85 (10.6 years), not an unlikely scenario by the way, thisincrease
would for the most part decay away. Another factor to consider is that transportationrisk
is afunction of both consequencesand likelihood. Becausethe new reactor technologies
require fewer truck shipments, the likelihood would decrease approximately 37% for the
reactor with the greatest Kr-85 inventory. Another factor to consider is that the accident



rate for largetrucks has steadily declined for more than the past 25 yearsand isless than .
half theratein 1975. Thus, the likelihood has decreased to about 37%(0.63 X 0.5) of
the 1975 likelihood. A final and major factor to consider isthat the cask regulationsare
based on allowablerel eases independent of theinventory. Thus, regardlessof the initial
sourceterm, if the cask releases more than aspecific acceptable amount, it would not be
licensed. Based on these considerations, the 5-year Kr-85 quantities would still be
bounded by the overall transportation risk profile provided by Table S-4.

3.8.2.7 Conclusion

In conclusion, this detailed comparison of the underpinnings of Table S-4 show that the
existing environmental and health effectsare still conservative and appropriatefor useby
the gas-cooled reactor technologies being considered. Of close to 30 characteristics
examined, only eight were exceeded by the new technologies. In these instances, either
they areindependent of any impact or there are mitigating factors and controlsto assure
that theseslight increases are bounded by theimpacts specified in Table S-4. This
conclusionis aso borne out by the observationthat these new reactor technologieswill
be using the same transportation modes and subject to the same NRC and DOT
regulationsfor packaging and transportation as the original analysis that was used to
develop Table S-4. Thus, the new reactor technologies under consideration and the
transportation of radioactive material associated with them meet the conditionsin 10 CFR
51.52(b).

3.8.3 Methodoloav Assessment

Asindicatedin Section 1.1.3, the selection of areactor design to be used for theEGC
ESP Facility is still under consideration. Selection of areactor to be used a the EGC
ESP Sitemay not be limited to those considered above. However, the methodology
utilized aboveis appropriate to evaluatethe final selected reactor. Further, should the
selected design be shown to be bounded by the above eval uation, then the selected design
would be considered to be within the acceptabl etransportation environmental impacts
considered for this ESP.
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Table 3.8-2

Reactor
Technology

Characteristic

Capacity

Normalization factor
Reactor Power Level MWt

Fuel Form

U235 Enrichment

Fuel Rod Cladding

L Y
Gas-cooled Reactor Transportation Worksheet -
Reference GT-MHR PBMR
LWR {4 Modules) (8 Modules) Comments

{Single unit) (2400 MWt total) (3200 MWt total)
(1100 MWe) {1140 MWe total) {1320 MWe total)

80% 88% 95%

1 0.88 0.7

= 34002400 (600 MWt per 3200 (400 MWt pernot exceeding 3800

module, 4 modules
per plant)

sintered UO, pellets TRISO coated

1% - 4%fissile particle 19.8%;
fertile particle natural

particle fuel with
uranium oxycarbide kernels
(UCO) kernal

uranium

zircaloy

Graphite

module, 8 modules MWt per reactor is
per plant)a condition for use

Sphere of TRISO
Coated UO, fuel

of Table S-4

Sintered UO, pellets
is a condition for
use of Table S-4

initial 4.9%; Not exceeding4%
equilibrium 12.9% is a condition for

use of Table S-4;
NUREG 1437
concludes that 5%
is bounded

Graphite Zircaloy rods are a

condition for use of
Table S4; 10 CFR
50.44 allows use of
ZIRLO)




Characteristic
Average burnup MWd/MTU

Unirradiated fuel
unirradiated fuel transport
mode

# of shipments for initial core
loading

# of reload shipmentslyear

Gas-cooled Reactor Transportation Worksheet cont.

Reference GT-MHR PBMR
LWR (4 Modules) {8 Modules)
{Single unit) {2400 MWt total) (3200 MWt total)
{1100 MWe) . (1140 MWe total) }; {1320 MWe fotal) [Comments
; {
33,000 | 112,742 | 133,000 Not exceeding
33,000 is a
‘ condition for use of
Table S-4; NUREG
1437 concludes
62,000 MWd/MTU
for peak rod is
bounded
truck truck truck shipment by truck is
a condition for use
of Table S-4
1851 shipments (1020{ 44 shipments 100 MTU for PWR;

fuel elements per (260,000 fuel spheres 150 MTU for BWR
module x 4 modules; per module x 8

80 elementsper ° modules, 48,000
truck) ~ spheres per truck)
620 shipments (520 & 3 shipments (18,000 30 MTU annual
elements per reload ; fuel spheres per reload
per 1.32 years x4 : module x 8 modules,
modules; 80 : 48,000 spheres per

elements per truck) ; truck)

i
i




Irradiated fuel

\

Gas-cooled Reactor Transportation Worksheet cont.

irradiated fuel transport mode truck, rail or barge

decay time prior to shipment

fission product inventory in Ci
per MTU after 5 year decay

Actinide inventory in Ci per
MTU after 5 year decay

Total radioactivity inventory
in Ciper MTU after 5 year
decay

Krypton-85inventory in Ci
per MTU after 5 year decay

Reference GT-MHR PBMR
LWR {4 Modules) (8 Modules)
(Single unit) {2400 MWt total) {3200 MWt total)
(1100 MWe) {1140 MWe total) {1320 MWe total) [Comments -
truck truck shipment by truck,

rail or barge is a
condition for use of
Table S-4

150 days five years five yearsNot less than 90
days is a condition
for use of Table S-
4; 5 years is per
contract with DOE

6.19x10° 1.55x10° 1.78x10° The value for the
LWR is for a 90 day
decay time.

1.42x10° 2.33x10° 2.26x10° The value for the
LWR is for a 90 day
decay time.

6.33x10° 1.78x10° 2.01x10° The value for the
LWR is for a 90 day
decay time.

1.13x10* 2.50x10* 2.63x10* The value for the

LWR is for a 90 day
decay time.




Irradiated fuel

watts per MTU after 5 year
decay

# of spent fuel shipments by
truck

heat({per irradiated fuel truck
cask in transit) kW

# of spent fuel shipments by
rail

heat(per irradiated fuel rail
cask in transit) kW

# of spent fuel shipments by
barge

Gas-cooled Reactor TransportationWorksheet cont.

Reference __GT-MHR-_ | _~"PBMR
LWR |~ (4 Modules) ; |-~ (8 Modules) V4
(Single unit) / 1 (2400 MWt total)-"| (3200 MWt total) |-~
(1100 MWe) { | (1140 MWe total) | (1320 MWe total) |Comments
2.71x10* 6.36x10° 3.91x10°The value for the

LWR is for a 90 day
decay time.

6038 shipments (520 16 shipments (12 0.5 MT of irradiated
elements per module shipments for 1000 fuel per cask
X 4 modules per 1. 32 Mwe)
years, 42 elements
per truck)

10 1.02 (6.356 kKW/MTU 1.9 (3.9 kw/MTU x
x 0.16044 .495 MTU/shipment)

MTU/shipment)

10 ) 0 0 Appendix B, Table
1 says 3.2 MT of
irradiated fuel per
cask, Appendix B,
Table 3 says 3.5

70 NA . NA

5 0 ]




radioactive waste

radioactive waste transport
mode

# of rad waste shipments by
truck

weight per truck Ibs.

# of rad waste shipments by
rail

weight per cask per rail car
tons

Transport totals

traffic density, trucks per day
rail density, cars per month

o

Gas-cooled Reactor TransportationWorksheet cont. -

Reference GT-MHR BBMR
LWR (4 Modules) (8 Modules)
(Single unit) (2400 MWt total) (3200 MWt total)
(1100 MWe) (1140 MWe fofal) (1320 MWe total) |Comments
truck or rail truck truck Shipment by truck
i or rail is a condition
\ for use of Table S-4
46é 51 100 Cilyr; 98 9 (800 drums) assumed 90% of
I “lyr) the waste shipped
at 1000 ft2 per
truck, 10% at 200
’ ft per truck
73,000 governed by state  governed by state current interstate
and federal and federal gross vehicle limitis
regulations regulations 80,000 1bs.(23 CFR
658.17)
11 (0] 0
100 100 100
less thanl less than 1 less than I
less than 3 0 0
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Table 3.8-3

Summary Table S-4-Environmental Impact of Transportation of Fuel and Waste To and From
One Light-Water-Cooled Nuclear Power Reactof

Normal Conditions of Transport

Condition
Vaue

Heat (per irradiated fuel cask in transit)
250,000 Btu/hr.

Weight (governed by Federal or State restrictions)
73,000 Ibs. Per truck; 100 tons per cask per rail car.

Traffic density:

Truck
Less than 1 per day.

Rail
Less than 3 per month.

Exposed Population
Estimated Number of Persons Exposed
Range of Dosesto Exposed individualsZ (per reactor year)
Cumulative Dose to Exposed Population (per reactor year)

Transportation workers

200
0.01 to 300 millirem

4 man-rem.

General public:

Onlookers

1,100
0.003 to 1.3 millirem
3 man-rem.

Along Route
600,000
0.0001 to 0.06 rnillirem

Accidents in Transport

Typesd Effects
Environmental Risk

Radiological effects



Smali*

Common (nonradiological) causes

1 fatal injury in 100 reactor years; 1 nonfatal injury in 10 reactor years; $475 property damage per
reactor year.

'Data supporting this table are given in the Commission's "Environmental Survey of
Transportation of Radioactive Materials to and from Nuclear Power Plants," WASH-1238,
December 1972, and Supp. 1 NUREG-75/038 April 1975. Both documents are available for
inspection and copying at the Commission's Public Document Room, 2120 L Street NW.,
Washington, DC and may be obtained from the National Technical Information Service,
Springfield, VA 22161 . WASH-1238 is available form NTIS at a cost of $5.45 (microfiche, $2.25)
and NUREG-75-038 is available at a cost of $3.25 (microfiche $2.25).

*The Federal Radiation Council has recommended that the radiation doses from all sources of
radiation other than natural background and medical exposures should be limited to 5,000
millirem per year for individuals as a result of occupational exposure and should be limited to 500
millirem per year for individuals in the general population. The dose to individuals due to average
natural background radiation is about 130 millirem per year.

*Man-rem is an expression for the summation of whole body doses to individuals in a group.
Thus, if each member of a population group of 1,000 people were to receive a dose of 0.001 rem

(1 millirem), or if 2 people were to receive a dose of 0.5 rem (500 millirem) each, the total man-
rem dose in each case would be 1 man-rem.

“Athough the environmental risk of radiological effects stemming from transportation accidents is
currently incapable of being numerically quantified, the risk remains small regardless of whether it
is being appiled to a single reactor or a multireactor site.
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7.4 Transportation Accidents

-

The assessment of transportation accidents is provided in Section 3.8, Transportation of
Radioactive Materids.
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5.7 Uranium Fuel Cycle Impacts

This section addresses the uranium fuel cycle environmental impactsand is divided
into two main subsections. The first subsection addresses the light-water-cool ed reactor
(LWR) designs presently being considered. The second subsection addresses thegas-
cooled reactor designs also being considered. This split addresses the regulatory
distinction made in 10 CFR 51.51 for light-water-cooled reactors.

5,7.1 Light-water-cooled'Reactors‘

10 CFR 51.51(a) states that "' Every environmental report prepared for the construction
permit stage of a light-water-cooled nuclear power reactor, and submitted on or after
September 4,1979 shall take Table S-3, Table of Uranium Fuel CydeEnvironmental
Data, asthe basis for evaluating the contribution of the environmental effects of uranium
mining and milling, the production of uranium hexafluoride, isotopic enrichment, fuel
fabrication, reprocessing of irradiated fuel, transportation of radioactive materialsand
management of low level waste and high level wastesrelated to uranium fuel cycle
activitiesto the environmental costs of licensing the nuclear power plant. Table S-3 shall
be included in the environmental report and may be supplemented by a discussion of the
environmental significance of the data set forth in the table as weighed in the analysisfor
the proposed facility."

Table S-3 of 10 CFR 51.51 isreproducedinits entirety herein asTable 5.7-3. Specific
categories of natural-resource useincluded in the table relate to land use, water
consumption and thermal effluents, radioactive releases, burial of transuranic and high-
and low-level wastes, and radiation doses from transportation and occupational
exposures. The contributionsin the table for reprocessing, waste management, and
transportation of wastes are maximized for either of thetwo fuel cycles (uraniumonly
and no recycle); that is, the cyclethat resultsin the greater impact is used.

Descriptions of the environmental impact assessment of the uranium fuel cycle as related
to the operation of light-water-cooledreactors are well documented by the USNRC. The
environmental impact of alight-water-cooledreactor onthe U.S. population from
radioactive gaseous and liquid rel eases (including radon and technetium) due to the
uranium fuel cycleis small when compared with theimpact of natural background
radiation. In addition, the nonradiological impacts of the uranium fuel cycle are
acceptable.

The light-water-cooled reactor technol ogies being considered are identified in Section
1.1.3. These LMR designsincludethe ABWR (Advanced Boiling Water Reactor), the
ESBWR (Economic Simplified Boiling Water Reactor), the AP-1000 (Advanced Passive
PWR), thel RS (International Reactor Innovative and Secure), and the ACR-700
(Advanced light-water-cooled version of the CANDU Reactor). The standard
configuration for each of these reactor technologiesis asfollows. The ABWRisasingle
unit, 4300 MWt, 1500 MWe reactor. The ESBWR isasimilar BWR: single unit, 4000
MWt, 1390 MWe. The AP-1000isasingle unit, 3400 MWt, 1117-1150 MWe



-

pressurized water reactor. ThelRISis athree module pressurized water reactor

configuration for atotal of 3000 MWt and 1005 MWe. And the ACR-700isatwin unit,
3964 MWt, 1462 MWe, light-water-cooled CANDU reactor.

These reactor technologies are all light-water-cooled nuclear power reactorswith
uranium dioxide fuel and therefore Table S-3 of paragraph (a) of 10 CFR 51.51 with the
current amendment (as givenin 49 FR 9381, March 12,1984 and 49 FR 10922, March
23, 1984) provides the environmental effects from the uranium fuel cyclefor these
reactor technologies.

5.7.2 Gas-cooled Reactors

5.7.2.1 Introduction and Background

Thissection provides an assessment of the environmental impacts of thefuel cycle, as
related to the operation of the gas-cooled reactor technologies, based on acomparison of
the key parameters that were used to generate the impacts listed in 10 CFR 51.51 Table
S-3 (and repeated in Table 5.7-3). The key parameters are energy usage, material
involved, number of shipments, etc. associated with the major fuel cycle activities. These
activities are mining and milling, uranium hexafluoride conversion, enrichment, fuel
fabrication, and radioactive waste disposal. Basicaly, the premiseis that if lessenergy is
needed, if fewer shipments arerequired, and if less material isinvolved in the process,
thenwith all other things being equal, the overall impacts are less.

There are two gas-cooled reactor technologies being considered at thistime. The GT-
MHR isafour module, 2400 MWt, 1140 MWe reactor that operatesat a unit capacity of
88%. ThePBMR is an eight module, 3200 MWt, 1320 MWe reactor operating at a 95%
unit capacity.

A key referenceis NUREG-1437, Generic Environmental Impact Statement for License
Renewal of Nuclear Plants, May 1996, which provides avery detailed look at theimpacts
to the environment from the nuclear fuel cycle. The document also looksat the
sensitivity of the changes to the nuclear fuel cycle on theimpacts to the environment. As
these changes are much more representative of the current and future situation than what
was considered in the WA SH-1248 Environmental Survey d the UraniumFuel Cycle
report, the conclusions of NUREG-1437 will be used in the following discussion.

Table 5.7-1, "The Gas-Cooled Fuel Cycle Worksheet™ was prepared to succinctly
capture the magjor features of the reference LWR fuel cycle that were used to develop
Table S-3 and compare these same features with the gas-cooled reactor technologies
being considered. This comparison can then help to demonstratethat the existing Table
S-3isappropriate for use by thesetechnologies. The premise beingthat if the values of
the major contributors to the health and environmental impacts that were used for the
reference LWR fuel cycle are greater than those comparable valuesfor the gas-cooled
reactor technologies then the published impacts would also be greater and suitablefor use
by the new reactor technologies. It isimportant to point out that even though we are



looking at the contributorsindividually, it isthe overall impact that is of concern. As
such, there can beincreasesin individual contributors, yet the total impacts can still be
bounded, if offset by decreases in other contributors,

Theinformation to construct the worksheet was taken from 10 CFR 51.51 Table S-3
""Uranium Fuel Cycle Environmental Data,” WA SH-1248 Environmental Survey of the
Uranium Fuel Cycle, and Supplement 1 to WASH-1248 (also known as NUREG-0116)
Environmental Survey of the Reprocessingand Waste Management Portions of the LWR
Fuel Cycle. The"referenceL W R refersto the model 1000 MWe light-water-cooled
nuclear reactor used as a basis for studying annual fuel related requirements as described
in WASH-1248. For the gas-cooled reactor technologies, information was gathered from
the reactor vendors, United States Enrichment Corporation (USEC) and ConverDyn.

5.7.2.2 Analytic Approach

The major activitiesof thereference LWR fuel cyclethat were considered in the WASH-
1248 report were uranium mining, uranium milling, uranium hexafluoride production,
uranium enrichment, fuel fabrication, irradiated fuel reprocessing, radioactive waste
management which includes decontamination and decommissioning, and transportation.
Three comments pertinent to this analysis are: 1) the WA SH-1248 report and this
evaluation only address the uranium fuel cycle (other fuel cycles such as thorium and
plutonium are not part of this effort), 2) irradiated fuel reprocessing isnot being
considered by any of the new reactor technologies and isnot included in this analysis,
and 3) the transportationimpacts are addressed based on the following premise - if the
quantity of material required by the new gas-cooled reactor technologies at each major
step of thefuel cycleisless than the reference plant, then the transportation impacts are
aso less. Comparingonly the number of shipmentsof material is appropriate since there
islittleif any radioactivityin thefuel cycle shipmentsconsidered by Table S-3.

The main featuresof the major activities of the reference LWR fuel cycle that were
identified as being the primary contributors to the health and environmental impacts are
asfollows. For themining operation, annual ore supply isthemajor determinant of
environmental and health impacts. Less orewill necessitate less energy, fewer emissions,
less water usage, and less land disturbed. Secondarily, the mining technique can play a
significant rolein any impacts. Open pit mining has by far the most environment impact,
followed by underground mining, with in situ leaching being the most environmentally
benign.

For the milling operation, annual yellowcake (U;Os) production is the metric of interest.
If aplant requires less U;Og than the reference plant, then there will be less energy
needed, fewer emissions, and lesswater usage. Thisisespecialy trueif in Stu leaching
was used to obtain the ore, because the major milling steps of crushing and grinding are
not required.

For the uranium conversion process, annual uranium hexafluoride (UF¢) production isthe
primary determinant of environmental impacts. If the new technology requires less UF;



than the reference plant, then there will be less energy required, fewer emissionsand | ess.
water used. Aswith the mining step, the conversion process (wet versusdry) isaso a
consideration. However, NUREG 1437 statesthat in either case " the environmental
releases are so small that changing from 100 percent use of one processto 100 percent of
the other would make no significant differencein the totals givenin TablesS-3 or S-4.”

For the enrichment operation, there are two quantities of interest. Thefirst quantityisthe
separativework units (SWU) needed to enrichthe fuel, and the second quantity isthe
amount of enriched UFs. The SWU isameasure of energy required to enrich thefuel.
More SWUs would by itself indicate not only more energy required but also more
emissions associated with the production of the energy needed and with that more water
usage. However, this assumes the sametechnology is used to achieve the enrichment.
Asdiscussedin NUREG 1437, the centrifugeprocess uses 90 percent less energy than
the gaseousdiffusionprocess. Sincethe major environmental impactsfor the entire fuel
cycleare from the emissions from thefossi| fueled plants needed to supply the energy
demandsof the gaseous diffusion plant, thisreduction in energy requirementsresultsina
fuel cyclewith much less environmental impact. With regard to the mount of enriched
UFg¢ produced, the major effect would be the number of shipments. More UF¢ would
necessitate more shipments, whilelessUFs would require fewer shipments.  Slight
increasesor decreaseswould probably result in the same number of shipments.

For thefuel fabrication process, the quantity of UO, produced is thevalue of interest.
Thisisreally equivalent to the annual fuel loading in MTU, which will also be eval uated.
Here again, the production of more UO, would require more energy, greater emissons,
and increased water usage. New reactor technologies with an annual fuel loading less
than the reference LWR plant would have less environmental impact, requiringless
energy, fewer emissions and less water usage.

Thelast activity to be addressed is radioactivewaste management. There are two aspects
of radioactivewaste that are considered aspart of Table S-3: operations and reactor
decontamination and decommissioning (D&D). For these activities, curies (Ci) of low-
level waste (LLW) from annual operationsand Ci of LLW from reactor (D&D) are the
measuresto consider. Curies by themselves are not adirect indicator of the potential
environmental impacts. The radionuclide, its half-life and type of emission, and its
physical and chemical form are the main contributorsto risk. While we recognizethis
distinction, for this bounding analysiswe will use curies as was donein the WASH-1248.
More curies generally indicate the potential for greater impacts, while fewer curies
indicate lesser impacts.

One of the clearest ways to conduct this comparison between the reference LWR and the
gas-cooled reactor technologiesisto start with the annual fuel loadingin MI'Ufor each
of thereactor technologies. The other activities more accurately originate from the need
for a certain amount of fuel. Using annua fuel loading as the starting point, the analysis
will proceed in the reverse direction for the fuel cycle until the mining has been
addressed, then the radioactive waste will be addressed. Before beginning this
comparison, it isimportant to recognizethat the plants being considered are a different



size, have adifferent electrical rating and have adifferent capacity factor from the
referenceLWR. Thereference LWR isa 1000 MWe plant with acapacity factor of 80%.
In order to make a proper comparison, we need to evaluate the activities based on the
same criterion. In thiscase, electrica generation is the metric of choice. Electrical
generation iswhy the plants are being built and we want to know if these new reactor
technologies, for the same electrical output, have agreater or lesser impact on human
health and environment. Based on this, the reactor technologieswill be normalizedto
800 MWe using plant specific electrica rating and capacity factor.

5.7.2.3 Analysis and Discussion

5.7.2.3.1 Fud Fabrication/ Operations

ThereferenceLWR required 35 MTU on an annual basis. Thisisequivaentto 40MT of
enriched UO,, the annual output needed from the fuel fabricationplant. In comparison,
the normalized annual fuel needsfor the new gas-cooled reactor technol ogiesranged
from 43 MTU to 5.3 MTU, approximately 88% to 85% lower than the reference plant.
Similarly, the annual output needed from the fuel fabrication plant rangefrom alow of
4.89 MT of UO; to 6.0 MT of UO,, again approximately 88% to 85% lower than the
referenceplant. The specific breakdownsare shown on Table 5.7-1. One important
distinctionisthat the fuel form for the gas-cooled reactorsis aso different. For the GT-
MHR, thefud isatwo-phase mixture of enriched UO, AND UC,, usually referredto as
UCO. For thePBMR thefuel kernel isUO,. Bothfuelsarethen TRISO coated. For the
GT-MHR these TRISO fuel particles are blended and bonded together with a
carbonaceoushinder. Thesefuel compacts are then stacked within a graphite block. For
the PMBR, thefue unitisa6 cm diameter graphite sphere containing approximately
15000 fuel particles,

Before concluding the potential impactsfrom the fuel fabrication process are less, the
gas-cooled reactors require adifferent fuel fabrication processatogether. The TRISO
coated fuel kernd is quitedifferent from the UO, sintered fuel pellet and as suchwould
require adifferent type of facility, Ideally, to ensurethe environmental impacts of this
changein fabrication process are bounded by the reference LWR fuel fabrication plant, a
comparison of the land use, energy demand, effluents, etc.,isin order. However, because
there are no planned or currently operating plantsin the United States, a direct
comparison cannot be made at thistime. Therefore, we have provided information on the
reference fuel fabrication plant along with conceptual design informationfor a TRISO
fabrication plant that was planned for the New Production Reactor and conceptual design
information recelved from one of the gas-cooled reactor vendors.

From WASH-1248, the reference LWR fuel fabricationplant produced fuel for 26 plants
(<910 M) , waslocated on asite of about 100 acres, required 5.2 million gallonsof
water per annual fuel requirement of 35 MTU, and required 1,700 MW-hours of
electricity per 35 MI'U. The WASH-1248 report aso states that nearly all of the airborne
chemical effluentsresulted from the combustion of fossil fuelsto produce electricity to
operate the fabrication plant. These numbersrepresented a very small portion of the



overal fuel cycle. For example, the electrical usage represented lessthan 0.5% of that
needed for the enrichment process, and the water use was less than 2% of the overall fuel

cycle.

The fud fabrication facility for the New Production Reactor was for amodular high
temperature gas reactor (MHTGR) design and was sized for just one plant, so any
comparisonswith the much larger reference LWR fuel fabrication plant are problematic.
Thedimensionsfor the fuel fabricationbuilding were 230 A X 150 ft. The annual
production was about 2 MTU. The plant required 960 kW of electrical power and 45
liters per minuteof water. Effluents consisted of 60 m /yr of miscel Ianeous non-
combustible solids and filters; 50 m*/yr of combustiblesolids; 50 m*/yr of process off-gas
and HVAC filters; 2.0 m*/yr of toolsand failed equipment; and process off-gases of
900,000 m*/yr. The process off-gasesconsisted of 74 % Nz, 12% O, 7.2% Ar, 6.4%
CO,, 0. 2% CO, and 0.02% CH3CC13 The activity associated with this off-gas: 0.01 pCi
alpha/m?®, and 0.01 pCi beta/m®.

The information gathered from one of the current reactor vendorswas for a plant
producing 6.3 MTU, about 19% more than the annual reload of 5.31 MTU for its reactor.
Again this plant was sized for just onereactor. This plant would require 10 MW of
electrical power with an annua dectrical usage of 35,000 MW-hr. The gaseous
emissionsconsist of 80 MT of nitrogen, 52 MT of argon, 22.4 MT of CO, 22 MT of
hydrogen and 3.7 MT of CO,. Thesolid wastetotals about 84 m® of LLW, 3 m® of
intermediate level waste, and the remainder samtary/mdustnal wastes. Theliquid
processi ng system would generate an additional 3.8 m® of LLW, would dlschargeabout
3700 m® of low activity agqueouseffluent, and would dischargeabout 45,000 m® of
industrial cooling water.

Becauseof the differencesin scaleand the state of design of thefacilities, it is not
possibleor appropriateto make adirect comparison of theimpacts. Obvioudy, thereare
economies of scale and designimprovementsthat will occur for a plant comparablein
sizeto thereferenceplant. Regardless, the projectedimpactsof a TRISO fuel plant based
on thetwo conceptual designs are not inconsi stent with the referenceplant and would be
operated within existing air, water, and solid waste regulations, Further; like the impacts
associated with the sintered UO; pellet plant, the impacts from a TRISO fuel plant would
still be aminor contributor to the overall fuel cycleimpacts. By characterizing the
Impacts as'' not inconsistent," we mean that while certain parameterssuch as electrical
usage for fuel fabrication might be higher for the gas-cooled plantson an annual fuel
loading basis, the environmental impacts from the TRISO plants as conceptualizedwould
still be bounded by the overall LWR fuel cycleimpacts.

5.7.2.3.2 Uranium Enrichment

In order to producethe 40 M T of enriched UO; for the reference LWR, the enrichment
plant needed to produce 52 MT of UFs, which required 127 MT of SWU. The
normalized enriched UF¢ needs for the new gas-cooled reactor technologiesranged from
6.38 MT of UFs to 7.9 MT of UF, approximately 88% to 85% lower. To produce these



quantities of UFs requiresfrom 124 MT of SWU to 163 MT of SWU, dlightly lower to
28% higher. Theenrichment SWU calculation for the new reactor technologieswas
performed using the USEC SWU cal culator and assumes a 0.30% tails assay, the same
value as for theNUREG-0116 reference plant. Using this calculator for the reference
LWR plant yielded 126 MT of SWU versusthe NUREG value of 127. Thisis very close
indicating that thislatest version of the USEC SWU calculator is appropriate for usein
this computation. Table5.7-2" Gas-cooled Reactor SWU and Feed Cal cul ation Results"
givesthe detail sof the computations.

The 28% increasein the MU of SWU would by itself indicate greater environmental
impacts. However, acloselook a theoriginal WASH 1248 analysis shows that the
environmental impacts are almost totally from the electrical generation needed for the
gaseous diffusion process. These impacts result from the emissionsfrom the electrical
generation that is assumed to be from cod plantsand from the associated water to cool
theplants. Today, and in the future, the enrichment processis and will be different. A
significant fractionof the enrichment services to US utilities today i s provided from
European facilities using centrifuge technology rather than the fifty-year-old gaseous
diffusion technology. For the future, two private companies, United States Enrichment
Corporation and Louisana Energy Services, are planningto develop centrifuge
technology intheUS. In fact, NRC hasjust recently accepted United States Enrichment
Corporation's centrifugelicense application for technica review, Centrifuge technology
requires less than 10% of the energy needed for the gaseous diffusion process and as such
the environmental impacts associated with the electrical generationwill be
correspondinglyless. Thistremendousreduction in energy and the associated
environmental impacts more than offsets a 28% increasein SWU.

5.7.2.3.3 UraniumHexafluoride Production

In order to providethe feed needed for the reference LWR to the enrichment plant, the
uranium hexafluoride plant needed to produce 360 MT of UFs. The normalized feed
needed for the new gas-cooled reactor technologies, the output from the uranium
hexafluoride plant, ranged from 241 to 303 MT of UFs, well below the reference plant.
Thefeed caculationswere performed using the USEC SWU calculator. Using this
calculator for thereference LWR yielded 353 MT of UF, versusthe NUREG vaue of
360. Againthisvaueisvery close(<2%,) to the published value.

5.7.2.3.4 Uranium Milling

To producethe 360 MT of UF¢ for the referenceLWR, 293 MT of yellowcake(U;0s)
from themill wasrequired. The normalized new gas-cooled reactor technologies needs
ranged from 193 MT of U305 to 243 U;0g, well beow the reference plant. These
yellowcakenumbers were generated using the relationship 2.61285 I bs of U305 to 1 kg of
UFs. Thisconverson factor was obtained from ConverDyn.

5.7.2.3.5 Uranium Mining




The raw ore needed to produce the 293 MT of yellowcake (U3Os) for the reference LWR
was 272,000 MT. Now assuming a 0.1% ore body and a 90% recovery efficiency, the
normalized new gas-cooled reactor technologiesore requirementsranged from 215,000
to 270,000 MT of ore, both below thereferenceplant. Of note, the NUREG table value
of 272,000 should beabout 325,600 using the same assumptions. It is not clear why this
number is different, but in any case, the gas-cooled reactor technologies are below the
published referenceplant value.

Uranium mining completesthe front end of thefuel cycle. However, therearetwo areas
on the down stream cycle to be considered. Thesearethe LLW generated by operations
and the LLW generated as past of the D&D process. As mentioned earlier, spent fuel
reprocessing is not germaneto this anaysis, and therefore, not discussed,

5.7.2.3.6 Solid Low-L evel RadioactiveWaste- Operations

For thereference LWR, 10 CFR 51.51, Table S-3, Table of Uranium Fudl Cycle
Environmental Data, states that there are 9,100 Ci of LLW generated annually from
operations. Therange of activity of LLW generated annually projected by the new gas-
cooled reactor technologiesis 65.4 Ci to 1,100 Ci, far below thereference LLW. This
decrease would aso suggest many fewer shipmentsto the disposal facility and less
worker exposure.

5.7.2.3.7 Solid Low-L evel Radioactive Waste — Decontaminati on and Decornrnissioning

10 CFR 51.51, Table S-3, states 1,500 Ci per Reactor Reference Y ear (RRY) "comes
from reactor decontamination and decommissioning - buried at land burid facilities,”
Based on thissmall quantity and the modifying phrase' buried at land burial facilities” it
Is clear that only waste suitable for shalow land burial isbeing considered. At thistime,
only general conclusionscan be drawn to indicate these gas-cool ed reactor technologies
would generate less D& D LLW than the reference plant. The new plants will operate
much cleaner than the reference LWR as evidenced by the annual generation of much
lessLLW. Improvementsin fuel integrity and differencesin fuel forrn as well astheuse
of thechemically and radiologically inert helium as the coolant are responsiblefor this
reduction and dso should contributeto both alower level and less overall contamination
to be managed during the D& D process. The plants higher thermal efficiency and higher
fuel burnup would produce less heavy metd radioactivewaste. Lastly, the plantsare
typically more compact than the reference LWR contributingto lessD&D waste. Of
note, the entry for the PBM R indicated approximately 15 times the RRY curie quantity of
D&D waste. Themain radionuclidesidentified for thiswaste are Co-60 and Fe-55 with
half-livesof 5.26 years and 2.73 years respectively. Based on these half-lives, after about
20 years the activity would be lessthan the reference LWR.

5.7.2.4 Summary and Conclusion

To recap, there are only two instanceswhere any part of the uranium fud cycle is/might
be exceeded by the new gas-cooled reactor technologies. These fuel cycle stepsare




enrichment, a 28% increaseand possibly D&D. As discussed above, the enrichment
requirement for SWU, whiledightly larger, can be conducted in amuch more
environmentally benign manner, centrifuge versus gaseous diffusion, from current
overseas sources or expected new domestic facilities. The net effect will be that the
environmental and healthimpactswill be less than thoseidentified in TableS-3. The
second area, decontamination and decommissioning, isaminor contributor to the fud
cycleimpacts. A dight increaseinthe D&D step ismore than offset by the significant
decreasesin theimpacts due to reduction in fuel needs and changesin the enrichment
process and mining technique.

In conclusion, this detailed comparison of the underpinningsof Table S-3 show
qualitatively that the existing WA SH-1248 environmental and health effectsare still
conservative and appropriatefor use by these new gas-cooledreactor technologies.
Collectively, improvementsin both past practices aswell as changesin technology have
resultedin afuel cyclewith lower environmental impact,

5.7.3 Methodology Assessment

Asindicated in Section 1.1.3, the selection of areactor designto be used for the ESP
Facility isstill under consideration. Selection of areactor to be used a the ESP Site may
not be limited to those considered above. However, the methodology utilized aboveis
appropriateto evauatethe. final selected reactor. Further, should the selected design be
shown to be bounded by the above evaluation, then the selected design would be
considered to be within the acceptable fuel cycle environmental impacts considered for
this ESP.

References:

10 CFR 51.5], Table S-3, Table of Uranium Fuel Cycle Environmental Data
NUREG-1437, Generic Environmental Impact Statement for License Renewal of Nuclear
Plants, May 1996

WASM-1248 Environmental Survey of the Uranium Fuel Cycle, April 1974

Supplement 1 to WASH-1248 aso known as NUREG-0116 Environmental Survey d the
Reprocessing and Waste Management Portionsd the LWR Fud Cycle, October 1976
EGG-NPR-8522, Rev. B NPR-MHTGR Generic Reactor Plant Description and Source
Terms, March 1991




Reactor
Technology

Facility/Activity

[

Mining Operations
Annual ore supply MT
Normalized annual ore supply MT
fraction of reference LWR
Calculated number

e

Milling Operations |

Annual yellowcake MT
Normalized annual yellowcake MT
fraction of reference LWR
Calculated number

IUfs Production l
Annual UFg MT

Normalized annual UFg MT
fraction of reference LWR
Calculated number

C

Table 5.7-1 Gas-cooled Fuel Cycle Worksheet

Reference GT-MHR PBMR
LWR (4 Moduies) (8 Modules)
(Single unit) (2400 MWt total) (3200 MWt total)
(1000 MWe) (1140 MWe total) | (1320 MWe total)
80% Capacity .| . 88% Capacity 95% Capacity

272,000 . 337140 337140

272,000 269712 214739

1 0.99 0.79

314,011 269712 214739

293 303 303

293 243 193

1 0.83 0.66

283 243 193

360 379 379

360 303 241

1 0.84 0.67

353 303 241



Facility/Activity

Enrichment Operations
Enriched UFg MT

Normalized enriched UFg MT
fraction of reference LWR
Calculated number

Annual SWU MT
Normalized annual SWU MT
fraction of reference LWR
Calculated number

Fuel Fabrication Plant
Operations

Enriched UO, MT

Normalized enriched UO; MT
fraction of reference LWR
Calculated number

Annual Fuel Loading
MTU

Normalized annual fuel
loading MTU

fraction of reference LWR

Reactor
Technology

(

Table 5.7-1 Gas-cooled Fuel Cycle Worksheet cont.

PBMR

Reference GT-MHR .

LWR (4 Modules) (8 Modules)
(Single unit) | (2400 MWt total) | (3200 MWt fotal)
{1000 MWe) (1140 MWe total) | {1320 MWe total)

80% Capacity 88% Capacity - 95% Capacity

52 8.0. 12.3
52 6.38 7.9
1 0.12 0.15
52 6.38 7.9
127 204 194
127 163 124
1 1.29 0.97
126 163 124
40 6.11 9.5
40 4.89 6.0
1 0.12 0.15
40 4.89 6.0
35 5.39 8.34
35 4.3 5.31
1 0.12 0.15
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Table 5.7-1 Gas-cooled Fuel Cycle Worksheet cont.

Yellow indicates a value
larger than Table S-3

References:
10CFR51.51, Table S-3 Table of Uranium Fuel Cycle Environmental Data

Notes:

The enrichment SWU calculation was performed using the USEC SWU calculator and assumes a 0.30% tails assay.

The information on the referencereactor (mining, milling, UF6, enrichment, fuel fabrication vaiues) taken from NUREG-0116, Table 3.2,
no recycling

The information on the reference reactor (solid radioactive waste) taken from 10CFR51.51, Table S-3

The calculated information on the referencereactor uses the same methodology as for the reactor technologies.

The normalized information is based on 1000 MWe and the reactor vendor supplied unit capacity factor.

For the new reactor technologies, the annual fuel loading was provided by the reactor vendor.

The USEC SWU calculator also calculated the kgs of U feed. This number was multiplied by 1.48 to get the necessary amount of UFs.

The annual yellowcake number was generated using the relationship 2.61285 Ibs of UaOs to 1 kg U of UFg, 1.185 kgs of U308 to 1.48 kg

of UF6
The annual ore supply was generated assuming an 0.1 % ore body and a 90% recovery efficiency.
Co-60 with a 5.26 year half-life and Fe-55 with a 2.73 year half-life are the main nuclides listed for the PBMR D&D waste.
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Reactor Kgs
Technology Uranium

Product
GT-MHR 5,394
PBMR 8,340
NUREG 0116 35,000
WASH 1248 35,000
Notes:

Weight
Percent
U235

19.80%
12.90%
3.10%

3.20%

Swu

Quantity
204373
194414
126,175

-147,280

The reactor vendor supplied the Kgs uranium product and weight percent U235.

The tails assay was assumed to be 0.3% to match NUREG-0116 with the exception of WASH 1248 which used a tail assay of 0.25%

Table 5.7-2 Gas-cooled Reactor SWU and Feed Calculation

Kgs of U
Feed
Required

255918
255679
238,455

223,965

The SWU Quantity and Kgs Feed Required were calculated using the USEC SWU Calculator
The results have not been normalized to equivalent electrical generation.

Tails
Assay

0.30%
0.30%
0.30%

0.25%
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Table5.7-3, 10 OFR 51.51 Table S-3- of Uranium Fuel Cycle Environmental Data®

[Normalized to model LWR annual fuel requirement WASH-12481or reference reactor year

[NUREG-0116]]

[See Footnotes at end of this table]

Environmental Total Maximum effect per annual fuel requirement or
Considerations : reference reactor year of mode! 1,000 MWe LWR
Natural Resource Use
|Land (acres)
Temporarily committed® 100
IUndisturbed area 79 ,
IDisturbed area 22 Equivalent to a 110 MWe coal-fired power plant.
(IPermanently committed 13
Overburden moved (milions 2.8 “iEquivalent to 85 MWe coal-fired power plant. ]
of MT)
ater (miliions of gallons)
iDischarged to air 160 =2 percent of model 1,000 MWe LWR with cooling
ltower.
Discharged to water bodies 11,090 ’
IDischarged to ground 127
Total 11,377  |i<4 percent of model 1,000 MWe LWR with once
; ’ through cooling. ‘ '
Fossil Fuel: o
Electrical energy 323 <5 percent of model 1,000 MWe output
l(thousands of MW-hour) : , :
Equivalent coal (thousands 118 Equivalent to the consumption of a 45 MWe coal-fired
of MT) ower plant.
INatural gas (millions of scf) 135 <0.4 perceni of model 1,000 MWe energy oufput.
Effluents-Chemical (MT) . '
Gases (including
entrainment):
SOy ‘ 4,400
NO,* 1,190 Equivalent to emissions from 45 MWe coal-fired plan
' for a year. :
Hydrocarbons 14 )
Cco 29.6
Particulates 1,154
Other gases
F .67 Principally from UFg, production, enrichment, and
‘Ireprocessing. Concentration within range of state
standards- below level that has effects on human
health.
HCl 014
Liguids:
SO-4 9.9 iIFrom enrichment. fiiel fahrication. and renracessing




(shallow)

INO-4 25.8 steps. Components that constitute a potential for
Fluoride 12.9 adverse environmental effect are present in dilute
g 54 concentrations and receive additional dilution by

CA : receiving bodies of water to levels below permissibie
iIC1° - 8.5 lstandards. The constituents that require dilution and
ma ¥ 12.1 ithe flow of dilution water are: NH3-600cfs., NO3-.
20cfs., Fluoride-70cfs,
NH3 10.0
Fe . 4
Tailings Solutions 240~ |IFrom mills only-- no significant effluents to
(thousands of MT) environment,
Solids 91,000 |Principally from mills-- no significant effiuents to
environment
Effluents-- Radiological '
l(curies) N
iGases (including
entrainment):
Rn-222 Presently under reconsideration by the Commission.
IRa-226 .02
Th-230 .02
Uranium .034
Tritium (thousands) 18.1
C-14 24
Kr-85(thousands) 400 : :
Ru-106 14 Principally from fuel reprocessing plants.
I-129 1.3 ‘
1-131 .83 ,
Tc-99 Presently under consideration by the Commission
iFission products and .203 '
transuranics -
Liguids:
Uranium and daughters 2.1 Principally from milling-- included tailings liquor and
: returned to ground -~ no effluents; therefore, no effect
on the environment. '
Ra-226 .0034 From UFe production.
Th-230 » 0015
h-234 .0t From fuel fabrication lants concentration 10
I percent of 10 CFR 20 for total processing 26 annual
fuel requirements for model LWR.
Fission and activation 5.9x10°
Eroducts _
Solids (buried on.site):...
bther than high level 11,300 19,100 Ci comes from low level reactor wastes and

1,5000 Ci comes from reactor decontamination and
decommissioning -- buried at land burial facilities. 600
Ci comes from mills -- included in tailing returned to
iground. Approximately 60 Ci comes from conversion
gand spent fuel storage. No significant effluent to the

__tenvironment.




TRU and HLW (deep) 1.1 x 10" |Buried at Federal Repository 5

Effluents-- thermal (billions 4,063 <5 percent of model 1,000 MWe LWR,
jof British thermal units)

Transportation (person-

rem):

Exposure of workers and 25

general public

l;f(-)ccupational exposure 22,6 [From reprocessing and waste management. |

[49 FR 9381, Mar. 12, 1984; 49 FR 10922, Mar. 23, 1984}

' in some cases where no entry appears it is clear from the background documents that the
matter was addressed and that, in effect, the Table, should be read as if a specific zero entry had
been made. However there are other areas that are not addressed at all in the Table. Table S-3
does not include health effects from the effluents described in the Table, or estimates of releases
of Radon-222 from the uranium fuel cycle or estimates of Technetium89 released from waste
management or reprocessingactivities. These issues may be the subject of litigation in the
individual licensing proceedings.

Data supporting this table are given in the Environmental Survey of the Uranium Fuel Cycle,"
WASH-1248, April 1974; the "Environmental Survey of Reprocessing and Waste Management
Portion of the LWR Fuel Cycle," NUREG-0116 (Supp. 1 to WASH-1248); the "Public Comments
and Task Force Responses Regarding the Environmental Survey of the Reprocessing and Waste
Management Portions of the- LWR Fuel Cycle,"” NUREG-0216 (Supp.2 to WASH-1248): and in the
record of final rulemaking pertaining to Uranium Fuel Cycle impacts from Spent Fuel
Reprocessing and Radioactive Waste Management, Docket RM-50-3. The contributions from
reprocessing, waste managementand transportation of wastes are maximized for either of the
two fuel cycles (uranium only and fuel recycle). The contribution from transportation excludes
transportation of cold fuel to a reactor and of irradiated fuel and radioactive wastes from a reactor
which are considered in Table S-4 of §51.20(g). The contributions from the other steps of the fuel
cycle are given in columns A-E of Table S-3A of WASH-1248.

% The contributionsto temporarily committed land from reprocessing are not prorated over 30
years, since the complete temporary impact accrues regardless of whether the plant services one
reactor for one year or 57 reactors for 30 years.

® Estimated effluents based upon combustion of equivalent coal for power generation.

4 1.2 percent from natural gas use and process.



ACRONYMS

The following list givesthe major acronyms and abbreviations that were used in the ER
sections and supporting documentation.



Acronyms

ABWR
ACR-700
AECL
AP-1000
BWR
CANDU
CFR
D&D
DOE
DOE-NE
DOT
ESBWR
ESP

FR
GT-MHR
INEEL
IRIS

ISL

kW

LEU
LLW
LWR
MT
MTU
MWd
MWe
MWt
NEI
NRC
NUREG
PBMR
PWR
RRY
SECY
SWU
TRISO

UCO
USEC

Advanced Boiling Water Reactor

Advanced CANDU Reactor

Atomic Energy of Canada, Limited
Advanced Passive Pressurized Water Reector
BoilingWater Reactor

Canada Deuterium Uranium

Code of Federal Regulations
Decontamination and Decommissioning

U. S. Department of Energy

DOE Officeof Nuclear Energy, Science and Technology
U. S. Department of Transportation
Economic Simplified Boiling Water Reactor
Early Ste Permit

Federa Register

Gas Turbine-ModularHelium Reactor
Idaho National Engineering and Environmental L aboratory
International Reactor Innovative and Secure
insitu leaching

kilowatt

Low Enriched Uranium

Low-level Radioactive Waste

Light Water Reactor

MetricTon

Metric Ton Uranium

Megawaitt days

Megawait electric

Megawatt thermal

Nuclear Energy Institute

Nuclear Regulatory Commission

Nuclear Regulatory Commission Regulation
Pebble Bed Modular Reactor

Pressurized Water Reactor

Reactor Reference Y ear

NRC Office of the Secretary
SeparativeWork Unit

Fud kemd coating — three layers of pyrolytic carbon, onelayer of sllicon

carbide
uranium oxycarbide
United States Enrichment Corporation
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PRESENTATIONS

This section provides copies of the threedlide presentations that were givento theNRC
on September 25,2002; December 5,2002; and January 29, 2003.
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V-104

{ 1V

(INEEL 2003)

General Observations (cont.)

= Fuecl fabrication similar for light water
reactors, different for gas-cooled reactors

= L ow-level waste generation from operations
much less

= Transportation regulations similar

s Recent evaluations still support conclusion
that transportation impacts are minimal

Nf( E I
o ’

V-104
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VENDOR DATA SUBMITTALS

Thefollowing section is divided into seven subsections for the seven reactor technologies
that were considered. The seven sections arethe ABWR, ESBWR, AP-1000,-IRIS,
ACR-700, GT-MHR and the PBMR. Alongwith the vendor data submittalsare
subsequent e-mail discussions that modified some of the original supplied data.






ABWR



"Beard, James A. (PS, To: "Beard, James A. (PS, NE)" <james.beard@gene.GE.com>,

NE)" rn@inel.gov
<james.beard@gene.G cc: "Carnbria, Michael (Parsons)" <Michael.Cambria@parsons.com>,
E.com> "Smith, Marvin (Dominion)" <Marvin_Smith@dom.com>, "Semmes,

Spencer {(Dominion)" <Spencer_Semmes@dom.com>, "Atambir S.

02/13/2003 08:46 AM Rao (PS, NE) (E-malil)" <atambir.rac@gene.GE.com>

Fax to:
Subject: RE: ABWR Decay Heat Loads for 5 year Old Fuel

Al :

Let me try again with the information in an attached file and not as an
er nbeeded obj ect . '

Al an
<<5 year decay heat.doc>>
S e Oiginal Message-----
> From Beard, Janes A (PS, NE)
> Sent: Thur sday, February 13, 2003 §:27 AM
> To: 'rln@inel.gov’
> Cc: ‘Cambria, Mchael (Parsons)'; 'Smth, Marvin (Dom nion)';
'Semmes .,
> Spencer (Dom nion)’
> Subj ect : ABWR Decay Heat Loads for 5 year Add Fuel
>
> Robert :
>
> Pl ease revise the information regardi ng decay heat of 5 year old fuel that
> we provided previously with the information bel ow
>
> Let me know if you have any furhter questions.
>
> g GE NUCLEAR ENERGY
>
>J. Aan Beard
>
> Program Manager
> James. Bear d@ene. ge. com
> Wor k Phone (301) 208-1460 or (408) 925-3524
> Cel | Phone (301) 461-3497
>
>
>
> << OLE (pject: Device |Independent Bitmap >>

5 year decay heat.d



Table 5-2, Decay Heat after Five Years Cooling (no uncertainty allowance)

Initial Core Discharge Reload Core Discharge
Relative Decav Heat after 5 vrs . 7.800x10° 9.886x10°
Deeay Heat (MW/MITY) 2.14x107 e 271x10°

Table 5-3, Decay Heat after Five Years Cooling (two sigma uncertainty allowance)

¥

Initial Core Discharge Reload Core Discharge

| Relative Decay Heat after 5 yrs 8.398x10° A 1.060x10™

Decay Heat (MW/MTU) 2.30x10° 2.90x103




"Beard,James A. (PS,NE)" <james.beard@gene.GE.com> on 02/12/2003
08:56:50 AM

To: rin@inel.gov
cc:

Subject: FW: Spent Fuel Radioactivity
Bob:

Attached is a table with the radioactive inventory of the ABWR spent fuel
5 years after discharge fromthe reactor. Let ne knowif you have any
questions or concerns.

Al an

<<Corelnventory.doc>>

Provi de estimates of the spent fuel inventories and radioactivity, in G
per MIU, after 5 years of decay

Fi ssi on product inventory

Actinide inventory

Total radioactivity

krypton-85 inventory

The reactor type is an ABWR at a power |evel of 4300 MWt
The fuel type 1s GE 14 with the follow ng characteristics.

VVVVVVVVVVVVVVVVYVVVVVVVVVVVVVVVYV

Initial Rel oad 1 Rel oad 2'to Eq.

Core
Core Size, nunber of bundl es 872 872 872
Core Thermal Power, MwWth 4300 4300 4300
Operating Cycle Length, days 605 605 605
Oper ating Capacity Factor, % 100 100 1100
Ref uel i ng Qut age Duration, days 30 30 30
Refuel i ng I nterval, nonths 21 21 21
Loaded Batch Size 872 240 316
Bat ch Average Enrichment, w/o U235 3.5 4.5 4,
Aver age Bundl e Mass, KgU 180 180 180
Bat ch Average Burnup, GWd/MT 36 46 46

VVVYV

Coreinventory.d



FiveYear Decay Inventory, GE Fuel

Activation Products Actinides + Daughters Fission Products
Isotope Curie/MTU Isotope Curie/MTU Isotope Curie/MTU
Ag-109m 7.76E-04 Am-241 1.34E+03 Ag-108 3.44E-06
Ar-37 5.48E-16 Am-242 3.32E+01 Ag-10Sm 1.36E-04
Ar-39 3.42E-04 Am-242m 3.34E+01 Ag-110 4.44E-01
C-14 7.70E-01 Am-243 3.24E-t-01 Ag-110m  3.34E+01
Ca-41 1.18E-03 Am-245 2.50E-09 Ba-137m  1.18E+05
Ca-45 8.65E-04 Bi-212 4.45E-02 Cd-113m 6.13E+01
Cd-109 7.76E-04 Bk-249 1.72E-04 Cd-115m 6.79E-10
Cd-115m 1.12E-13 Cm-241 1.01E-17 Ce-141 1.49E-11
CI-36 1.86E-02 Cm-242 5.51E+01 Ce-144 1.14E+04
Co-58 7.49E-05 Cm-243 3.69E+01 (3-134 4.81E+04
Co-60 2.73E+03 _— Cm-244 4.86E+03 Cs-135 8.22E-01
Cr-51 5.28E-16 Cmn-245 6.56E-01 (3-137 1.24E+05
Eu-152 1.08E-03 Cm-246 1.41E-01 Eu-152 1.09E+01
Eu-154 1.53E+02 Np-235 5.01E-04 Eu-154 1.01E+04
Eu-155 7.14E+01 Np-237 6.16E-01 Eu-155 5.22E+03
Fe-55 3.35E+03 Np-238 1.67E-01 Gd-153 1.41E-01
Fe-59 4.32E-10 Np-239 3.24E+01 H-3 5.34E-1-02
Gd-153 2.26E+01 Np-240m 9.23E-07 I-129 4.20E-02
H-3 5.24E-04 .- Pa-233 6.16E-01 In-114 4.21E-11
Hf-175 3.05E-07 Pa-234m 3.13E-01 In-114m 4,39E-11
Hf-181 1.08E-10 Pb-212 4.49E-02 - In-115m 4,77E-14
Ho-166m 2.39E-02 Po-212 2.88E-02 Kr-85 8.90E+03
In-113m 1.95E-02 Po-216 4.49E-02 Nb-93m 7.54E-01
In-114 1.63E-09 Pu-236 3,56E-01 Nb-95 6.78E-03
In-114m 1.70E-09 Pu-237 4.37E-12 Nb-95m 2.27E-05
Ir-192 8.59E-08 Pu-238 6.14E+03 Pd-107 1.46E-01
K-42 1.63E-12 Pu-239 3.87E+02 Pm-146 1.84E+00
Lu-177 9.04E-07 Pu-240 6.15E+02 Pm-147 3.37E+04
LLi-177m 3.93E-06 Pu-241 1.22E+05 Pm-148 8.59E-11
Mn-54 3.46E+01 Pu-242 2.24E+00 Pm-148m  1.52E-09
Mo-93 1.95E-02 Pu-243 5.85E-07 Pr-144 1.14E+04
Nb-93m 1.98E-01 Ra-224 4.49E-02 Pr-144m 1.37E+02
Nb-94 1.76E-01 Rn-220 4.49E-02 Rh-102 4.67E-01
Nb-95 4.55E-04 Th-228 4,49E-02 Rh-103m 1.09E-08
Nb-95m 1.52E-06 Th-231 2.20E-02 Rh-106 1.64E+04
Ni-59 2.5%E+00 Th-234 3.13E-01 Ru-103 1.21E-08
Ni-63 4.20E+02 TI-208 1.61E-02 Ru-106 1.64E+04
P-32 2.89E-08 U-232 6.00E-02 Sh-124 1.17E-06
Re-188 9.56E-08 U-234 1.47E+00 Sbh-125 4.45E+03
Ru-103 8.38E-16 U-235 2.20E-02 Sb-126 1.438-01
S-35 1.84E-05 U-236 3.77E-01 Sb-126m  1.02E+00
Sh-124 2.93E-08 U-237 3.00E+00 Se-79 5.61E-01
Sh-125 9.16E+02 U-238 3.13E-01 Srn-151 5.60E+02

c:otusinotes\data\coreinventory.doc 2/13/2003



Five Y ear Decay Inventory, GE Fuel

Activation Products Actinides + Daughters Fsson Products
Isotope Curie/MTU Isctope Curie/MTU | sotope Curig/MTU
Sc-46 7.04E-07 U-240 9.23E-07 Sn-119m 1.24E+00
Sn-113 1.95E-02 Total 1.36E+05 Sn-121m 2.46E-01
Sn-119m 5.20E+01 Sn-123 1.60E-01
Sn-121im 1.12E+00 Sn-126 1.02E+00
Sn-123 2.40E-02 Sr-89 8.33E-06
Sr-89 8.94E-10 Sr-90 8.85E+04
Sr-90 6.68E-03 : Tbh-160 3.14E-05
Ta-182 1.74E-01 Tc-99 1.74E+01
Th-160 1.49E-03 Te-123m 6.79E-04
Tc-99 4.80E-03 Te-125m 1.09E+03
Te-123m 2.45E-04 Te-127 1.02E-01
Te-125m 2.24E+02 Te-127m 1.04E-01
Te-127 7.52E-07 Te-129 1.02E-12
Te-127m 7.67E-07 Te-129m 1.57E-12
Tm-170 2.43E-07 Y-90 8.85E+04
W-181 1.82E-04 Y-91 3.38E-04
W-185 1,08E-05 Zr-93 2.50E+00
W-188 9.46E-08 ' Zr-95 3.05E-03
Y-90 6.68E-03 Tota 5.87E+05
Y-91 6.98E-08
Zn-65 2.39E-03
Zr-93 6.86E-01
Zr-95 2.05E-04
Total 7.98E+03

I . \/\
N ﬂ(?‘i\"’
,{@

c:\Votusinotesidatalcoreinventory.doc 2/13/2003



Adtivation Products

Isotope Curie/MTU
Ag 7.78E-04
A 3.42E-04
Be 2.12E-06
C 7.70E-01
@) 2.05E-03
cd 7.76E-04
cl 1.86E-02
Co 2.73E+03
Cr 5.28€-16
Eu 2.24E+02
Fe 3.35E+03
Gd 2.26E+01
H 5.24E-04
Hf 1.01E-06
Ho 2.39E-02
I 1.75E-13
In 1.95E-02
Ir 1.70E-07
K 3.20E-08
Lu 4,84E-06
Mn 3.46E+01
Mo 1.95E-02
Nb 3.75E-01
Ni 4,23E+02
Os 7.29E-10
P 2.89E-08
Pb 8.97E-08
Re 2.45E-07
Ru 2.66E-14
S 1.84E-05
S 9.16E+02
Sc 7.04E-07
Si 2.88E-08
Sm 4,19E-06
S 5.32E+01
Sr 6.68E-03
Ta 1.74E-01
Tb 1.49E-03
Tc 4.80E-03
Te 2.24E+02
Tm 7.28E-06
Y 2.01E-14

c:Votus\notes\data‘coreinventory.doc

Five Year Decay Inventory, GE Fuel

Adinides+ Daughters

|sotope Curie/MIU
Am 1.44E+03
Bi 4,49E-02
Bk 1.72E-04
Cm 4.95E+03
Np 3.32Et01
2] 9.30E-01
Pb 4,49E-02
Po 7.36E-02
Pu 1.29E+05
R 4.49E-02
Rn 4.49E-02
Th 3.80E-01
Tl 1.61E-02
U 5.24E--00
Totd 1.36E+05

FHsion Products
Isotope  Curie/MTU
Ag 3.38E+01
Ba 1.18E+05
Cd 6.13E+01
G 1.14E+04
Cs 1.72E+05
Eu 1.53E+04
™ 1.41E-01
H 5.34E+02
Ho 4,51E-03
| 4,20E-02
In 9,98E-11
Kr 8.90E+03
La 1.47E-10
Nob 7.61E-01
Nd 2.17E-09
Rd 1.46E-01
Pm 3.37E--04
Pr 1.15E+04
Rb 2.99E-05
Rh 1.64E+04
Ru 1.64E+04
D 4.45E+03
S 5.61E-01
9n 5.60E+02
S 2.66E-+00
Sr 8.85E+04
Tb 3.14E-05
TC 1.74E+01
Te 1.09E+03
Xe | 6.58E-17
Y 8.85E+04
Zr 2.50E+00
Totd 5.87E+05

2/13/2003



y

Activation Products

Isotope Curie/MTU
W 1.93E-04
Y 6.68E-03
h 2.39E-03
Zr 6.86E-01
Total 7.98E+03

c:\lotus\notes\data\coreinventory.doc

Five Year Decay Inventory, GE Fuel

Actinides + Daughters
Isotope Curie/MTU

Fission Products
Isotope Curie/MTU

2/13/2003



"Beard, James A. (PS, To: "Cambria, Miched (Parsons)" <Michael.Cambria@parsons.com>,

NEJ" eddie.grant@exeloncorp.com, rin@inel.gov
...._// <james.beard@gene.G ce!
E.com> Fax to:

Subject: ABWR S 3 and 4 Information
02/04/2003 06:21 PM

Mike, Eddie and Robert:

Here at long last is the s-3 and S-4 information. | hope that we have
provi ded the information that you need to conplete your assessment. |If you
shoul d require any additional Information please | et me know right away.
Thanks

Al an

g GE NUCLEAR ENERGY

J. Al an Beard

Program Manager

James. Beard@ gene . ge . com

Wor k Phone (301) 208-1460 or (408) 925-3524
Cel | Phone (301) 461-3497

<<$3_S4 Questions-ABWR.doc>>
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ESP 8: Reactor Vendor Questionnaire

Information on Annual Fuel Requirements

1. Define Standard Technical Configuration.
e Provide expected reactor power, MW, and MW, for each reactor

For the GE ABWR and’ESBWR the uprated thermal power of the ABWR of 4300 MWt
Is used to bound both reactors. For referencethe currently certified power level of the
ABWR 153926 MWt and the ESBWR design valueis 4000 MWt

e Number of modulesor reactors expected for atypica unit configurationfor small
modular systems

The ABWR and ESBWR are both designed as single unit plants.

2. Expected Fuel Loading
e ProvideInitial Core Fudl Loadingin MTU

Theinitial coreload for the ABWR and ESBWR are approximately equal. For the
ABWR theinitial core-loadis156.96 M T of Uranium.

e Provide Annual Average Fuel Loadingin MTU based on 40 years of operation

The average annual fuel loadingin MTU is32.76. Thisisbased on an average capacity
factor of 95%. This capacity factor i s subject to variation by the operating practices of
the utility but in GE’s view representsareasonably achievablemeasure. Thisfigure
includesallowancesfor refueling and maintenance outages but does not include any
provision for extended outages.

[Note: Providethebasisfor the above estimates, i.e. estimated unit capacity factor,
refueling/maintenance outage frequenciesand durations, and average expected energy

produced per year.]
3. Average Fuel Enrichmentin % U-235

[Note: Providetableof MTU and enrichment if multiple fuel enrichmentsare normally used
for theinitial coreor fuel reloads|

The batch average enrichment of the coreisless than 3.5% for theinitial core and less than
4.5% for the subsequent rel oads.

4. Fuel form
¢ ProvideFud Assembly (or Basic Fuel Unit) Drawing

See Figure & back of information
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- e ProvideaTablegiving thefollowingfor each fuel unit:

Total Mass Bundleaverage massis 266 kg (without channel)
Bundleaveragemass is 298 kg (with channdl)

Uranium Mass Bundle Average Uranium mass 180 kg

Volume

Outside Dimensions 14.2cm X 14.2 cm X 447.0 cm (with channel)

An estimate of the typical number of fuel assembliesor units required for theinitial core
. and the average expected number of fuel assembliesor units per year for core reloads

For the ABWR the core holds 872 fuel assemblies. Theinformation provided in response
to thisrequest i sbased on the GE-14 fuel type, which is the latest offering of the GE fuels
group. The basic design of the GE-14 i s the same as earlier BWR fuels offered by GE as -
far asoveral dimensions. However, improvementsin the design have been made to
optimizethe fuel utilization.

The ESBWR corewill hold atotal of 1020 bundles. The cross sectional area of these
bundleswill be the same asthe ABWR. However they are approximately 15% shorter 0
( the net effect is that the same amount of Uraniumis held in the core as for the ABWR.

5. Fuel materials
u ¢ Provideatable of fuel material typesand massfor atypical fuel unit includinga
descriptionof fuel, structural, and cladding materials

The channel, fuel rods (cladding), water rods, spacers and end plugs are all fabricated fiom
Zircalloy, of which thereis approximately 85 kg used in each bundle.

The upper and lower tie plates and assorted fasteners are fabricated fiom stainless steel of
which thereis approximately 6.8 kg used in each bundle

There are anumber of small componentsthat are fabricated from inconel of whichthereisa
approximately 0.5 kg used per bundle.
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ESP 8 Reactor Vendor Questionnaire (cont’d)

Information on Annual Fuel Requirements (cont'd)

6. Define the expected typical transport mode (i.e. truck, rail, etc.) for delivery of the
unirradiated fuel from thefabrication facility or port of entry to the reactor site

Typical shipment of new fuel from the GE fuel facilityin Wilmington, NC is by flat bed
tractor trailer.

7. Provide ageneral descriptionof thetransport containersexpected to be used for delivery of
unirradiated fuel

Capacity of each container,i.e. number of fuel unitsper container

Thetransport containersconsist of adual packagingsystem. Two fuel assembliesare
first packed in apadded steel box. The steel box isthen packaged inside apadded .
wooden crate. Thedimensionsof atypical wooden crateare 30" X 30” X 156'
Number of containersthat can be transported on onelegal weight truck shipment

The number of bundlesthat typically can be shipped on asingletruck is either 28 or 30
and islimited by weight.

[Note: Thisdataisintended to allow for a determination of thenumber of shipments and

MTU for theinitial coreloading and the average number of shipmentsand MTU per year for
core reloads.]

Information on Expected L ow Level Waste Production

1. Estimated annual average LLW production expected from reactor operations

Provide an estimate of the expected volumes and curies of LLW

The productionof LLW isin large part controlled by the practicesof theowner. GE in
the design certification chose not to establish unreasonable expectations for future owners
and as such followed the maximum target values. In this case the volume of LLW is100
cubic meters per year with an estimated curie content of 2700 Ci.

2. LLW expected from reactor decontaminationand decommissioning

Provide an estimate of the expected volumesand curies of LLW produced due to reector
decontaminationand decommissioning
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The processfor decontamination and decommissioning of an ABWR isoutsidethe
control of GE and subject to agreat deal of variation depending on thetimingand the
methods chosen. Assuch, GE is unableto provide areasonable estimate for these values!
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ESP 8 Reactor Vendor Questionnaire (cont’d)

Information on Spent Fuel Production/Transport

1. Spent Fuel Shipments

¢ Provide an estimate of the quantity (MTU) of irradiated fuel that can be transportedin
one legal weight truck cask [25 ton cask] or typical rail cask [100 ton cask], assuming 5
year cooling after discharge.
[Note: Estimateshould bein MTU (based on unirradiated M TU) and number of fuel units

to allow for a determination of the average number of spent fuel shipments expected per
year of reactor operation.]

GE isnot familiar with the constraints of fuel assembliesthat can be transported in the
commercialy available casks. What we cantell youisthe GE-14 fuel typeis nearly
identical to theother GE fuel typesand the number of BWR fuel assembliesthat can be
shipped should not be different for the ABWR. I

A s 17
2. Provide the averagefuel burnup in MWd/MTU ‘

After achieving an equilibrium core, the batch average burnup is46 GWd/MT

3. Provide an estimateof the decay heat in watts per MTU after 5 years of decay from fuel
discharge

The estimated decay heat per MTU 5 years after dischargefrom the core is between 18-22
Kilowatts.

4. Provide estimates of the spent fuel inventories and radioactivity, in Ci per MTU, after 5 years
of decay
¢ Fission product inventory
e Actinideinventory
e Total radioactivity
¢ Krypton-85inventory

GE istill trying to gather these numbers and will providethisinformation as soon as
possible.

[Note: If available, please provide acompleteset of the R (AN run results (or other

applicable code for the appropriatereactor type) detailing the spent fudl inventoriesat 5 years
decay to answer questions 3 and 4.]
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"Challberg, Roy C. (PS, NE)" <roy.challberg@gene,GE.com:> 0N 03/17/2003
01:29:04 PM

To: RLNQind . gov

Shect: RE ESP-8Irfamaianfor the ESBWR

We originally devel oped the design for the European market but noware in
t he pre-certification phase with the wrc for US certification. The "E"
officially stands for "Economic". And yes, the *s* is sinplified.

Sorry for the | ong wi nded answer.
Roy

_____ Original Message-----

From =RrLN@inel.gov [mailto: RLN@nel . gov]
Sent: Mnday, March 17, 2003 12:31 PM

To: Chal l berg, Roy C. (PS, NE)

Subj ect: RE ESP-8 Information for the ESBAR

Thanks for the confirmation Roy. One nore little item Wat do the
letters ES of the initials ESBWR represent? | have seen European

Sinplified and Econonic Sinplified but nost of the tine it escapes
definition. Thanks for your hel p.

Bob

“Challberg, Roy

C. (PS, NE)" To: RLN@ nel . gov
<foy. challberglge cc:
ne.CE.com> Fax to:

Subject: RE ESP-8
| nf ormation for the ESBWR
03/ 17/ 2003 12:39

PM

Bob-

You're exactly right. The boundi ng decay heat val ue for one of the rel oad
cores for aswr (4300 mwt) was 2.9 kw. That was the decay heat after 5
years

with a 2 sigma uncertainty). This wll bound the 4000 Mwt ESBWR fuel .
oy



_____ Original Message-----

From RLN@nel .gov [mailto: RLN@nel . gov]
Sent: Mnday, March 17, 2003 5:08 AM

To: Challberg, Roy C. (PS, NE)

Subj ect: RE ESP-8 Information for the ESBAR

Thanks nmuch Roy. | understand the potential variability of the nunbers.
For this effort, we just need sone justificationfor the val ue we sel ect,
so t hanks agai n.

in | ooki ng closer.at the data, one other itemhas arisen: the decay heat
value. | knowfor the aBWR they originally gave the same 18 -22 kw per MU
val ue. Later, upon questioning , it was nodified to 2.9. This was the two
sigma uncertainty value for the rel oad core discharge after five years
cool i ng.

If you woul d pl ease check into this for the ESBAR
Thank you.
Bob

"Chal | berg, Roy .
C. (PS, NE)!" To: RLN@inel.gov

<roy.challbergége cc:
ne.GE.com> Fax to:

Subject: RE ESP-8
Information for the ESBWR
03/ 17/ 2003 09:43

AM

Bob-

our recent heat bal ance of our total plant design for a typical site gives
us 1390 mwe, which of course is highly dependent upon site conditions and
type of heat sink.

Let nme know if you need anyt hi ng el se.

Roy

GE Nucl ear Energy
Advanced Reactor Projects
(408) 925-3317

_____ Qiginal Message-----

From RILNE@inel.gov [nailto: RLN@nel . gov]
Sent: Friday, March 14, 2003 3:19 PM



To: Chal | berg, Roy €. (PS, NE)
Subj ect: Re: ESP-8 Information for the ESBMR

Hi Roy,

Thanks for the ESBMR information. 1'11look at it Mwnday and see if | have
any questions. Qe iteml| do need, is what is the mwe for the ESBAR? I

use it and the capacity factor to nornalize to the reference LVR whi ch was
1000 Mwe and 80%

Have a good weekend.

Bob ot

Robert L. N tschke

Sci ence Fel | ow

INEEL, IRC 602/242

P. O Box 1625

I daho Falls, | D 83415-2209

Phone 208 526-1463 Fax 208 526- 0690




)

"Challberg, Roy C.(PS, NE)" <roy.challberg@gene.GE.com> on 03/ 17/ 2003
12:39:38 PM

To: RLN @ inel.gov
CcC:

Subject: RE: ESP-8 Information for the ESBWR

Bob-
You're exactly right. The boundi ng decay heat value for one of the rel oad
cores for ABWR (4300 Mwt) was 2.9 kw. That was the decay heat after 5 years

(with a 2 sigma uncertainty). This will bound the 4000 mwt ESBWR f uel .
Roy

..... Origi nal Message-----

From RLNQ nel.gov [mailto:RLN@inel.gov]
Sent: Monday, March 17, 2003 9: g3 AV

To: Chal l berg, Roy C. (PS, NE)

Subj ect: RE ESP-8 iInformation for the ESBWR

Thanks much Roy. | understand the potential variability of the nunbers.

For this effort, we just need sone justificationfor the val ue we sel ect,
so t hanks agai n.

I n | ooking closer at the data, one other itemhas arisen: the decay heat
value. | know for the ABMR they originally gave the same 18 -22 kw per MU
val ue. Later, upon questioning , it was nodifiedto 2.9. This was the two
si gma uncertainty value for the rel oad core discharge after five years

cool i ng.
If you woul d pl ease check into this for the ESBAR
Thank you.

Bob

"Challberg, Roy

c. (PS, NE)" To: RLN@inel.gov
<roy.challberg@ge CC:
ne.GE.com> Fax to:

Subject: RE ESP-8
| nf ormation for the ESBWR
03/17/ 2003 09:43

AM



Bob-

Qur recent heat bal ance of our total plant design for a typical site gives
us 1390 mwe, which of course is highly dependent upon site conditions and
type of heat sink.

Let ne know if you need anythi ng el se.

Roy

GE Nucl ear Energy
Advanced Reactor Projects
(408) 925-3317

_____ Oiginal Message-----

From: RLN@nel .gov [mailto:RLN@inel.gov]
Sent: Friday, March 14, 2003 3:19 PM

To: Challberg, Roy C. (PS, NE)

Subj ect: Re: ESP-8 Information for the ESB/R

H Roy,

Thanks for the ESBAR information. 1'11 look at it Monday and see if | have
any questions. (he iteml do need, is what is the Mwe for the ESBAR? |

use it and the capacity factor to nornmalize to the reference LWR whi ch was
1000 mwe and 80%

Have a good weekend.
Bob

Robert L. N tschke

Sci ence Fel | ow

INEEL, | RC 602/242

P.Q Box 1625

| daho Fal |l s, |1 D 83415-2209

Phone 208 526-1463 Fax 208 526-0690



T Challberg, Roy C. (PS, NE)" <roy.challberg @gene.GE.com> on 03/17/2003
= 09:43:07 AM

To: RLNQinel.gov
cc:

Subject: RE: ESP-8 Information for the ESBWR

Bob-
Qur recent heat bal ance of our total plant design for a typical site gives

us 1390 mwe, which of course is highly dependent upon site conditions and
type of heat sink.

Let Me know if you need anything el se.
Roy

CGE Nucl ear Energy
Advanced Reactor Projects
(408) 925-3317

_____ Oiginal Message-----

From RuNéinel.gov [nailto: RLN@nel . gov]
Sent: Friday, March 14, 2003 3:19 PM

To: Chall berg, Roy C. (PS, NE)

Subj ect: Re: ESP-8 Inforimation for the ESBWR

Hi Roy,

Thanks for the ESBAR information. 1'11 look at it Mdnday and see if | have
any questions. ne item | do need, is what is the Mwe for the ESBWR? |
use it and the capacity factor to nornmalize to the reference Lwr whi ch was
1000 mwe and 80%

Have a good weekend.
Bob

Robert 7. N tschke

Sci ence Fel | ow

INEEL, IRC 602/242

P.0. Box 1625

| daho Falls, | D 83415-2209

Phone 208 526-1463 Fax 208 526-0690



"Chal | berg, Roy C(PS, NB" <roy.challberg@gene.GE.com> 0N 03/14/2003
02:55:12 PM

To: "Nt schke, Robert (INEEL)" crl nQrdl . gov,
a “Cambria, Niched (R sos)"  <Michael.Cambria@ parsons.coms, " Mindy, Thonas( Exel on)"
<thomas.mundy @ exsloncorp.com>, "Rao, Atambir* <atambir.rao @ gene.GE.com>

Subject: ESP-8 Information fa the ESBWR

Robert-

Attached is a file describing the GE ESBWR fuel and core, in response to the
ESP-8 questionaire (S-3/4 information).

1f you need further information, please don't hesitate to contact e
directly.

Roy Chal | berg

GE Nucl ear Energy

Advanced Reactor Projects

(408) 925-3317
<mailto:roy.challberg@gene.ge.com>

<<83_84 Questions~ESBWR.doc>>
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ESP 8: Reactor Vendor Questionnaire

[
Information on Annual Fud Requirements
1. DefineStandard Technica Configuration.
e Provide expected reactor power, MW, and MW, for each reactor
For the GE ABWR and ESBWR the uprafed thermal power of the ABWR of 4300 MWt
Isused to bound both reactors. For referencethe currently certified power level of the
ABWR is3926 MWt and the ESBWR design valueis 4000 MWt
s  Number of modulesor reactors expected for atypica unit configuration for small
modular systems
The ABWR and ESBBWR are both designed as singleunit plants.
2. Expected Fuel Loading
e ProvideInitial CoreFud LoadinginMTU
The initial core load for the ABWR and ESBWR are approximatelv equal. Forthe
ABWR the initial core load is 156.96 MT of Uranium.
ABWR~157 MTU
i ESBWR~ 157 MTU
e Provide Annua Average Fuel Loadingin MTU based on 40 years of operation
The average annud fuel loadingin MTU is32.76. Thisisbased on an average capeacity
factor of 95%. This capacity factor is subject to variation by the operating practicesof
the utility but in GE’s view represents a reasonably achievable measure. Thisfigure
includes dlowancesfor refueling and maintenance outages but does not include any
provision for extended outages.
[Note: Providethe bass for the above estimates, i.e. estimated unit capacity factor,
refueling/maintenance outage frequencies and durations, and average expected energy
produced per year.]
3. Average Fuel Enrichment in % U-235
[Note: Providetable of MI'Uand enrichment if multiple fuel enrichments are normally used
for theinitial core or fue reloads]
The batch average enrichment of the coreislessthan 3.5% for theinitial coreand lessthan’
4.5% for the subsequent rel oads.
4. Fuel form
’ ¢ Provide Fud Assembly (or Basic Fuel Unit) Drawing - See Figure 1
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V‘
L - ¢ Provide aTablegivingthefollowingfor each fuel unit:

e An estimate of the typical number of fuel assembliesor unitsrequired for theinitial core -
and the average expected number of fuel assembliesor units per year for core reloads

Table 1
Parameter ’ ABWR - ESBWR

Number of bundles in core 872 1020

Active fuel length 381cem - 305 cm

Fuel bundle average mass (with channel) 298 kg 238kg

Fuel bundle average mass (w/0 channel) 266 kg 213kg

Bundle average Uranium mass , 180 kg 144 kg il

Bundle outside dimensions ' 142cm X 142 cm 142em X 142 cm

Bundle overall length ' 447 cm 378 cm

Mass of Zircaloy (per bundle) ~85 kg ~68 kg

Mass of Stainless Steel (per bundle) - ~6.8 kg B ~6.8 kg
- Mass of Inconel (per bundle) ~0.5kg ~0.5 kg

SeeTable 1 above. Theinformationprovided in responseto thisrequest is based on the GE-
14 fuel type, which isthelatest offering of the GE fuels group. The basic design of the GE-
14 isthesame as earlier BWR fuels offered by GE asfar as overdl dimensions. However,
Improvementsin the design have been made to optimize the fuel utilization.

The cross sectiona areaof the ESBWR bundleswill be the same asthe ABWR. However
they are approximately 15% shorter, but with more bundlesin the core, so the net effectis
that approximately the same amount of Uranium is held in the core as for the ABWR.

5, Fuel materials
e Provideatable of fuel materia types and massfor atypical fuel unitincludinga
descriptionof fuel, structural, and cladding materials

See Table 1 above. The channel, fuel rods (cladding), water rods, spacers and end plugs are
all fabricated from Zircaloy,

The upper and lower tie plates and assorted fasteners are fabricated from stainless steel.

’ There are anumber of small componentsthat are fabricated from inconel.

Page 2




| nteractive channd

Upper tieplate

Water rods

Part length fuel rods

Zircaloy ferrule spacers

. Lower tieplate and
debrisfilter

GE 14 Fuel Bundle
Figurel
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Define the expected typical transport mode (i.e. truck, rail, etc.) for delivery of the

unirradiated fuel from the fabricationfacility or port of entry to thereactor site

Typica shipment of new fuel from the GE fuel facility in Wilmington, NC is by flat bed
tractor trailer.

Provide ageneral description of the transport containers expected to be used for delivery of

unirradiated fuel
o ‘Capacity of each container, i.e. number of fuel units per container

Thetransport containersconsst of adual packaging system. Two fuel assembliesare
first packed in a padded steel box. The steel box isthen packaged inside a padded
wooden crate. The dimensionsof atypical wooden crateare30” x 30" X 15°6” (ESBWR
fuel assemblies cratewould be = 13'6" long)

Number of containersthat can be transported on onelegal weight truck shipment
The number of ABWR bundles that typically can be shipped on asingle truck is either 28

or 30 andis limited by weight. Thesingletruck could carry up to 36 ESBWR bundles
based on the lighter weight.

[Note: Thisdataisintendedto dlow for adetermination of the number of shipmentsand
MTU for theinitial coreloading and the average number of shipmentsand MTU per year for
corereloads.]

Information on Expected L ow L evel Waste Production

1. Edtimated annual average LLW production expected from reactor operations

Provide an estimate of the expected volumes and curiesof LLW

The production of LLW isin large past controlled by the practicesof the owner. GE in
the design certification chosenot to establish unreasonabl e expectationsfor future owners
and as such followed the maximum target values. In this casethevolumeof LLW is 100
cubic meters per year with an estimated curie content of 2700 Ci.

2. LLW expected from reactor decontamination and decommissioning

Providean estimate of the expected volumes and curiesof LLW produced due to reactor
decontamination and decommissioning

The process for decontamination and decommissioning of an ABWR is outside the

control of GE and subject to agreat deal of variation depending on the timing and the
methodschosen. Assuch, GE is unable to provide areasonableestimatefor these values.
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ESP 8 Reactor Vendor Questionnaire (cont’d)

Information on Spent Fuel Production/Transport

1. Spent Fuel Shipments

Provide an estimate of the quantity (MTU) of irradiated fuel that can be transportedin
one legal weight truck cask [25 ton cask] or typicd rail cask {100 ton cask], assuming5
year cooling after discharge.

[Note: Estimateshould bein MTU (based on unirradiatedM TU) and number of fuel units

'to allow for adetermination of the average number of spent fuel shipments expected per

year of reactor operation.]

GE is not familiar with the constraintsof fuel assembliesthat can betransportedin the
commercialy availablecasks. What we can tell you isthe GE-14 fudl typeisnearly
identical to the other GE fuel types and the number of BWR fuel assembliesthat can be
shipped should not be different for the ABWR.

If a" standard" size BWR spent fuel cask were used for spent ESBWR fuel, lessfuel per
cask shipment would result. With the shorter fuel assembliesit would be reasonableto
expect anew cask design would be possible. Assuming the cask load or quantity based
on either curie content.or total decay heat, alarger cask could be conceived and therefore
more ESBWR spent fuel bundles could be shipped per cask.

2, Provide the average fuel burnup in MWd&/MTU

After achieving an equilibrium core, the batch averageburnup is 46 GWd/MT

3. Provide an estimate of the decay heat in watts per MTU after 5 years of decay from fuel
discharge

Theestimated decay heat per MTU, 5 yearsafter dischargefrom the coreis between 18-22
Kilowatts.

4. Provide estimatesof the spent fuel inventoriesand radioactivity, in Ci per MTU, after 5 years
of decay

Fission product inventory
Actinideinventory
Total radioactivity

Krypton-85 inventory

See Table 2 for ABWR determination. Thistableisbased on 4300 MWt ABWR (power
uprated).
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The fuel typeis GE 14 with the following characteristics,

Initial Reload 1 Reload 2 to Eq.

Core
Core Size, number of bundles 872 872 872
Core Thermd Power, MWth 4300 4300 4300
Operating Cycle Length, days 605 605 605
Operating Capecity Factor, % 100 100 100
Refueling Outage Duration, days 30 30 30
Refueling Interval, months 21 21 21
Loaded Batch Sze 872 240 316
Batch Average Enrichment, w/o U235 3.5 45 4.5
AverageBundle Mass, KgU 180 180 180
Batch Average Burnup, GWd/MT 36 46 46

This particular analysis should bound the 4000 MWt ESBWR core.

[Note: If available, please provide a complete set of the ORIGEN run results (or other

applicable code for the appropriate reactor type) detailing the spent fuel inventories at 5 years
decay to answer questions 3 and 4.]

Table2
Adtivaion Products Adtinides + Daughters H'sson Products
| sotope Curie/MTU | sotope Curie/MTU | sotope Curie/MTU
Ag-109m 7.76E-04 Am241 1.34E+03 Ag108 3.44E-06
Ar-37 5.48E-16 Am242 3.32E+01 Ag-109m 1.36E-04
Ar-39 3.42E-04 Am-242m 3.34E+01 Ag-110 4.44E-01
C-14 7.70E-01 Am-243 3.24E+01 Ag-110m  3.34E+01
Ca4l 1,18E-03 Am245 2.50E-09 Ba137/m  1.1BE+05
Ca45 8.65E-04 Bi-212 4.49E-02 Cd113mn  6.13E+01
Cd-109 7.76E-04 Bk-249 1.72E-04 Cd-115m 6.79E-10
Cd-115m 1.12E-13 Cm-241 1.01E-17 Cel41 1.49E-11
Cl-36 1.86E-02 Cm242 5.51E+01 Cel44 1.14E+04
Co-58 7.49E-05 Cm243 3.69E+01 Cs-134 4.81E+04
Co-60 2.73E+03 Cm-244 4.86E+03 Cs-135 8.22E-01
Cr-51 5.28E-16 Cm-245 6.56E-01 Cs137 1.24E+05
Eu-152 1.08E-03 Cm-246 1.41E-01 Eu-152 1.09E+01
Eu-154 1.53E+02 Np-235 5.01E-04 Eu-154 1.01E+04
Eu-155 7.14E+01 Np-237 6.16E-01 Eu-155 5.22E+03
Fe55 3.35E4+03 Np-238 1.67E-01 Gd-153 1.41E-01
Fe59 4.32E-10 Np-239 3.24E+01 H3 5.34E+02
Gd-153 2.26E+01 Np-240m 9.23E-07 1-129 . 4.20E-02
H-3 5.24E-04 Pa233 6.16E-01 In-114 4,21E-11
Hf-175 3.05E-07 Pa-234m 3.136-01 In-114m 4.39E-11
Hf-181 1,08E-10 Pb-212 4,48E-02 In-115m 4,77E-14
Ho-166m 2.39E-02 Po-212 2.88E-02 Kr85 8.90E+03
In-113m 1.95E-02 Po-216 4,49E-02 Nb-93m 7.54E-01
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Activation Products

Isotope
In-114
In-114m
Ir-192
K-42
Lu-177
Lu-177m
Mn-54
Mo-93
Nb-93m
Nb-94
Nb-95
Nb-95m
Ni-59
Ni-63
P-32
Re-188
Ru-103
S-35
Sh-124
Sh-125
Sc-46
Sn-113
Sn-119m
Sn-121m
Sn-123
9-89
Sr-90
Ta-182
Th-160
Tc-99
Te-123m
Te-125m
Te-127
Te-127m
Tm-170
W-181
W-185
W-188
Y-90
Y-91
Zn-65
Zr-93
Zr-95
Tota

Curie/MTU

1.63E-09
1.70e-08
8.59E-08
1.63E-12
9.04E-07
3.93E-06
3.46E+01
1.95E-02
1.986-01
1.76E-01
4.55E-04
1.52E-06
2.59E+00
4.20E+02
2.89E-08
9.56E-08
8.38E-16
1.84E-05
2.93E-08
9.16E+02
7.04E-07
1.95E-02
5.20E+01
1.12E+G0
2.40E-02
8.94E-10
6.68E-03
1.74E-01
1.49E-03

4.80E-03 -

2.45E-04
2.24E+02
7.52E-07
7.67E-07
2.43E-07
1.82E-04
1.08E-05
9.46E-08
6.68E-03
6.98E-08
2.39E-03
6.86E-01
2.05E-04
7.98E+03

Actinides * Daughters

'~ Isotope

Pu-236
Pu-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Pu-243
Ra-224
Rn-220
Th-228
Th-231
Th-234
TI-208
U-232
U-234
U-235
U-236
U-237
U-238
U-240
Total

Curie/MTU
3.56E-01
4.37E-12

6.14E+03
3.87E+02
6.15E+02
1.22E+05
2.24E+00
5.85E-07
4.49E-02
4,49E-02
4,49E-02
2.20E-02
3.13E-01
1.61E-02
6.00E-02
1.47E+00
2.20E-02
3.77E-01
3.00E+00
3.13E-01
9.23E-07
1.36E+05

Page7

Fission Products

Isotope
Nb-95
Nb-95m
Pd-107
Pm-146
Pm-147
Pm-148
Pm-148m
Pr-144
Pr-144m
Rh-102
Rh-103m
Rh-106
Ru-103
Ru-106
Sb-124
Sb-125
Sb-126
Sb-126m
Se-79
Sm}~.15 1
Sn-119m
Sn-121m
Sn-123
Sn-126
Sr-89
Sr-90
Tb-160
Tc-99
Te-123m
Te-125m
Te-127
Te-127m
Te-129
Te-129m
Y-90
Y-91
Zr-93
Zr-95
Total

Curig/MTU -
6.78E-03

2.27E-05

1.46E-01
1.84E+00 -
3.37E+04
8.59E-11
1.52E-09
1.14E+04
1.376+02
4.676-01
1.09E-08
1.64E+04
1.21E-08
1.64E+04
1.17E-06
4.45E+03
1.43E-01
1,02E+00
5.61E-01
5,60E+02
1.24E+00
2.46E-01
1.60E-01
1.02E+00
8.33E-06
8.85E+04
3.14E-05
1.74E+01
6.79E-04
1.09E+03
1.02E-01
1.04E-01
1.02E-12
1.57E-12
8.85E+04
3.38E-04
2.50E+00
3.05E-03
5.87E+05



-

Activation Products

| sotope Curie/MTU
Ag 7.78E-04
Ar 3.42E-04
Be 2.12E-06
C 7.70E-01
G 2.05E-03
Cd 7.76E-04
ci 1.86E-02
€0] 2.73E+03
O 5.28E-16
Eu 2.24E+02
Fe 3.35E+03
Gd 2.26E+01
H 5.24E-04
Hf 1.01E-06
Ho 2.39E-02
I 1.75E-13
In 1.95E-02
Ir 1.70E-07
K 3.20E-08
Lu 4.84E-06
Mn 3.46E+01
Mo 1.95E-02
No 3.75E-01
Ni 4.23E+02
Os 7.29E-10
P 2.89E-08
P 8.97E-08
Re 2.45E-07
Ru 2.66E-14
S 1.84E-05
D 9.16E+02
¢ 7.04E-07
S 2.88E-08
Sm 4.198-06
Sn 5.32E+01
S 6.68E-03
Ta 1.74E-01
Tb 1.49E-03
Tc 4,80E-03
Te 2.24E+402
m 7.28E-06
\Y 2.01E-14
W 1.93E-04

Actinides + Daughters

| sotope Curie/MTU
Am 1,44E+03
Bi 4.49E-02
Bk 1.72E-04
Cm 4,95E+03
Np 3.32E+01
R 9.30E-01
2¢] 4,49E-02
Po 7.36E-02
Pu 1.29E+05
Ra 4.49E-02
Rn 4.49E-02
Th 3.80E-01
T 1.61E-02
U 5.24E+00
Totd 1.36E+05

Page 8

N< XS EPPY PR T IIIIRZZESS TTRICPOP

Fsson Products
| sotope Curie/MTU
Ag 3.38E+01
1.18E+05
6.13E+01
1.14E+04
1.72E+05
1,53E+04
1.41E-01
5.34E+02
4.51E-03
4.20E-02
9.98E-11
8.90E+03
1.47E-10
7.61E-01
2.17E-09
1.46E-01
3.37E+04
1.15E+04
2.98E-05
1.64E+04
1.64E+04
4,45E4+03
5.61E-01
5.60E+02
2.66E+00
8.85E+04
3.14E-05
1,74E4+01
1.09E+03
6.58E-17
8.85E+04
2.50E+00
Tota 5.87E+05



Activation Products
|sotope Curie/MTU
\% 6.68E-03
7n 2.39E-03
Zr 6.86E-01
Tad 7.98E+03

Adtinides+ Daughters

| sotope

Curie/MTU

Page 9

Hsson Products

| sotope

Curie/MTU
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'Winters, James W." To. "Wt ers,Janes W." <winterjw@westinghouse.com>,"' Ganfri a,

<winterjw@westinghou Mcheel " <Michael.Cambria@parsons.com>
se.com> cc: ' TomMindy(Enai|)" <thomas.mundy@exsloncorp.com>, "Rbert L
Ntschke (E-mail)" <rin@inel.gov>, "Vyne Schofield (E-mail)"

021061205301 :26 PM <Wschofie@ch2m:com>

Faxta
Shedt: RE Daaregest fo early Ste parnit applications

I tem #1:

Sizewell's decommissioning plan says they will generate about 13, 000 TBg
(350, 000 ci) from decommissioning. W estimate on the order of 50% of that
for AP1000, or about 200, 000 ci.

W will include this in the siting guide with a note something like
"Estimated based upon Sizewell B's estimate Of 13,000 TBg."

I tem #2:

60000 MwD/MTU is the current peak rod burnup limit (actually it is 62000
MWD/MTU) .

21000 MWD/MTU is the approximate cycle burnup for an 18 Month (520 EFPD)
Equilibrium Cycle.

48700 MWD/MTU is the approximate region average discharge burnup for each
feed region (68 Assemblies) assuming continuous 18 Mnth (520 EFPD)
Equilibrium Cycl es.

Jim

> e

> From Canbria, Michael[SMTP:Michael.Cambria@parsons.com]

> Sent: Friday, January 24, 2003 2:52 PM

> To: ‘Wnters, James W.' _

> Cc: Tom Mindy (E-nail); Robert L. Ntschke (E-mail); Wayne

Schofield

> (E-mail) : : N

> Subj ect : RE Data request for early site permt applications

>

> Jim:

> .

> Just a note to inguire on how you are making out with generating the

> requested info. If you could I et me know if and when we might expect it,

>t

> woul d be hel pful.

>

> Thank you

>

> Mike

> -

S m———— Original Message-----

> From Wnters, James W [mailto:winterjw@westinghouse.com]

> Sent: Friday, January 17, 2003 12: 48 PM

> To: 'Winters, Janes W'; 'Cambria, Michael'

> Cc: 'Cummins, Ed'; 'Demetri, Kathryn J.'; 'Gant, Eddie R"; 'Ceorge
Zinke (E-mail)'; 'Marvin Smith (E-mail)'; 'Meneely, Timothy K.'; 'Steve
Routh (E-mail)'; 'Spencer Semmes (E-mail)'; 'Mundy, Thomas Pp.!'; 'vijuk,
Ronald P. '; 'Wyne Schofield (E-mail)'; 'RLN(a)inel.gov'; Ioannidi, John

Subject: RE Data request for early site permit applications
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‘Kat hy,

Pl ease take the lead on this and then send ne the information. | will get
it to Mchael and include it in our siting guide.

Jim

> __________

> From Cambria, Michael [SMTP:Michael.Cambria@parsons,con)

> Sent Thur sday, January 16, 2003 1:11 PM

> To: "Wnters, Janes w.'

> Cc: "Cummins, Ed'; 'Dermetri, Kathryn J.'; 'Gant, Eddie R';
'Geor ge

> Zinke (Email)'; 'Marvin Smith (E-mail)'; 'Meneely, Tinothy K.'; 'Steve
> Routh (E-nail)'; ' Spencer Semmes (E-mail) '; 'Mindy, Thonmas P.'; 'vijuk,
> Ronald P.'; 'Wayne Schofield (E-mail}'; 'RLN(a)inel.gov'; Ioannidi, John
> Subj ect: RE: Data request for early site permt applications
>

> Jim

>

> After review ng your input the follow ng is sonme outstandi ng data needs
> and/ or questi ons:

>

> 1) Need your curie estimate for the p&D; and

>

> 2) Please clarify the burnup #? Presently it is stated the design
burnup

is

60, 000 MWd/MTU whil e-the expected is 21,000. Wat is the average fuel
burnup over the 40 year

oper ati onal period?

I f you have any questions on the above pl ease contact Bob N tschke of
INEEL

at (208) 526-1463 or by email at rln@nel. gov.
Thanks
M ke

_____ Original Message-----

From Wnters, James W

Sent: Thursday, Decenber 19, 2002 3:58 PM

To: Wnters, James W; 'RLN(a)inel.gov’

Cc: Cumi ns, Ed; Deretri, Kathryn J.; "Gant, Eddie rR.'; CGeorge Zi nke
E-mail); Marvin Smth (E-mail); Meneely, Tinmothy K. ; Steve Routh
E-nail); Spencer Sermmes (E-mail); 'Mindy, Thomas P. '; vijuk, Ronald P.;

Wnters, Janes W; Wayne Schofield (E-nail); Meneely, Tinothy K;

Canbri a, M chael

Subj ect: RE Data request for early site permt applications

Here are our revised responses to the ESP-8 questions. W have included
t he

page 3 itenms as Itens 10 through 13 in the fuel information section.

Thi s

> informationw |l also be added to Revision 3 of our siting guide. The
> information requested for spent fuel shipnents is not available right
now

VVVVVVVVVVVVVYVVVVVVVVVVVVVVVYV



since the cognizant engineer i s on holiday. We will send it as soon as

is back (1/2). The proper radwaste value is 1830 curies per year

corresponding to the DCD. This will also be corrected in Revision 3 of
the

>

h

>

>

>

> Siting Guide.
>

> <<Responses to ESP 8 R2.doc>>
>

>

r

Item 13 references an AP1000 calculation note for the ORGEN data

>to

> fuel inventories and radioactivity. Attached below are the relevant

> tables

> associated with that calculation.

> i

> <<AP1000 SF Curie.pdf>>

>

> Jim

>

> > mmmmmmm—--

> > From: RLN@inel.gov[SMTP:RLNGinel.gov]

> > Sent: Monday, December 16, 2002 1:17 M

> > To: Winters, James W.

> > Cc: Cummins, Ed; Demetri, Kathryn J.; 'Grant, Eddie R.'; George
> Zinke

> > (E-mail); Marvin Smith (E-mail); Meneely, Timothy K.; 'Michael
Cambria';

> > Steve Routh (E-mail); Spencer Semmes (E-mail); 'Mundy, Thomas P.';

> Vijuk,

> > Ronald P.; Winters, James W.; Wayne Schofield (E-mail)

> > Subject: RE: Data request for early site permit applications
> >

> > <<File: Responses to ESP 8 Rl.doc>>

> >

> > Hi Jim,

> >

> > Thanks for your response. | an not sure why you did not receive a
page

> 3.

> > It should have looked something like this:

> >

> > Information on Spent Fuel Production/Transport

> >

> > 1. Spent Fuel Shipments

> > * Provide an estimate of the quantity (MTU) of irradiated fuel
that

> > can

> > be transported in one legal weight truck cask [25 ton cask] or typical
> > rail

> > cask [100 ton cask], assuming 5 year cooling after discharge.

> > [Note: Estimate should be in MTU (based on unirradiated MTU) and
> > number of fuel units to allew for a determination of average number of
> > spent fuel shipments per year of reactor operation.]

> > 2. Provide the average fuel burnup in MWd/MTU

> > 3. Provide an estimate of the decay heat in watts per MTU after 5
year

>>0f

> > decay from fuel discharge

> > 4. Provide estimates of the spent fuel inventories and radioactivity,
>in
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ci per MU, after 5 years of decay

Fi ssi on product inventory

Actinide inventory

Total radioactivity

* Krypton-85 inventory

> [Note: |f available, please provide a conplete set of ORI GEN run

BV VVVYVV

> > (or other applicable code for the applicable reactor type) detailing
t he

> > spent fuel inventories at 5 years decay to answer questions 3 and 4.]

> >

> > mm—me=

> >

> > As such, we will still need information on the nunber and types of

spent

> > fuel shipment, average burnup, decay heat, etc.

> >

> >

> > Also if | may, one question on your latest subnittal. In the

attachment

> > "Responses to ESP 8 R1", it states 1830 curies per year of solid

wast e

> > The ApP1000 Siting Quide docurment on pages 33 and 36 show 1100 curies
er

E > year

> >

> > Thank you

> >

> > Bob

> >

> > phone 208 526- 1463

> >

> >

> >

> >

> > "Wnters, Janes

> > ' .

> > W." To: "Wnters,

James

> > WL

> > <Wi nt er jw@westing

> > <winterjw@westinghouse.com>, "' M chael Canbria "

> > house.com>

> > <Michael.Cambria@parsons.com>

> > ce: " *Mindy,

Thomas

> 0> P.'"

> > 12/ 13/ 2002 09: 35

> > <thomas.mundy@exeloncorp.com>, "Cummins, Ed"

> >

> > <cumminwe@westinghouse.com>, "Viijuk, Ronald P."

> >

S > <Vljukrp@west1nghouse com>, " (rant, Eddie R '"

> >

> > <eddie.grant@exeloncorp.com>, "Marvin Smth (E-mail)"

> >

<Marvi n Smith@dom.com>,

> > "Robert L. Ntschke (E-mail)"

> > <rln@inel.gov>,

" Spencer

> > Semmes (E-nmail)"
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Spencer_ Semmes@dom.com>,
"Steve Routh (E-nail)"

<sdrouth@bechtel.com>,
"Wayne Schofield (Enail)"

<Wschofielch2m.com>,
"George Zinke (Email)"
<GZINKEfentergy.com>,
"vijuk, Ronald P. "

<vijukrp@westinghouse,com>, "Denetri, Kathryn J."

<meneeltk@westinghouse.com>
Fax to:

Subject: RE Data
equest

for early site permt

>
>
>
>
>
>
>
>
>
>
> <demetrkj@westinghouse.com>, "Meneely, Tinothy K"
>
>
>
>
>

r

>
> appl i cati ons
>
>
>

g?uest i ons. _
hese al so cover the email you sent ne later in the day on the 9th.

t he

>

>

>

>

> Wth alittle help fromny friends, here are the answers to your

>

>

r

>

> record, we never received the page 3 Bob tal ks about, so | hope you

apply this information to your page 3.

Fuel rel oad data:

* Cycle Length - 18 nonths - 520 EFPD ¢ 3400 MWT

* Capacity Factor - 95% i ncl udi ng refuel i ng out age
* Rel oad fuel requirenent - 68 Fuel Assenblies

*

Average Enrichnent - 4.51 w/o U235

Spent fuel data: _
> * A 5 years decay, the average spent fuel assenbly curie

Acti ni des 8.506E+04 curies
Fi ssi on Products 4.450E+05 curi es
_ Tot al 5.301E+05

S

LW from Decommi ssi oning: _ .
No ap1000 specific estimate has been nade. |Information

O #C VD VVY

rom

n

>

>

>

>

>

>

>

>

>

>

> content:
>

>

>

r

>

>

>

f

> Sizewell indicates 6200 cubic meters of LLWfrom deconm ssioning. The
> APl 000 val ue shoul d be significantly | ess (naybe hal f) considering the
> design differences.

>

>

> | have al so incorporated this informationinto our response to ESP 8
> docunent .



\/VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

> >

> > <<Responses to ESP 8 Rl.doc>>

> >

> > This information is al so being added to our Siting paraneters
document . _

> > Thanks for your interest.

> >

>>Jim

> > 413-374- 5290

> >

> > > TTTTTTTTTT

> > > From M chael Cambria{sMTP:Michael.Cambria@parsons.com)
> > > Sent: Monday, Decenber 09, 2002 12: 14 PM

> > > To: "Wnters, Janes W'

> > > Cc: ‘Mundy, Thomas P. '; 'Cummins, Ed'; 'vVijuk, Ronald
> P

>>"'Gant, Eddie . _

>>>R.'; Marvin Smth (E-nail); Robert L. Ntschke (E-mail); Spencer

> Semmes ) ) ) ]

>> > (Emil); Steve Routh (E-nail); Vayne Schofield (E-mail); George
Zi nke _

>> > (Emil)

> > > Subject: RE: Data request for early site permt applications
> > >

>>>Jim

> > >

>> > 1 want to thank you for your input to our ESP 8 Questionnaire.
After

> > >review ng the i nformation provided by you there i s some additional
> data

> > > that is needed by us to conplete our assessnment. The nain data itens
> > that

> > > are mssing fromyour response are the average enri chment for the
> rel oad

> > > fuel along with the expected average capacity factor and information
> on

> > > the curies contained in the spent fuel at 5 years after discharge.
> The

>> > first two itens are needed to calculate the fuel requirenents on an
> > > average annual basis and the information on curies contained is
needed

>>t o0

> > > | ook at transport inpacts.

> > > . . . . .

> > > |f you coul d suppl enent your response with this information it would
> be

> > > greatly appreciated. Thank you for your cooperation.

> > >

> > > Regards,

> > >

> > > MKke

> > > o

> > > ==--- Original Message-----

> > > From Wnters, Janes W

> > > Sent: Tuesday, Decenber 03, 2002 ¢:52 PM

> > > To: Wnters, Janes W; 'Gant, Eddie R’ _

> > > Cc: Mundy, Thomas P.; Cummins, Ed; Wnters, Janes W; Vijuk, Ronald
> P.;

> > > Canbria, M chael . _ _ _

> > > Subject: RE Data request for early site permt applications

> > >
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Here i s our response table. Fornal letter will be FEDEXed today.
<<Responses to ESP 8.doc>>

Jim

S mmmmmmm e

From @G ant, Eddie R (SMTP:eddie.grant@exeloncorp.com)
Sent: Monday, Novenber 11, 2002 2:37 PM
To: James W Wnters (E-mail)
Cc: M chael Cambria (E-mail); Mindy, Thonas P.
' Data request for early site permt

—VVVVYV VWWVVVVVYV

c

©
VDVVVOIVVVTOVVVVY VWWVVVYVYVYV

O
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<<File: ESP-08, info request, AP1K.pdf>> _
As you are aware, Exelon Corporation, Domnion Resources Services,

VVVDVVVYVY
Z.
@
o
QS

n
> Entergy Nucl ear Potomac are currently developing Early Site Permit
ESP)

> applications to facilitate the future depl oyment of advance

SYVVVVVVVVY STVVVYVVVYVVYOVVVVY VWVVVYVVYV

e r
> > design o _ _
> > > concepts. The attached |etter requests sonme additional information
> > > necessary _ _
> > > to conplete the environnmental assessnment for this effort.
> > >
> > <<ESP-08, info request, APLK.pdf>>
> > >
> > > To nmeet the our schedule for submtting ESP Applications, it would
be
> > > beneficial if you could first provide existing data that is
eadily
> > > >retrievable and then followup with additional data as it becones
> > > > avail abl e. _
> > > > Your response i s requested by Novermber 27, 2002.
> > > >
> > > > Thank you in advance for your cooperationin this matter,
> > > >
> > > > Please direct your responses to the attention of Mchael J.
ria
at:
> >
> > Parsons Energy and Chemi cal s
> > 2675 Morgant own Road
> > Readi ng, PA 19607
> > Email: michael.cambria@parsons.com

<mailto:michael.cambrialparsons.com>

(610) 855-2049

Shoul d you have any questions or require additional clarification
regarding : .

the informati on requested by the attached questionnaire, pl ease
ont act

>
>
>
>
>
C
> > Robert L. Nitschke of INEEL at (208) 526-3463 or by email at
>
>
>
>
>

VvV YV VYV

ri n@nel . gov

> <mailto:rln@nel.gov>.
>

>

> Eddie R G ant

VVVV‘VVVVV\/VVVVVVVVVVQ
VVVVVVVVVVVVVVVVVVVVg_
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> > > > Exelon ESP Project

> > > > 610- 765-5001 O fice

> > > > 610- 765- 5545 Fax

> > > > 850-598- 9801 Cel

>> > >

> > > >

> > > >

> > > >

> > v

kde ke ke kkhkhkkhdhkhkhkkhkhddhhhkhhkhhhdhhhdhdhhbodhdhdhdhdrhhk vk bhhdhThhohdrdhrhhhhrk

> > This e-mail and any of its attachments may contain Exelon
rporation : : o o . :

> > proprietary information, which is privileged, confidential, or
ubj ect

>.> > to copyright belonging to the Exelon Corporation fanmly of

U’VQV

> > >This e-mail is intended solely for the use of the individual or

> > >yto which it is addressed. |f you are not the intended recipient

=

> > e-mail, you are hereby notified that any di ssem nati on,
stribution,

> > copying, or action taken in relationto the contents of and
attachnents

>>tothis e-mail is strictly prohibited and may be unlawful . |f you
have

VVVVVVVYVVVVOVVVVVYVYVYYVY

VVVVVVVAVVV

> >received this e-mail in error, please notify the sender
i medi ately

> > and

> >

> > > > permanently delete the original and any copy of this e-nail and
an

> Z > > printout. Thank You.

> > > >

> >
hkkkdkkhkkkhkkhhhdkhdhhhhhhhdkdhdhhhhdhdhhkhhhhkhkdhhhhdhhhrrhrdhddrdhkddhdkdhdkddri
> > > >

> > > >

> > >

> > (See attached file: Responses to ESP 8 Rl.doc)

> >

> >

> >

>



'Winters, James W." <winterjw@westinghouse.com> 0n 0110212003 08:00:20
AM

To: "RLN@inel.gov" <RLN@inel.gov>

cC: “gpencer_semmes@dom.com" <spencer_semmes@dom.com>, "edward.b toll@parsons.com™
<edward.b.toli@parsons.com>, "michael.cambria@parsons.com™ <michael.cambria@parsons.com>,
“eddie.grant@exeloncorp.com™ <eddie.grant@exeloncorp.com>, "Cumniins, Ed"
<cumminwe@westinghouse.com>, "Winters, James W." <winterjw@westinghouse.com>

Subject: Spent Fuel Shipping

This completes our responses to the ESP-8 questions. Currently operating
plants ship spent Westinghouse fuel after 10 years after removal from the
reactor. This is usually 5 years in pool and 5 years dry storage. There
can be 21-28 fuel assemblies n a shipping cask and one cask per rail car.
None are shipped by truck.

Jim




‘Winters, James W." Ta "Winters, JamesW.' <winterjw@westinghouse.com=>, "RLN@inel.gov™
<winterjw@westinghou <RLN@inel.gov>
se.com> cc. "Cummins Ed" <cumminwe@westinghouse.com>, "Dernetri, Katryn
J" <demetrkj@westinghouse.com>, "Grant, Eddie R™
12/18/2002 01:57 PM <eddie.grantj@exeion§orp.com>‘ "'George Zinke (E-mall)"
<GZINKE@entergy.com>, "Mavin Sith (E-mail)"
<Marvin_Smith@dom.com>, "Menedy, Timathy K."
<meneeltk@westinghouse.com>, "Michad Cambrid"
<Michael.Cambria@parsons.com>, "Steve Routh (E-mail)"
<sdrouth@bechtel.com>, "Spencer Sammes (E-mail)"
<Spencer_Semmes@dom.com>, ""Mundy, ThomasP."
<thomas.mundy@exsloncorp.com>, "Vijuk, Rondd P
<vijukrp@westinghouse.com>, "Winters, James W."
, <winterjiw@waestinghouse.com>, "Wayne Schofield (E-mail)"
<Wschofie@ch2m.com>, "Menady, Timathy K
<meneeltk@westinghouse.com>

Fax to:
Subject: RE: Daa request for early Ste pamit gpplications

Here are our revised responses to the ESP-8 gquestions. W have included the
page 3 items as Items 10 through 13 in the fuel information section. This
information will also be added to Revision 3 of our siting guide. The
information requested for spent fuel shipments is not available right now
since the cognizant engineer is on holiday. We will send it as soon as he
is back (1/2). The proper radwaste value is 1830 curies per year
corresponding to the DCD. This will also be corrected in Revision 3 of the
Siting Guide.

<<Responses to ESP 8 R2.doc>>

Item 13 references an AP1000 calculation note for the ORIGEN data related to
fuel inventories and radioactivity. Attached below are the relevant tables
associated with that calculation.

<<AP1000 SF Curie.pdf>>

Jim

> ——————————

> From: RLN@inel.gov[SMTP:RLN@inel.gov]

> Sent: Monday, December 16, 2002 1:17 ™

> To: Winters, James W.

> Cc: cummins, Ed; Demetri, Kathryn J.; 'Grant, Eddie R.'; George
Zinke

> (E-mail); Marvin Smith (E-mail); Meneely, Timothy K., 'Michael Cambria';
> Steve Routh (E-mail); Spencer Semmes (E-mail); 'Mundy, Thomas P.'; Vijuk,
> Ronald P.; Winters, James W.; Wayne Schofield (E-mail)

> Subject: RE: Data request for early site permit applications

>

> <<File: Responses to ESP 8 Rl.doc>>

>

> Hi Jim,

>

> Thanks for your response. | an not sure why you did not receive a page 3.
> It should have Looked something |ike this:

>

> Information on Spent Fuel Production/Transport

>

> 1. Spent Fuel Shipments

> * Provide an estimate of the quantity (MTU) of irradiated fuel that
> can
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be transported i n one | egal weight truck cask [25 ton cask] or typical
rail
cask [100 ton cask], assumng 5 year cooling after discharge.

[Note: Estimate should be 1n MU (based on unirradi ated MIU) and
nunber of fuel units to allowfor a determnation of average nunber of
spent fuel shipments per year of reactor operation.]

2. Provide the average fuel burnup in MWd/MTU
3, Provide an estimate of the decay heat in watts per MU after 5 years
of
decay fromfuel discharge
4, Provide estimates of the spent fuel inventories and radioactivity, in
ci per MU, after 5 years of decay

* Fission product inventory

* Actinide inventory

* Total radioactivity

* Krypton-85 inventory
[Note: If available, please provide a conplete set of CRIGEN run results
(or other applicable code for the applicable reactor type) detailingthe
spent fuel 1nventories at 5 years decay to answer questions 3 and 4.]

As such, we will still need information on the nunber and types of spent
fuel shipnent, average burnup, decay heat, etc.

Also if | may, one questionon your |latest submttal. In the attachnent
"Responses to ESP 8 R1", it states 1830 curies per year of solid waste.
The ap1000 Siting Cui de docunment on pages 33 and 36 show 1100 curies per
year.

Thank you.
Bob
phone 208 526- 1463

"Wnters, Janes

W, To: "Wnters, Janes
WII

<winterjw@westing
<winterjw@westinghouse.com>;, "' Mchael Cambria'"

house.com>
<Michael.Cambria@parsons.com>

cC. "'*Mundy, Thonas
P. tn
12/ 13/ 2002 09:35
<thomas.mundy@exeloncorp.com>, "Cummins, Ed"
AM

<cumminwe@westinghouse .
c @ g .com>, "Vijuk, Ronald P. "

<vijukrp@westinghouse.com>, "'Grant, Eddie R.'"

<eddie.grant@exeloncorp.com>, "Marvin Smth (E-mail)"

<Mar vi N_SmithGdom. com>,
"Robert L. Nitschke (E-nail)"

<rln@inel.gov>, "Spencer
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Semmes (E-mail) "

<Spencer Semmesfdom.com>,
"Steve Routh (E-mail)" -

<sdrouth@bechtel.com>,
"Wayne Schofield (E-nail)"

<Wschofie@ch2m.com>,
"Ceorge Zinke (E-nail)"

<GZINKE@entergy.com>,
"vijuk, Ronald P. "

<vijukrp@westinghouse.com>, "Demetri, Kathryn J."
<demetrkj@westinghouse.con>, "Meneely, Tinmothy K"

<meriéeltk@westinghouse.com>
Fax to:

Subject: RE Data request
for early site permt

appl i cations

Wth alittle help fromny friends, here are the answers to your

questi ons. _

These al so cover the erail you sent me later in the day on-the 9th. For
the

record, we never received the page 3 Bob tal ks about, so | hope you can
apply this information to your page 3.

Fuel rel oad data:

* Cycle Length - 18 nmonths - 520 EFPD @ 3400 MWT
Capacity Factor - 95%i ncl udi ng refuel i ng out age
* Rel oad fuel requirement - 68 Fuel Assenblies

* Average Enrichnent - 4.51 w/o U235

*

Spgnt fuel data

> At 5 years decay, the average spent fuel assenbly curie

cont ent :

> Act inides 8.506E+04 curies

> Fi ssi on Products 4.450E+05 curies .

> Tot al 5.301E+05 curies

>

LLWfrom Decommissioning: . . . .

* No 2P1000 Specific estimate has been made. Information from

Sizewell indicates 6200 cubic neters of LLWfrom decommissioning. The

Ap1000 val ue should be significantly |less (nmaybe hal f) considering the
desi gn differences.

| have al so incorporated this informationinto our response to ESP 8
docunent .
<<Responses to ESP 8 Rl.doc>>

This information is al so being added to our Siting paraneters docunent.
Thanks for your interest.
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Jim

413- 374- 5290

> ——————————

> From M chael Cambria({SMTP:Michael.Cambria@parsons.com)

> Sent: Monday, Decenber 09, 2002 12:14 PM

> To: "Wnters, James Ww.'

> Cc: 'Mundy, Thomas P.'; 'Cummins, Ed'; 'Vijuk, Ronald p.';

'Grant, Eddie

> R.'; Marvin Smth (E-mail); Robert L. Ntschke (E-mail); Spencer Semmes
> (E-mail); Steve Routh (E-mail); Wayne Schofield (E-nuil); George Zinke
> (BE-mail)

Subj ect : RE: Data request for early site permt applications

J

I m

| want to thank you for your input to our ESP 8 Questionnaire. After
review ng the information provided by you there is some additional data
that is needed by us to conplete our assessment. The main data itens

hat

are mssing fromyour response are the average enrichnent for the rel oad
> fuel along with the expected aver a?e capacity factor and infornmation on
> the curies contained in the spent fuel at 5 years after discharge. The
> first two items are needed to cal culate the fuel requirements on an

> average annual basis and the information on curies contained is needed
to

VTTVVV VYV VYV

| ook at transport inpacts.

I f you coul d suppl enent your response with this information it woul d be
greatly appreciated. Thank you for your cooperation.

Regar ds,

M ke

_____ Original Message-----

From Wnters, Janes W
Sent: Tuesday, Decenber 03, 2002 4:52 PM
To: Wnters, Janes W; 'Qant, Eddie R'

Cc: Mundy, Thomas P.; Cummins, Ed; Wnters, Janes W; vijuk, Ronald P.;
Canbria, M chael

Subj ect: RE Data request for early site pernit applications

Here i s our response table. Fornal letter will be FEDEXed today.

<<Responses to ESP 8.doc>>

VVVVVVVVVVVVVVVYVVVVVVVVVVVVVVVVYVVVYV

Jim

5 mmmmmmm—--

> From: G ant, Eddie R.[SMTP:eddie.grantiexeloncorp.com]

> Sent : Monday, Novenber 11, 2002 2:37 PM

> To: Janes W Wnters (E-mail)

> Cc: M chael Cambria (E-mail); Mundy, Thomas P. _ _

> Subj ect Data request for early site pernit applications
>

> <<File: ESP-08, info request, AP1K.pdf>>

> As you are aware, Exelon Corporation, Donm nion Resources Services, and
> Entergy Nucl ear Potonac are currently developing Early Site Pernit
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m
wn

Py .

applications to facilitate the future depl oyment of advance reactor
esign

concepts. The attached | etter requests sonme additional information
necessary _ _

to conplete the environnental assessnment for this effort.

<<ESP- 08, info request, AP1K.pdf>>

To neet the our schedul e for submtting ESP Applications, it woul d be
beneficial if you could first provide existing data that is readily
retrievable and then followup with additional data as it becomnes
avai | abl e.

Your response is requested by Novenber 27, 2002.

i

Thank you i n advance for your cooperationin this matter.

VVYVVVVVVVVVVVVVVay

Pl ease direct your responses to the attention of Mchael J. Canbria

—

vVVVVYVYTS

Par sons Energy and Chemi cal s

2675 Morgant own Road

Readi ng, PA 19607

Email: m chael . canbri a@ar sons. com
mailto:michael.cambria@parsons.com>

AVVVVVOIVV VVVVVVVVVVVYVYVYVVT

> > (610) 855-2049

> >

> > Shoul d you have any questions or require additional clarification
> > regarding _ .

> > the information requested by the attached questionnaire, please
cont act

> Robert L. Ntschke of INEEL at (208) 526-1463 or by email at
ri n@nel . gov
> <nailto:rln@nel.gov> .

Eddi e R G ant
Exelon ESP Proj ect
610- 765-5001 Ofice
610- 765- 5545 Fax
850-598-9801 Cel |

dhkdhddwhkhkdkkdkkkhhkkhhhkhhhhdkhkkhhhkhhdhdkdhhh ko hhh bk khhhkFhh ke hkh Rk hdehhk ok dkdkdd

This e-mail and any of its attachments may contain Exelon Corporation
proprietarg information, which is privileged, confidential, or subject
to copyright belonging to the Exelon Corporation famly of Conpani es.
This e-mall is intended solely for the use of the individual or entity
towhichit is addressed. |f you are not the intended recipient of
S

—VVVVV *VVVVVVVVYVYVYV

V;V VVVV *VVVVVVVVVVVVVYV

> > e-mail, you are hereby notified that any di ssem nation, distribution,
> > copying, or action taken in relation to the contents of and
attachnents

> >tothis e-mail is strictly prohibited and may be unlawful. If you
have



> > received this e-nail in error, please notify the sender inmediately
and

permanently del ete the original and any copy of this e-mail and any
printout. Thank You.

e e e e de g ok v ke Kk sk ke e ke ok ke ke ke e ok ke vk e sk ke ok e ke ke e ok e ok ke sk ok ek ke ke e s ke ke R ke W e ke ke e e ke e ke e ke ke

>
>
>
* %
>
>

>
>
>
*
>
>
>
(

See attached file: Responses to ESP 8 Rl.doc)

R

Responsesto ESP 8 R2AP1000 SF Curie.
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Responsesto ESP 8: Reactor Vendor Questionnaire

Revision 2

Information on Annual Fuel Requirements

Standard Technical Configuration
Reactor Power

Plant Power

Number of Plants per Unit
Expected Fuel Loading

Initial Core Fuel Loading

Annual Average Fuel Loading

Region 1

Region 2

Region 3

Fuel Form

Fuel Assembly Drawing

Total mass

Uranium mass

Volume (FA envelope)
Outside Dimensions

Number of Assemblies(Initial)
Number of Assemblies (Reload)
Fuel Materias

Fuel
Structure and Cladding
. Expected Typical Transport
. New Fuel Transport Containers

Capacity
Shipping

Fuel reload data:
CycleLength

3400 MW,
1117- 1150 MW,
1

84.5 MTU

244MTU

AverageFuel Enrichment (initia load)

2.35 weight % U-235
3.40 weight % U-235
4.45 weight % U-235

See attached figure

1730 1b/assembly
05383 MTU/assembly
13404.3in®
8.426x8.426x188.8 in
157

68 on 18 month cycle

211,588 1b UO,
43,105 1b Zircaloy or ZIRLO™

270 1b Alloy 718 (top & bottom Grids for 157 assemblies)

Truck

2 assemblies per container
6 containersper truck

18 months - 520 EFPD @ 3400 MWT

1of54

12/19/021249/462



Capacity Factor 95% including refueling outage
Reload fuel requirement 68 Fuel Assemblies
Average Enrichment 4.51 w/o U235

9. Spentfud data:

At 5 yearsdecay, the average spent fuel assembly curie content:

Actinides 8.506E+04 curies
Fission Products 4 450E+05 curies
Total 5.301E+05 curies

10. Spent Fuel Shipping Information

Quantity of spent fud (MTU):
Truck Cask To be provided later
Rail Car Cask To be provided |later

Average Fuel Bumu

Expected 21000 MWD/MTU (3400MWt x 520 efpd / 84.5 MTU)
Design 60000 MWD/MTU

12. Estimate of Decay Heat in watts per MTU after 5 vears of decav

While we use ORIGEN, we have not used it for decav heat calculation for AP1000. We therefore
have estimated decav heat based on ANS 1979 standards, with 0 sigma margin, at five vearsto be
1.127E-4 watts/watt. With core power of 3400 MW and core loading d 84.5 MTU, the estimated
specific decay heat for AP1000 is 4530 watts/MTU.

13. Estimates d spent fud inventories and radioactivity

ORIGEN resultsfor spent fud inventories and radioactivity are addressed by AP1000 document APP-

SSAR-GS2-496. Thisis based on one burned AP1000 assembly. decaved to 5 vears. (Natethal
ORIGEN was run assuming acorelcading d 83.6 MTU.) The 5 vear decayv data isin the last column

(as labd indicates). Al note that the inventory units are total Curies (based on 532337.6arams for
an assembly).

2 of 54 12/19/0243449{02




| nfor mation on Expected L ow Level Waste Production

1. LLW Production

Volume 1964 cubic feet per year (average, as shipped)
Activity 1830 curies per year (average, as shipped)

2. LLW from Decommissioning
No AP1000 specific estimate has been made. Information from Sizewell indicates 6200 cubic meters

of LLW from decommissioning. The AP1000 value should be significantly less (maybehalf)
considering the design differences.

3of54 12/19/024245/02
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM
WESTINGHOUSE CONFIGURATION CONTROL.
Internal Reference CN-REA-01-62 RO
Code: ORIGEN2
Version: 2.1.1
Gonfiguration: February 3, 1995
Executi on: Novenber 30, 2001 16:51:38.57
Control Nunber: 5342983194974
A record of configured versions exists in the
Vst i nghouse Engi neeri ng Technol ogy
Gonfiguration Control Departnent.
1 QUTPUT UNT = 6
PAGE 231

ORIGENZ V2.1 (8-1-91),

Run on 11/30/01 at 16:51:51

* AP1000 WD2 Case - Decayed Average Assenbly Activities

PONER= 2.16543E+01 M/A BURNUP= 3.38110E+04 MAD,
RAD QACTIM TY, CUR ES
Cne Asy at 4.

HE 4
TL206
TL207
TL208
TL209
PB206
PB207
PB208
PB209
PB210
PB211
PB212
pPBR214
BI208
BI209
BI210M
BI210
BI211
BI212
BI213
BI214
PO210

2xBurned

.000E+0Q0
.043E-18
.447E-08
.191E-04
.439E-08
.000E+00
.000E+0O0
.000E+00
.676E-07
.794E-09
4573-08
.558E-03
.932E-11
.361E-18
.000E+00
0593-18
.750E-09
_457E-08
.558E-03
. 6623-07
.932E-11
L.262E-09

MO WWRAO NLOVURNWWOH OO WWRO

7

NOONWWRorONWWOANOCOHLWDOD

NUCLI DE

12. R

.000E+00
. 0433-18
. 4403-08
.635E-04
.441E-08
.000E+00
.000E+00
.000E+00
.234E-07
.800E-09
-445E-08
. 5583-03
.9473-11
.361E-18
.000E+00

0593-18
7533-09

. 4493-08
. 6823-03
.6713-07

.9473-11
. 2663-09

TABLE:

1.0D
0.000E+00
4.0433-18
3. 4403-08
9. 6413-04
1.441E-08
0.0600E+00
0.000E+00
0.000E+00
6. 2023-07
3.805E-09
3.449E-08
2.5603-03
9.956E-11
5.3613-18
0.000E+00
4. 0593-18
3. 7573-09
3. 4493-08
2.6833-03
6.674E-07
9.956E-11
2.2703-09

728 w/o; Regi on-wi se Power to

NHONWWw_roUTHNMNWWOOOOROWR O

100.0HR

.000E+00
.043E-18
. 4393-08

2793-04

.428E-08
.000E+00
.000E+00
.000E+00

6113-07

.838BE-09
.448E-08
.581E-03
.002E-10
.361E-18
.000E+00
.059E-18
.780E-09
.448E-08
. 5833-03
.611E-07
.002E-10
. 2933-09

7.0D
0.000E+00
4.043E-18
3.4373-08
9. 3633-04
1.397E-08
0.000E+00
0.000E+00
0.000E+0CO
6.466E-07
3.864E-09
3.446E-08
2. 6033-03
1.008E-10
5.361E-18
0.000E+00
4.059E-18
3.804E-09
3.446E~-08
2.606E-03
6.466E-07
1.008E-10
2.314E-09

30.0D
0.000E+00
. 0433-18
. 3903-08
.014E-03
.592E-09
.000E+00
.000E+00
.000E+00
4413-07
. 0053-09
. 4003-08
. 8233-03
.060E~-10
. 3613-18
.000E+00
.059E~-18
. 9673-09
. 4003-08
. 8233-03
. 4413-07
1.060E-10
2.486E-09

ANVNWWroURNWAPoOocODLOLRWA

FLUX= 3.82E+14 N/CM**2-SEC

54 GWD/MTU

90.0D
0.000E+00
4.0433-18
3.408E-08
1.267E-03
4.8933-09
0.000E+0D
0.000E+00
0.000E+00
2. 2653-07
4. 0953-09
3.418E-08
3. 5253-03
1.2293-10
5.3613-18
G.000E+00
4. 0593-18
4. 0993-09
3.4183-08
3.525E-03
2. 2653-07
1.229E-10
2.880E-02

180.0D0
0.000E+00
4.0433-18
3.684E-08
1.660E-03
.46BE-09
-000E+00
.000E+0Q0
.000E+00
. 0693-07
. 0823-09
.695E-08
.620E-03
.512E~-10
.361E-18
0.000E+00
4. 0593-18
4.0843-09
3.695E-08
4.6203-03
2.069E-07
1.512E-10
3.299E-09

VHEPAUCANODO OB

ACTINIDES+DAUGHTERS

1. OrR
0.000E+00
4.043E-18
4.436E-08
2.6173-03
4.469E-09
0.000E+00
0.000E+00
0.000E+00
2.069E-07
4.0223-09
4.449E-08
7.283E~-03
2.316E-10
5.361E-18
0.000E+00
4.059E~-18
4.024E-09
4.449E-08
7.283E-03
2.069E~-07
2.316E~10
3.717E-09

5. OrR
0.000E+00
4.043E-18
1. 2543-07
1.1543-02
4.541E~09
0.000E+00
0.000E+00
0.000E+00
2.1023-07
3.693E-09
1.258E-07
3.212E-02
2.893E-~-09
5.360E-18
0.000E+00
4.059E-18
3.695E~09
1.2583-07
3.212E-02
2.102E-07
2.893E-09
3.697E-~09

Page:



File: D:\aAP1000 SF Curi e-out 12/ 18/ 02, 12:03:43AM

PO211M 7.287E-16 0.000E+00 0.000Q0E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00
PQ211 9.683E-11 9.658E-11 9.658E-11 9.655E-11 9.650E-11 9.519E-11 9.571E-11 1.034E-10 1.246E-10 3.522E-10
P0O212 1.639E-03 1.718E-03 1.719E-03 1.655E-03 1.670E~-03 1.808E-03 2.258E-03 2.960E-03 4.666E~-03 2.058E-02
PO213 6.518E-07 6.527E-07 6.529E-07 6.468E-07 6.326E-07 4.345E-07 2.217E-07 2.024E-07 2.024E-07 2.057E-07
PO214 1.366E-07 1.344E-07 1.322E-07 1.190E-07 1.082E-07 5.036E-08 6.927E~-09 4.902E-10 2.322E-10 2.892E-09
PO215 3.449E-08 3.449E-08 3.449E-08 3.448E-08 3.446E-08 3.400E-08 3.418E-08 3.695E-08 4.449E-08 1.258E-07
PO216 2.558E-03 2,.561E~03 2.564E-03 2.586E-03 2.609E-03 2.823E-03 3.525E-03 4.620E-03 7.283E-03 3.212E-02
P0O218 9.934E-11 9.949E-11 9.958E-11 1.002E-10 1.008E-10 1.060E-10 1.230E-10 1.512E-10 2.316E-10 2.893E-09
AT217 6.662E-07 6.671E-07 6.673E-07 6.611E-07 6.466E-07 4.441E-07 2.265E-07 2.069E-07 2.069E-07 2.102E-07
RN218 1.365E-07 1.343E-07 1.321E-07 1.189%9E-07 1.081E-07 5.025E-08 6.804E-09 3.390E-10 7.067E-13 0.000E+00
RN219 3.449E-08 3.449E-08 3.449E-08 3.448E-08 3.446E-08 3.400E-08 3.418E-08 3.695E-08 4.449E-08 1.258E-07
RN220 2.558E-03 2.561E-03 2.564E~-03 2.586E-03 2.609E-03 2.823E-03 3.525E-03 4.620E-03 7.283E-03 3.212E-02
RN222 9.934E-11 9.944E-11 9.953E-11 1.002E-10 1.008E-10 1.060E-10 1.230E-10 1.512E-10 2.316E-10 2.893E-09
FR221 6.662E-07 6.671E-07 6.673E-07 6.611E-07 6.466E-07 4.441E-07 2.265E-07 2.069E-07 2.069E-07 2.102E-07
FR223 4.465E-10 4.467E-10 4.469E-10 4.483E-10 4.495E-10 4.598E-10 4.873E-10 5.306E-10 6.276E-10 1.735E-09
RA222 1.365E-07 1.343E-07 1.321E-07 1.189E-07 1.081E-07 5.025E-08 6.804E-09 3.390E-10. 7.067E-13 0.000E+00
RA223 3.449E-08 3.449E-08 3.449E-08 3.448E-08-3.446E-08 3.400E-08 3.418E-08 3.695E~-08 4.449E-08 1.258E-07
RA224 2.558E-03 2.561E-03 2.564E-03 2.586E-03 2.608E-03 2.823E-03 3.525E-03 4.620E-03 7.283E-03 3.212E-02
RA225 6.917E-07 6.805E-07 6.695E-07 6.057E-07 5.561E-07 3.255E-07 2.136E-07 2.066E-07 2.068E-07 2.102E-07
RA226 1.004E-10 1.005E-10 1.006E-10 1.013E-10 1.020E-10 1.074E-10 1.230E-10 1.512E-10 2.316E-10 2.893E-09
RA228 4.438E-12 4.441E-12 4.445E-12 4 .468E-12 4.488E-12 4.656E-12 5.109E-12 5.827E-12 7.453E-12 2.615E-11
AC225 6.662E-07 6.669E-07 6.671E-07 6.609E-07 6.464E-07 4.440E-07 2.265E-07 2.069E~07 2.069E-07 2.102E-07
AC227 3.235E-08 3.237E-08 3.238E-08 3.248E-08 3.257E-08 3.332E-08 3.531E-08 3.845E-08 4.547E-08 1.257E-07
AC228 6.169E-07 1.588E-07 4.090E-08 1.205E-11 4.494E-12 4.656E-12 5.109E-12 5.828E-12 7.454E-12 2_.615E-11
TH226 1.365E-07 1.343E-07 1.321E-07 1.189K-07 1.081E-07 5.025E-08 6.804E-09 3,390E-10 7.067E-13 0.000E+00
TH227 3.402E-08 3.402E-08 3.402E-08 3.396E-08 3.386E-08 3.319E-08 3.406E-08 3.698E-08 4.380E-08 1.241E-07
TH228 2.587E-03 2.592E-03 2.597E-03 2.626R-03 2.652E-03 2.874E~03 3.511E-03 4.603E-03 7.263E-03 3.211E-02
TH229 2.064E-07 2.064E-07 2.064E-07 2.064E-07 2.064E~07 2.064E-07 2.065E-07 2.066E-07 2.068BE-07 2.102E-07
TH230 1.878E-07 1.881E-07 1.883E-07 1.913E-07 2.030E-07 2.364E-07 2.946E-07 4.444E-07 3.049E-06

1.899E-07

Page:
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM

1
PACE 232

ORIGEN2 V2.1 (8-1-91}),

Run on 11/30/01 at

16:51:51

* AP1000 W02 Case - Decayed Average Assenbly Activities

PONER= 2.16543E+01 MV
NUCLI DE TABLE
Cne Asy at 4.

TH231
TH232
TH233
TH234
PA231
PA232
PA233
PA234M
PA234
PA235
U230
U231
U232
U233
U234
U235
U236
U237
U238
U239
Uz40
U241
NP235
NP236M
NP236
NP237
- NP238
NP239
NP240M
NP240
NP241
PU236
PU237
pPU238
PU239
PU240
pPU241

2xBurned

. 3293-02
.980E-11
.9713-02
.626E-01
.967E-07
.986E-02
661E-01
J729E-01
.047E-02
.965E-~07
. 3643-07
.113E-05
.18B6E-02
.939E-06
.9773-02
.921E-03
J121E-01
.113E+06
.6243-01
.564E+07
.615E+01
.150E-05
.127E-02
.467E+01
4863- 06
.690E-~01
.555E+05
.561E+07
.331E+03
.590E+04
1503-05
.310E+00
.525E+00
.050E+03
.508E+02
.383E+02
.848E+04

DUNANHNNUR IO NINRPHNARORARPRERERERAMWHENNR

7

CNNNAIHENRFRMEEARORHRPOKMORPFNBRERENREWME WS RWRDNND R

12. R

. 0963-02
.881E-11
. 6313-12
.626E-01
.971E-07
.525E-02
.661E-01
L626E-01
.177E-03
. 9953-16
.342E-07
.787E-05
. 1883-02
.942E-06
. 9803-02
-921E-03
.121E-01
.057E+06
. 6243-01
. 6423-03
.450E+01
.000E+00
.1263-02
.013E+01
. 4863-06
. 6943-01
.414E4+05
.357E+07
.463E+01
.199E+01
. 0343-18
.312E+00
.468E+00
.05BE+03
.514E+02
.383E+02
.848E+04

1.0D
9.281E-03
2.983E-11
7.2173-22
1.626E-01
3.974E-07
1.170E-02
4.662F-01
1.626E~01
1. 0683-03
2.025E-25
1.319E-07
3.487E-05
1.189E-02
2.945E-06
1.982E-02
4.9213-03
2.121E-01
1.004E+06
1.624E-01
5.946E-~12
8.038E+00
0.000E+0Q0
1.125E-02
7.002E+00
9.486E-06
4.6993-01
5.445E+05
1.171E+07
8.109E+00
5.551E-03
6. 8453-32
1.313E+00
7.411E+00
6.064E+03
2.519E+02
5.383E+02
8.847E+04

BURNUP= 3.38110E+04 MAD,
RADI CACTIM TY, QKR ES

QUTPUT UNNT = 6

FLUX= 3.82E+14 N/CM**2-SEC

728 w/o; Regi on-wi se Power to

5
2
0
1
3
2
4
1
2
0
1
2
1
2
1
4
2
7
1.
0
1
Q
1
[
9
4
1
4
1
4
4}
1
7
[
2
5
8

100.0HR
. 4753-03
.992E-11
.000E+00
. 6263-01
. 9863-07
.1913-03
.666E-01
.626E-01
.118E~-04
.000E+00
. 1873-07
.068E-05
.200E-02
.963E-06
.987E-02

. 9213-03

121E-01
.253E+05
624E-01
.000E+00
.917E-01
.000E+00
.119E-02
.736E-01
.486E-06
. 7233-01
.931E+05
.613E+06
. 9343-01
. 2263-24
.000E+00
.313E+00
.063E+00
.090E+03
.538E+02
.383E+02
.843E+04

7.0D

5. 0093-03
3.000E-11
0.000E+00
1.626E~01
3. 9953-07
4.8953-04
4.6703-01
1. 6263-01
2.115E-04
0.000E+00
1.080E-07
1.2986E-05
1.210E-02
2.978E-06
2.0103-02
4.9213-03
2.121E-01
5.
1
0
6
0
1
8
9
4
7
2
6
0
0
1
6
6
2
5
8

422E+05

. 6243-01
.000E+00
.775E~03
.000E+00
.113E-02
. 2913-02
. 4863-06
. 7393-01
.635E+04
.004E+06
. 8353-03
.000E+00
.000E+00
.310E+00
.765E+00
.100E+03
. 5453302
.383E+02
.B40E+04

30. @D
4.9213-03
3.0663-11
0.000E+00
1. 6253-01
4. 0653-07
2.5423-09
4.7153-01
1. 6253-01
2.112E-04
0.000E+00
5. 0203-08
2.911E-07
1.2883-02
3. 1083-06
2.1193-02
4.921E-03
2.121E-01
5.110E+04
1.6243-01
0.000E+00
1. 7043-06
0.000E+00
1.070E-02
3.4153-09
9. 4863-06
4.7813-01
4.101E+01
2.347E+03
1. 7043-06
0.000E+00
0.000E+00
1.291E+00
4.769E+00
6.121E+03
2.550E+02
5.384E+02
8.8B13E+04

54 GWD/MTU

90.0D
4.922E-03
3.238E-11
0.000E+00Q
1.624E~-01
4.2403-07
4.1643-23
4.770E~-01
1.624E-~01
2.111E-04
0.000E+00
6. 7973-09
1.458E~11
1.486E-02
3. 4493- 06
2.405E-02
4.922E-03
2.121E~-01
1.098E+02
1.624E-01
0.000E+00
1. 7043-06
0.000E+00
9. 6293-03
1.851E-28
9.486E-06
4.786E~01
6. 7013-02
3.343E+01
1.704E~-06
0.000E+00
0.000E+00
1.240E+00
1.916E+00
6.154E+03
2.550E+02
5.385E+02
8.744E+04

180.0D
4.922E-03
3.495E-11
0.000E+00
1.624E-01
4.5013-07
0.000E+00
4.7B4E-01
1.6243-01
2.111E-04
0.000E+00
3.387E-10
5.1713-18
1.768E-02
3.964E-06
2.836E-02
4 _.922E-03
2.121E-01
2.130E+00
1.624E-01
0.000E+00
1.704E-06
0.000E+00
8.226E-03
0.000E+00
9. 4863-06
4. 7863-01
6.693E-02
3.343E+01
1.704E-06
0.000E+00
0.000E+00
1.168E+00
4.8783-01
6.187E+03
2.550E+02
5.388E+02
8.641E+04

ACTINIDES+DAUGHTERS

1. OrR 5. OrR
4.922E-03 4. 9233-03
4.026E-11 8.2123-11
0.000E+00 0.000E+0Q0
1.624E-01 1.6243-01
5. 0343-07 9. 2023-07
0.000E+00 0.000E+00
4.786E-01 4.7933-01
1.6243-01 1.624E-01
2.111E-04 2.111E-04
0.000E+00 0.000E+00
7.0583-13 0.000E+00
2.738E-321 0.000E+00
2.294E-02 4.694E-02
5. 0253-06 1. 3403-05
3.728E~-02 1.071E-01
4.922E-03 4.923E-03
2.121E-01 2.122E-01
2.069E+00 1.706E+00
1.624E-01 1.624E-01
0.000E+00 0.000E+00
1.704E-06 1. 7043-06
0.000E+00 0.000E+00
5.948E-03 4. 6133-04
0.000E+00 0.000E+00
9.486E-06 9.486E-06
4.7863-01 4. 7933-01
6.678E~02 6. 5573-02
3.343E+01 3.342E+01
1.704E-06 1.7043-06
0.000E+00 0.000E+0CQ
0.0C0E+00C 0.000E+00
1.032E+00 3.904E-01
2.9203-02 6.6143-12
6.215E+03 6.065E+03
2.550E+02 2.550E+02
5.392E+02 5.425E+02
8.432E+04 6.956E+04
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM

pPU242 1.815E+00 1.815E+00 1.815E+00 1.815E+00 1.815E+00 1.815E+00 1.815E+00 1.815E+00 1.815E+00 1.815E+00
PU243 4.917E+05 9.178E+04 1.713E+04 4.141E-01 3.342E-05 2.773E-06 2.773E-06 2.773E-06 2.773E-06 2.773E-06
PU244 1.706E-06 1.706E-06 1.706E-06 1.706E-06 1.706E-06 1.706E-06 1.706E-06 1.706E-06 1.706E-06 1.706E-06
PU245 3.805E+00 1.736E+00 7.922E-01 5.502E-03 6.446E-05 1.358E~-20 0.000E+00 0.000E+00 0.Q00E+00 0.000E+00
PU246 1.484E-03 1.437E-03 1.392E-03 1.137E-03 9.488E-04 2.183E-04 4.725E~06 1.506E-08 1.087E-12 9.781E-13
AM239 1.229E-03 6.108E-04  3.036E-04 3.629E-06 6.913E-08 7.515E-22 0.000E+00 0.00CE+00 0.000E+00 0.000E+00
AM2490 3.564E-01 3.026E-01 2.569E-01 9.109E-02 3.602E-02 1.931E-05 5.671E~14 9.024E-27 0.000E+00 0.000E+00
AM241 1.002E+02 1.004E+02 1.006E+02 1.018E+02 1.029E+02 1.11BE+02 1.349E+02 1.692E+02 2.385E+02 7.273E+02
AM242M 1.342E+01 1.342E+01 1.342E+01 1.342E+01 1.342E+01 1.341E+01 1.340E+01 1.339E+01 1.336E+01 1.311E+01
AM242 6.012E+04 3.578E+04 2.129E+04 8.073E+02 5.522E+01 1.334E+01 1.333E+01 1.332E+0% 1.329E+01 1.305E+01
AM243 3.339E+01 3.342E+01 3.343E+01 3.343E+01 3.343E+01 3.343E+01 3.343E+01 3.343E+01 3.343E+01 3.342E+01
AM244M 2.875E+05 1.326E-03 6.112E-12 0.000E+00 0.000E+00 0.000E+00 0.0COE+00 0.000E+00 O0.000E+00 0.000E+00
AM244 1.508E+04 6.619E+03 2.905E+03 1.577E+01 1.483E-01 5.235E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AM245 3.805E+00 2.141E+00 9.841E-01 6.838E-03 8.129E-05 1.120E-06 9.841E-07 8.099E-07 5.422E-07 2.290E-08
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File: D:\aP1000 SF Curie.out 12/18/02. 12:03:43AM

1
PACE 233

ORIGEN2 V2.1 (8-1-81},

Run on 11/30/01 at 16:51:51

* AP1000 W02 Case - Decayed Average Assenbly Activities

PONER= 2.16543E+01 MW

AVP46
awe41
CM242
CM243
ave44
CM245
awvr46
CM247
cM248
CM249
(@)Y,245]0]
Ove51
BK249
BK250
BK251
CF249
CF250
CF251
CF252
CF253
CF254
CF255
ES253
ES254M
ES254
ES255
SF250
TOTAL
0

ADP+FP
ACT+FP
AP+ACT+FP

2xBurned

. 4843-03
. 3403-02
.066E+04
.462E+01
.388E+03
.206E+00
. 8143-01
.773E~06
.448E-~-05
.5023-01
.6B1E-12
177E-10
.231E-02
.538E-01
.122E-04
.954E-05
. 3293-03
.030E-05
.451E-03
0883-04
.880E-06
.325E-06
. 6523-04
. 9733-05
.704E~-06
. 9493-07
.000E+00
.415E+07

WO OBNNFLRARWHRPONMNWOINWNRENODNSL WS NP

.000E+00
.415E+07
3.415E+07

(7S ]

7 NUCLI DE

Ohe Asy at 4.

12. ORR
1. 4403-03
2.3183-02
4.066E+04
3.462E+01
9.389E+03
1.206E+00
4.814E-01
2.773E-06
1.448E-05
3. 1493-04
3.682E-12
0.000E+00
8.233E-02
2.678E~-02
3.344E-08
2.9763-05
1. 3393-03
1.030E-05
3. 4493-03
4. 0093-04
7.835E-06
5.1733-09
2.675E-04
2. 4063-05
4.698E-06
9.882E-07
0.000E+00
1.555E+07

0.000E+00
1.555E+07
1.555E+07

TABLE

1.0D
1.394E-03
2.2963-02
4.062E+04
3.462E+01
S.388E+03
1.206E+00
4.8143-01
2.7733-06
1.448E-05
1.354E-06
3.683E-12
0.000E+00
8.224E-02
2.0313-03
5.2693-12
2.9993-05
1. 3393-03
1.030E-05
3.448BE-03
3.9323-04
7.7913-06
2.021E-11
2.697E-04
1.947E-05
4.6923-06
9. 7943-07
0.000E+00
1.345E+07

BURNUP= 3.38110E+04 MND,
RADI QACTIM TY, QR ES
728 w/o; Regi on-wi se Power to

100.0HR
1.1393-03
2.1603-02
4.015E+04
3.461E+01
9.385E+03
1.206E+00
4.814E-01
2.773E-06
1.448E-05
1.080E-06
3.691E-12
0.000E+00
8.168E-02
4.657E-06
0.000E+00
3.139E-05
1.3393-03
1.030E-05
3. 4403-03
3.476E-04
7.5133-06
1.1313-26
2.797E-04
5.095E-06
4. 6553-06
9. 2583-07
0.000E+00
5.677E+06

7.0D
9. 5043-04
2. 0453-02
3.967E+04
3.461E+01
9.383E+03
1.206E+00
4.8143-01
2.773E-06
1.448E-05
9.676E-07
3.699E-12
0.000E+00
8.118E-02
4.624E-06
0.000E+00
3. 2643-05
1.338E-03
1.030E-05
3.4333-03
3.113E-04
7.2743-06
0.000E+00
2.841E-04
1.536E-06
4.6223-06
8.804E-07
0.000E+00
2.767E+06

30. D
2.187E~04
1.314E-02
3.598E+04
3.455E+01
9.360E+03
1.206E+00
4.8143-01
2.7733-06
1.448E-05
3.954E-07
3.7483-12
0.000E+0Q
7.7253-02
4.3643-06
0.000E+00
4. 2503-05
1.3343-03
1.030E-05
3.3773-03
1.2723-04
5. 5893-06
0.000E+00
2.3513-04
9.080E-11
4.362E-06
5.850E-07
0.000B+00
1.941E+05

CUMLLATI VE TABLE TOTALS

0.000E+00 0.000E+00 0.000E+00 0.000E+00
1.345E+07 5.677E+06 2.767E+06 1.941E+05
1.345E+07 5.677E+06 2.767E+06 1.941E+05

QUTPUT UN T =

FLUX= 3.82E+14 N/CM**2-SEC

54 GWD/MTU

90.0D
4.7323-06
4.1373-03
2.789E+04
3.441E+01
9.301E+03
1.206E+00
4.8143-01
2.7733-06
1.448E-05
3.828E-08
3.830E-12
0.000E+00
6.785E-02
3. 7533-06
0.000E+00
6.602E-05
1.3223-03
1.030E-05
3.2343-03
1.2323-05
2. 8103-06
0.000E+00
5.9973-05
8.472E-22
3.751E-06
2.0143-07
0.000BE+00
1.320E+05

0.000E+00
1.320E+05
1.320E+05

180.0D
1.508E-08
7.314E-04
1.903E+04
3.421E+01
9.214E+03
1.206E+00
4.8143-01
2. 7733-06
1.449E-05
1.153E-09
3.884E-12
0.000E+00
5.584E-02
2.993E-06
0.000E+00
9. 6023- 05
1.305E-03
1.030E-05
3.031E-03
3.712E-07
1.002E-06
0.000E+00
4.275E-06
0.000E+00
2.992E-06
4.067E-08
0.000E+00
1.219E+05

0.000E+0C
1.219E+05
1.219E+05

6

(
ACTINIDES+DAUGHTERS

1. OrR
1.087E-12
2. 0663-05
8.671E+03
3.379E+01
9.037E+03
1.206E+00
4.814E-01
2.7733-06
1.449E-05
8.537E-13
3.909E-12
0.000E+00
3.738E-02
1.879E-06
0.000E+00
1.420E-04
1.270E-03
1. 0293-05
2.6533-03
2.7473-10
1.200E-07
0.000E+00
1. 0923-08
0.000E+00
1.878E-06
1.512E-09
0.000E+00
1.094E+05

0.000E+00

1.094E+05
1.094E+05

5. OrR
9.781E~13
1.2543-17
2.829E+01
3.066E+01
7.754E+03
1.205E+00
4.811E-01
2.773E-06
1. 4503-05
0.000E+00
3.912E-12
0.000E+00
1.579E-03
4.771E-08
0.000E+0QQ
2.299E-04
1.028E-03
1. 0263-05
9. 2753-04
0.000E+00
6.452E-15
0.000E+00
4.176E-30
0.000E+00
4.768E-08
7.987E-21
0.000E+00
8.506E+04

0.000E+00
8.506E+04
8.506E+04
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File: D:\AP1000 SF Curi e-out

12/ 18/ 02,

12:03:43AM

1
PACE 234

ORIGEN2 V2.1 (8-1-91),

Run on 11/3¢/01 at

16:51:51

* Ap1000 W02 Case - Decayed Average Assenbly Activities

PONER= 2.16543E+01 MN
NUCLI DE TABLE:
One Asy at 4.

3
LI 6
LT 7
BE 9
BE

NI
Cu
ZN
Ccu
ZN
ZN
ZN

GA
ZN
GA
GE
ZN
ZN
GA
GE
GE
Co
NI

ZN
GA
GE
Co
NI
Cu
ZN
GA
GE
GE
co

73M
74

2xBurned

.519E+02
.000E+00
.000E+00
.000E+00
.966E-06
.196E-04
.000E+00
.736E-05
.000E+00
.318E-11
.000E+00
.000E+00
.633E-02
. 7703-03
.000E+00
.000E+00
.176E-04
.000E+00
.749E-03
. 9313-04
.000E+00
.000E+00
.000E+00
.159E+00
L166E+401
.223E+01
.988E+01
.006E+01
.000E+00
.B13E-01
.836E+01
.424E+01
.834E+01
.328E+01
.000E+Q0
.336E+01
L192E-02

NOOQWIVHFWOUMd BN OOOWWOUWOORNOODOWOKNOODOWM

7

QHOMHMOOOOOMRPOOOOCOQOANOHFOOUMHOONOOOKNOODO WU

12. AR

.519E+02
.000E+00
.000E+00
.000E+00
.966E-06
.196E-04
.000E+00
.000E+00
.000E+00
L.272E-11
.000E+00
.000E+00
.042E-03
.669E-04
.000E+00
.Q00E+00
.697E-14
.000E+00
.379E-08
.709E-05
.000E+00
.000E+00
.000E+00
.000E+00
.000E+0Q0
.000E+00
.172E+01
.793E+01
.000E+00
.000E+00D
.000E+00
.000E+00
.000E+00
.699E+01
.000E+00
.699E+01
-000E+00

1.0D
5.518E+02
0.000E+00
0.000E+00
0.000E+00
2.966E-06
1.196E-04
0.000E+00
0.000E+00
0.000E+00
6.357E-11
0.000E+00
0.000E+00
5.675E~04
5.283E-04
0.000E+00
0.000E+00
9.070E-25
0.000E+00
2.850E~09
5.642E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
3.488E+01
4 .344F+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
3.091E+00
0.000E+00
3.091E+00
0.000E+00

BURNUP= 3.38110E+04 MND,
RADI QACTIM TY, CGURES
728 w/o; Regi on-wi se Power to

100.0HR
.515E+02
.000E+00
.000E+00
.000E+0O0
.966E~-06
.196E-04
.000E+00
.000E+00
.000E+00
.713E-11
.000E+00
.000E+0C
.234E-05
.148E-05
.000E+00
.000E+00
.000E+00
.000E+0Q0
.155E-15
.225E-12
.000E+00
.000E+0Q0
.000E+00
.000E+00
.000E+00
.000E+00
.124E+01
.597E+01
.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
6.345E-05
0.000E+00
6.346E-05
0.000E+00

OHEHOOOOOSCOOMOOOORHHFOONOCOORNOOOWM

7. D
5.513E+02
0.000E+00
0.000E+0QO
0.000E+00
2.966E-06
1.196E-04
0.000E+00
0.000E+00
0.000E+00
1.266E-11
0.000E+00
0.000E+00
4.016E~-07
3.740E-07
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2.482E-20
4.934E-17
0.000E+Q0
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.077E+00
5.846E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.057E~09
0.000E+00
4 .058E-09
0.000E+00

30.
.494E+02
.000E+00
.000E+00
.000E+00
.966E-06
.196E-04
.000E+00
.000E+00
.000E+00
.608E-14
.000E+00
.000E+00
.377E-19
.145E-19
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.085E-03
.562E-03
.000E+00
.000E+00
.000E+0QO
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
0.000E+00

CO0OOOODOHMOODOOLDOOOLQOOOWWOONODODOKNOOOW

QUTPUT LN T =

FLUX= 3.82E+14 N/CM**2-SEC

54 GWD/MTU
90.0D
5.443E+02
0.000E+00
0.C00E+00
0.000E+00
2.966E-06
1.196E~-04
0.000E+00
0.000E+00
0.000E+00
2.564E-21
0.000E+00
0.000E+0Q0
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
6.000E+00
0.000E+00
0.000E+00
0.000E+00
5.184E-13
7.4403-13
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

180.0D
5.368E+02
0.000E+00
0.000E+00
0.000E+00
2.966E-06
1.196E-04
0.000E+00
0.000E+00
.000E+00
.845E-32
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.DO0E+00
.000E+00
.387E-27
.731E-27
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000BE+00
.000E+00
0.000E+00
0.000E+00

COCO0COCOCONUNODOQOODUCOOOOOLCOCORND

6

FI SSI ON PRCDUCTS

1. OrR
5.218E+02
0.000E+00
0.000E+00
0.000E+00
2.966E-06
1.196E-04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.C00E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00Q
0.000E+0O
0.000E+00
0.000E+00
0.000E+00
0.000E+00

5 OR
4.168E+02
0.000E+00
0.000E+00
0.000E+00
2.966E-06
1.195E-04
0.000E+00
G.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0C0
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

Page: 6



File: D:\AP1000 SF Curie-out 12/18/02, 12:03:43AM

NI
Cu
ZN
GA
GE
Co
NI
Cu
ZN
GA
GE
GE
AS
NI

74
74
74
T4
74
75
75
75
75
75
75
75M
75
76

O W WNOBR YO

.050E+01
.793E+01
.590E+02
.7T10E+02
.000E+00
.499E-03
.227E+00
.560E+01
.BO6E+02
L422E4+02
.475E+02
.614E+01
.000E+00
.058E+00

COCDOOOOOOoOOOOO0

.000E+00
.000E+Q0
.000E+00
.000E+0C0
.000E+00
.000E+00
.000E+00
.000E+Q0
.000E+00
.000E+00
.598E-01
.000E+00
.000E+00
.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2.070E-03
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0Q0
0.000E+00
0.000E+00
5.463E-20
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
.000E+0Q0
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

COoOQCoOOoOLoOOoO

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

CO0OOCOO0OODOOOQ

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
" 0.000E+00
0.000E+00

Page:
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM
1 OUTRUT UNIT = 6

PAGE 235

ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51

* AP1000 U02 Case - Decayed Average Assembly Activities
u FI SSI ON PRODUCTS
PONER= 2.16543E+01 MN BURNUP= 3.38110E+04 MAD, FLUX= 3.82E+14 N/CM**2-SEC
0 7 NUCLIDE TABLE: RADIOACTIVITY, CURIES )
' One Asy at 4.728 w/o; Region-wise Power to 54 GWD/MTU
2xBurned 12.0HR 1.0D 100.0HR 7.0D 30.0D S0.0D 180.0D 1.0YR 5.0YR

CU 76 4.640E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ZN 76 4.354E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000CE+00 0.000E+00C 0.000E+00 0.000E+00 O.0C0OE+00Q
GA 76 6.781E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.00CE+00 0.C00E+00 0:.000E+0QO0
GE 76 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0Q0E+00 0.000E+00 0.000E+00 0.00O0E+00 0.000E+00 0.000E+00
AS 76 5.061E+01 3.690E+01 2.690E+01 3.635E+00 6.064E-01 2.946E-07 9.980E-24 0.000E+00 0.000E+00 0.000E+00
SE 76 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.0Q0E+00 0.000E+0D0 0.000E+00 0.000E+00 0.000E+C0 0.000E+0CO
NI 77 1.844E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 -0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Cu 77 2.172E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ZN 77 4.698E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0Q0E+00 0.00Q0E+00 0.000E+00 0.000E+00 0.000E+00
GA 77 1.172E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0QO0
GE 77 5.589E+02 2.679E+02 1.283E+02 1.213E+00 1.871E-02 3.690E-17 0.000E+00 0.000E+00 0.000E+00 0.000E+00
GE 77M 1.191E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0COE+00 0.000E+Q0
AS 77 1.507E+03 1.292E+03 1.079E+03 2.906E+02 B.640E+01 4.513E-03 3.047E-14 5.248E-31 0.000E+00 0.000E+00
SE 77 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SE 77M 5.659E+00 3.204E+00 2.675E+00 7.208E-01 2.143E-01 1.119E-05 7.556E-17 0.000E+00 0.000E+00 0.000E+00
NI 78 2.147E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CU 78 7.645E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ZN 78 4.286E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
GA 78 1.910E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
GE 78 3.440E+03 1.111E+01 3.585E-02 5.976E-18 4.563E-32 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AS 78 3.560E+03 8.338E+01 5.621E-01 8.805E-16 2.882E-29 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SE 78 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 . 0.000E+00
cuU 79 2.573E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+D0 0.000E+00 0.000E+00
ZN 79 3.297E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
GA 79 2.330E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
GE 79 7.140E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AS 79 8.292E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SE 79 4.112E-01 4.112E-01 4.112E-01 4.112EK-01 4.112E-01 4.112E-01 4.112E-01 4.112E-01 4.112E-01 4.112E-01
SE 79M 8.339E+03 0.000E+00 0.000E+00 0.0C0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0C0E+00
BR 79 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
BR 79M 1.418E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
KR 79 1.230E-06 9.6%93E-07 7.638E-07 1.688E-07 4.374E-08 7.579E-13 2.877E-25 0.000E+00 0.000E+00 0.000E+00
CU 80 2.642E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ZN 80 1.113E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+C0 0.000E+00 0.000E+00 0.000E+00
GA 80 2.065E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
GE 80 1.272E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AS 80 1.737E+04 0.000E+00 0.0DO0E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000H+00

v
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.000E+00 0.000E+00
.000E+0G 0.000E+00
.B62E+03 1.304E+03
.000E+00 0.D00E+00
.000E+00 0.000E+00
.000E+00 0.000E+00
.000E+00 0.000E+00
.000E+00 0.000E+00
.822E+05 3 .559E+05
.861E+05 3.583E+05
.515E+05 3.371E+05
.000E+00 0.000E+00
.000E+00 0.000E+00
.000E+00 0.000E+00
.000E+00 0.000E+00

BURNUP= 3.38110E+04 MND,
7 NUCLI DE TABLE  RADIOACTIVITY,

CURIES

728 w/o; Regi on-wi se Power to

100.0HR
1.879E-01
.000E+00
.000E+00
.000E+00
.000E+0Q0
.060E+00
.000E+00
.467E-04
.000E+0Q0
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.621E+05
.047E+05
.261E+03
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.366E+02
.000E+00
.000E+00
. 0Q0E+00
.000E+00
.000E+00
.576E+04
.584E+04
4938404
0.000E+00
0.000E+00
0.000E+00
0.000E+00

oo

HHEHMFOOOQOHOOOOOOOSHOVWIHODOOODOOODOOO

7.0D
1.885E-01
0.000E+00
0.000E+00
0.000E+00
0.00Q0E+00
0.000E+00
0.000E+00
1.467E-04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.361E+05
9.017E+05
6.124E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0Q0
0.000E+00
0.000E+00
1.814E+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.691E+02
9.740E+02
9.180E+02
0.000E+00
0.000E+00
0.000E+00
0.000E+00

30.0D
1.933E-01
.000E+00O
.000E+00
.000E+00
.000E+00
.000E+0Q0
.000E+00
.467E-04
.000E+00Q
.000E+00
.Q00E+Q0
.000E+00
.000E+00
.000E+00
.517E+05
.403E+05
.834E+03
.000E+00
.000E+00
.000E+00
.000E+00Q
.000E+00
.000E+00
.000E+00
.388E-06
.000E+00
.000E+00
.000E+QGO
.000E+00
.000E+00
L425E-07
.536E-07
. 3503-07
.000E+00
0.000E+00
0.000E+00
0.000E+00

ORFHFHMODODOOH ODOQODOOP OBANANDDOOOOHHOIOOOOO

QUTPUT IN T =

FLUX= 3.82E+14 N/CM**2-SEC

54 GWD/MTU
90.0D
2.057E-01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000CE+0C
1.467E-04
0.000E+00
0.000E+GO0
0.000E+00
.000E+00
.000E+00
.000E+00
.402E+05
.694E+05
.524E+03
.000E+00
.000E+QC
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
:782E-25
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00

O QOoCoWEROLOLOODOoOONMNMNUTIWO OO

180.0D
2.241E-01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0C
1.467E-04
0.000E+0QQ
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.283E+05
2.533E+05
9.519E+02
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

6

FI SSI ON PRCDUCTS

1. OrR
2.613E-01
0.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.467E-04
.000E+00
.000E+00
.000E+00
.00CE+00
.000E+00
.000E+00
.725E+04
.746E+04
L279E+02
.000E+00
.000E+00
.000BE+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+0Q
.000E+0Q0
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
-000E+00
.000E+00Q
.000E+00
.000E+C0
.000E+00
.000E+00

OO0 O0CCLOOO0ORLO VOO CLOOHWFRODOODDOOHOOOO O

5. OR
5.235E-01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0Q
0.000E+00
1.466E-04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2 .305E-03
5.1183-03
1.710E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00Q
0.000E+0Q0
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+QQ0
0.000E+00
0.000E+00
0.000E+Q0
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File:

1
PAGE 239

ORIGEN2 V2.1

D:\AP1000 SF Curie.out

12/ 18/ 02,

12:03:43AM

(8-1-91),

Run on 11/30/01 at 16:51:51

* Ap1000 W02 Case - Decayed Average Assenbly Activities

POMNER= 2.16543E+01 MA BURNUP= 3.38110E+04 MAD,

TC 99M
RU 99
RB100
SR100
Y100
ZR100
NB100O
NB10OM
MO100
TC100
RU100
RR101
SR101
Y101
ZR101
NR101
MO101
TC101
RU101
SR102
Y102
ZR102
NB102
M0O102
TC102
TC102M
RU102
RH102
PD102
SR103
Y103
ZR103
NB103
MO103

TC103
RU103

RH103

7

2xBurned

.005E+06
.000E+0Q0
.370E+01
.025E+03
.334E+05
.763E+05
.648E+05
.648E+05
.000E+00
.795E+05
-.000E+00
.000E+00
.685E+02
.397E+04
.568E+05
.434E+05
.029E+06
.029E+06
.000E+00
.344E+01
.148E+04
.233E+05
.203E+05
.007E+06
.008E+06
.397E+03
.000E+00
.549E+00
.000E+00
.874E+00
.7T78E+03
.256E+05
.917E+058
.021E+06
.039E+06
.041E+06
.000E+00

0

O FHFUHEMNOROKFRRMOWHODONMUOLUSROOUWNOOU®OHAORO M
OHOOOOOQOOHOOWWOOOOOWHODOODOODODOOODOOOOO

NUCLIDE TABLE: RADIOACTIVITY, CURIES
One Asy at 4.728 w/o; Region-wise Power to
12.0HR 1.0D 100.0HR 7.0D 30.0D
.492E+05 8.528E+05 3.869E+05 1.895E+05 5.750E+02
.000E+00 0.000E+00 O0.000E+00 0.000E+00 O0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O0
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0QOE+00
.000E+00 0.000E+00 0.000E+00 0.000E+Q0 O.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.QQ0E+00 0.000E+00 0.000E+00 0.000E+0O0
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0QO0
.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+QO
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.554E~-09 2,326E-24 0.000E+00 0.000E+00 0.000E+00
.495E-08 7.051E-23 0.000E+00 0.000E+00 0.000E+00
.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+0QO0
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
.000E+00 0.000E+00 0.0Q00E+00 0.000E+00 0.000E+Q0
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0QQ
.052E-14 0.000E+00 0.00CE+00 0.000E+00 0.000E+00
.076E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.548E+00 1,548E+00 1.545E+00 1.542E+00 1.519E+00
.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.00Q0E+00 0.000E+00 0.00CE+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0,.000E+00 0.000E+00 0.000E+00 0.0Q00E+0Q0
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
.032E+06 1.023E+06 9.672E+05 9.200E+05 6.131E+05
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

OUTPUT UINIT =

FLUX= 3.82E+14 N/CM**2-SEC

54 GWD/MTU
50.0D
.555E-04
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.0C0E+00
.000E+00
.000E+00
.000E+00
.000E+00
.Q00E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00C
.460E+00
.000E+00
.000E+00
.000E+00
.000E+0D
.000E+00
.G00E+00
0.000E+00
2.127E+05
0.000E+00

COVOUVOHFOOOLOOOOLDOO0OOLDDOODOROOODOOO K

180.0D
2.187E-14
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0Q0
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.377E+00

0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0C

4.346E+04
C.000E+00

OCFOQDOODOOAOAMHMOOOOLRLOLCOLODOOOODOODDOLOOOO

6

FI SSI ON PRODUCTS

1.0YR
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+0Q0
.000E+00
.00CE+Q0
.000E+00
.000E+00
.000E+00
.000E+0Q0
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.220E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

.654E+03
.000E+00

5.0YR
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00°

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.688E-01
0.000E+0C
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

1.053E-08
0.000E+00

Page:
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM
RH103M 9.381E+05 9.303E+05 9.222E+05 8.719E+05 8.294E+05 5.527E+05 1.917E+05 3.918E+04 1.491E+03 9.494E-09
SR104 1.236E~-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
Y104 1.705E+02 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00
ZR104 3.171E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
NB104 2.960E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO104 8.516E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00Q0 0.000E+00
TC104 9.150E+05 1.230E-06 1.518E-18 0.000E+00 0.0COE+00 0.000E+00 0.0Q0E+00 0.000E+00 0.000E+00 0.000E+00
RU104 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH104 9.749E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.CO00E+00 0.000E+00 O0.000E+00 0.000E+00
RH104M 6.379E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PD104 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00-0.000E+00 0.000E+00
Y105 8.252E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ZR105 4.322E+03 0,000E+00 0.000E+00 0.000E+00 0.CO0E+00 0.QO00E+00 0.000E+0C 0.000E+00 0.000E+00- 0.000E+00
NB105 1.031E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Page:
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File: D:\Ari000 SF Curieout 12/18/02, 12:03:43AM
1 QUTPUT LNT = 6
PAGE 240
ORIGENZ V2.1 (8-1-91), Run on 11/30/01 at 16:51:51
* AP1000 W02 Case - Decayed Average Assenbly Activities
+ FI SSI ON PRODUCTS
PONER= 2.16543E+01 M\ BURNUP= 3.38110E+04 MAD, FLUX= 3.82E+14 N/CM**2-8EC
0] 7 NUCLI DE TABLE RAD QACTIM TY, COUW ES
(ne Asy at 4.728 w/o; Regi on-wi se Power to 54 GWD/MTU
2xBurned 12. R 1.0D 100.0HR 7. D 30. 90.0D 180.0D 1. OR 5. OrR
M0O105 6.227E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TC105 7.758E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00C 0.000E+00
RU105 7.974E+05 1.265E+05 1.941E+04 1.362E-01 3.331E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH105 7.113E+05 6.376E+05 5.155E+05 1.168E+05 3.081E+04 6.159E~01 3.394E-13 1.369E-31 0.000E+00 0.000E+00
RH105M 2.233E+05 3.551E+04 5.452E+03 3.824E-02 9.353E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PD10S 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.COO0E+00
Y106 0.000E+00 0.000E+0Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ZR106 4.374E+02 O0.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
NB10O6 2.652E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO106 3.416E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TC106 5.617E+05 0.000E+00 0.000E+00 ¢.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU106 4.814E+05 4.809E+05 4.805E+05 4.776E+05 4.751E+05 4.549E+05 4.064E+05 3.430E+05 2.420E+05 1.546E+04
RH106 5.407E+05 4.809E+05 4.805E+05 4.776BE+05 4.751E+05 4.549E+05 4.064E+05 3.430E+05 2.420E+05 1.546E+04
RH106M 2.712E+04 6.184E+02 1.410E+01 5.624E-10 2.789E-19 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O0
PD106 0.000E+00 0.000E+0C 0.000CE+00 (0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O
AG106 1.074E-06 1.031E-06 9.896E-07 7.644E-07 6.067E-07 9.298E-08 6.973E-10 4.529E-13 1.246E-19 0.000E+00
Y107 3.872E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O
ZR107 1.962E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00
NB10O7 4.053E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O0
MO107 1.249E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00
TC107 3.124E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU107 4.828E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH107 4 .B53E+05 6.278E-05 6.453E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O0
PD107 1.252E-01 1.252E-01 1.252E-01 1.252E-01 1.252E-01 1.252E-01 1.252E-01 1.252E-01 1.252E-01 1.252E-01
PD10O7M 1.508E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG107 0.000E+00 0.000E+00 0.0C0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ZR108 7.060E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
NB108 9.151E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0C 0.000E+00 0.000E+00 0.000E+00 0.000E+0O0
MO108 3.578E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TC108 1.829E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU108 3.351E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
RH108 3.384E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH108M 3..2298+03 0.000E+00 0.000E+00 0.000E+00 0.0C0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PD108 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O0
AG108 2.081E+00 3.262E-06 3.262E-06 3.2613-06 3.261E-06 3.260E-06 3.257E-06 3.2533-06 3.244E-06 3.174E-06
AG108M 3.665E-05 3.665E-05 3.665E-05 3. 6653-05 3.664E-05 3.663E-05 3.660E-05 3.655E-05 3.645E-05 3.566E-05
CD108 0.000E+00 0.0D0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+QO
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ZR109 5.262E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
NB109 1.837E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0O0CE+00 0.000E+00 0.000E+00 0.000E+00
MO109 1.157E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TC109 8.491E+04 0.000E+00 0.000E+00 O.0COE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RUL09 2.071E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH109 2.158E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH109M 1.079E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PD10% 3.137E+05 1.699E+05 9.157E+04 1.829E+03 5.514E+01 2.496E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PD10SM 1.094E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG109 0.000E+00 0.QO00E+00 0:000E+00 0.0Q0E+00 0.000E+00 0.000E+00 0.000E+00 0.000B+00 0.000E+00 O.000E+00
AG109M 3.136E+05 1.699E+05 9.160E+04 1.829E+03 5.517E+01 3.159E-03 2.888E-03 2.525E-03 1.915E-03 2.159E-04
CD109 3.304E-03 3.302E-03 3.299E-03 3.284E-03 3.270E-03 3.159E-03 2.888E-03 2.525E-03 1.915E-03 2.159E-04
NB110 2.083E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO110 2.296E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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1 OUTPUT UNIT = 6

PACE 241

ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51

* AP1000 UO2 Case - Decayed Average Assenbly Activities

+ FI SSI ON PRODUCTS
POWER= 2.16543E+01 MW, BURNUP= 3.38110E+04 MM, FLUX= 3.82E+14 N/CM**2-SEC
0 7 NUCLIDE TABLE: RADIOACTIVITY, CURIES ’
One Asy at 4.728 w/o; Region-wise Power to 54 GWD/MTU :

2xBurned 12.0HR 1.0D° 100.0HR 7.0D . 30.0D 90.0D 180.0D 1.0YR 5.0YR
TC110 2.088E+04 O 0.000E+00 0.000E+00 0.000E+00 0.0D00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU110 8.992E+04 0O 0.000E+00 0.000E+00 0.000E+0GQ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH110 9.696E+04 0O 0.000E+00 0.000E4+00 0.000E+00 0.0Q00E+00 0.000E+00 0.000E+00 0.000E+0Q0 0.COO0E+00
RH11QOM 7.050E+03 0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PD110 0.000E+00 O 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG110 2.168E+05 8 8.404E+01 B.331E+01 8.266E+01 7.755E+01 6.566E+01 5.115E+01 3.060E+01 5.317E~-01
AG110OM 6.337E+03 6 6.319E+03 6.264E+03 6.215E+03 5.831E+03 4.937E+03 3.846E+03 2.301E+03 3.998E+01
cDi10 0.000E+00 O 0.000E+00 0.000E+00 0.000E+0C 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
NB111 1.773E+00 0 0.000E+00 0.000E+00 0.000E+0CG 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO111 4.727E+02 0O 0.000E+00 0.000E+00 0.000E+00 0.0CGOE+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00
T™C111 6.715E+03 .0 0.000E+00 0.000E+00 0.0Q0E+00 0.000E+00 0.0Q000E+00 0.000E+00 0.000E+00 0.000E+00
RU111 3.899E+04 0O 0.000E+00 0.000E+00 0.000E+0Q 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0 0.000E+0Q0
RH111 5.322E4+04 0O 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O0
PD111 5.542E+04 1 3.264E+01 2.259E-03 4.287E~07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PD111M 9.214E+02 2.032E+02 4.479E+01 3.101E-03 5.884E-07 0.000E+00 0.000E+00 0.0CO0E+00 0.000E+00 0.000E+00
AG1l11 5.674E+04 5.430E+04 5.184E+04 3.861E+04 2.966E+04 3.490E+03 1.312E+01 3.031E-03 9.918E~11 0.000E+00
AG111M 5.588E+04 2.121E+02 4.676E+01 3.244E-03 6.156E-07 0.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.000E+00
CcD111 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
CD111M 7.869E+01 2.789E-03 9.882E-08 0.000E+00 0.000E+00 0.000E+00 0.0D0E+00 0.000E+00 0,000E+00 0.000E+00
NB112 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00C 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO112 8.639E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TC112 2.253E+03 0.000E+00 0.000E+00 O0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00Q
RU112 1.660E+04 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH112 2.642E+04 0.000E+00 0.000E+00 O0.Q00E+00 0.000E+00 0.000E+00 D.DO00E+00 0.000E+00 0.000E+00 0.000E+00
PD112 2.831E+04 1.872E+04 1.237E+04 9.000E+02 8.627E+01 4.664E-07 1.266E-28 0.000E+00 0.000E+00 0.000E+00
AG112 2.843E+04 2.181E+04 1.463E+04 1.066E+03 1.022E+02 5.524E-07 1.500E-28 0.000E+00 0.000E+0Q00 0.000E+00
Ch112 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0O00E+00 0.000E+00 0.000E+00 0.000E+00
MO113 6.141E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00C 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00Q
TC113 5.957E+02 0.000E+00 O0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU113 8.816E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH113 1.834E+04 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.0C00E+00
PD113 2.209E+04 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG113 1.991E+04 4.165E+03 8.671E+02 4.182E-02 5.743E-06 0.000E+00 0.000BE+00 0.000E+00 0.000E+00 0.000E+00
AG113M 2.240E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.D00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CD113 0.000E+00 0.000E+00 0.000E+00 0.000E+0G0 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00
CD113M 7.447E+01 7.447E+01 7.447E+01 7.444E+01 7.441E+01 7.419E+01 7.361E+01 7.275E+01 7.102E+01 5._873E+01
| N1L13 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 O.000E+00 0.000E+00 O0.000E+00 O0.000E+00 0.000E+00 0.000E+09
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM
IN113M 3.4013-06 2.254E-08 1.494E-10 2.377E-24 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0DOE+00
MO114 6.278E-01 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.00CE+00 0.000E+00 0.000E+00 0.QO00E+00 0.000E+00
TC114 1.339E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU114 31.957E4+03 0.000E+0C 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+G0 0.000E+00 0.000E+00 0.000E+00
RH114 1.040E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0C0E+00 0.000E+00 0.000E+00
PD114 1.493E+04 0.000R+00 0.000FE+00 0.000E+0C 0.000E+00 0.000E+00 0.000E+00 0.000BE+00 0.000E+00 0.000E+00
AG114 1.514E+04 0.000E+00C 0.000E+00 0.000E+00 0.0CG0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CD114 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
I N1L14 1.781E+01 6.436E+00 6.391E+00 6.114E+00 5.876R+00 4.258E+00 1.839E+00 5.215E-01 3. 9003-02 5.112E-11
IN114M 6.772E+00 6.725E+00 6.678E+00 6.388E+00 6.140E+00 4.450E+00 1.921E+00 5.4503-01 4.075E-02 5.341E-11
SN114 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+D0 0.000E+00 0.000E+00 0.000E+00 0.C000E+00 0.000E+00
MO115 4.2053-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TC115 2. 827E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00O0E+00 0.000E+00 0.000E+00
RU115 1.8698+03 0.000E+00 0.000E+00 0.000E+0D 0.000E+00 0.000E+0C 0.000E+G0 0.000E+00 0.000E+00 0.000E+00
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File: D:\AP10006 SF Curie-out 12/18/02, 12:03:43AM

cp1i1s 1.162E+04 5.714E-01 2.805E-05 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
IN118 1.162E+04 5,724E-01 2.810E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
IN118M 5.083E+00 0.000E+00 0.0DOE+00 0.000E+00 0.000E+00 0.000E+00 O.000E+0C 0.000E+00 0.000E+00 0.000E+00
SN118 0.000E+00 0.000E+00 0.Q00E+00 0.0D00E+00 0.000E+00 0.000E+00 0.0C0E+00 0.000E+00 0.000E+00 0.000E+00
RU119 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+CG0 0.000E+00 0.000E+00
RH119 2.592E+02 0.000E+00 0.000E+00 0.0Q0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PD119 5.851E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0CO0E+00 0.000E+00 0.000E+00
BG119 1.076E+04 0.000E+00 ©0.000E+00 0.000E+00 0.000E+00 0.0G0E+00 0.000E+00 0.000E+00 0.0Q00E+00 0.000E+00
CD119 5.809E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CD119M 5.809E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0:000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
IN119 3.343E+03 8.337E-10 7.583E-22 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00
IN119M 8.716E+03 1.436E-08 1.306E-20 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SN119 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0 0.000E+00 0.000E+0C 0.000E+00
SN119M 2.195E+02 2.192FE+02 2.189E+02 2.169E+02 2.152E+02 2.017E+02 1.702E+02 1.319E+02 ‘7.811E+0} 1.253E+00
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File: D:\AP1000 SF Curie.ocut 12/18/02, 12:03:43AM

1

PACE 244 !
ORIGEN2 V2.1 (8-1-9%91), Run on 11/30/01 at 16:51:51

* AP1000 W02 Case - Decayed Average Assenbly Activities

PONER= 2.16543E+01 MA BURNUP= 3.38110E+04 MAD,
NUCLI| DE TABLE:
Cne Asy at 4.

SN125
SN125M
SB125
TE125
TE125M
PD126
AG126
CD126
IN126
SN126
SB126
SB126M
TE126
AG127
XE126
CD127
INiz27
IN127M
SN127
SN127M
SB127
TE127
TE127M
1127
XE127
AG128
CD128
IN128
SN128
5B128
SB128M
TE128
1128
XE128
Cbl129
IN129
SN129

2xBurned
.861E+03
.613E+04
.329E+04
.000E+00
.897E+03
.675E-01
.431E+01
.947E+03
.130E+04
.178E-01
.127E+03
.835E+02
.000E+00
.000E+00
.000E+00
.813E+03
.265E+04
.265E+04
.852E+04
.308E+04
.650E+04
.586E+04
.007E+04
.000E+00Q
.530E-01
.146E+00
.058E+03
.961E+04
.071E+05
.078E+04
L 177E+05
.000E+00
.845E+04
.000E+00

.527E+02
.701E+04

.325E+04

N D O OM MMM WHOHJ-INARHNDNOOOWRBI WD JHN O MW

7

COQOWONHIMNOODOHFOHINOWVWOIODODODOOWHKHODOOOONOKOW

12. AR

.513E+03
.000E+0Q0
.328E+04
.000E+00
.B98E+03
.000E+00
.000E+00
.000E+00
.000E+00
.178E-01
.096E+03
.178E-01
.000E+00
.000E+00
.000E+00
. 000E+0Q0
.000E+00
.000E+00
.244E+02
.000E+00
.094E+04
.426E+04
.007E+04
.000E+00
.516E~-01
.000E+00
.000E+00O
.000E+00
L271E+01
.2B81E+03
.757E+01
.000E+00
.895E~05
.000E+00
.000E+00
.000E+00
.000E+00

1.0D
9.177E+03
0.000E+00
1.328E+04
0.000E+00
2.899E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+0Q0
8.178E-01
1.066E+03
.178E-01
.000E+00
.C00E+00
.000E+00
.000E+00
.000E+00
.GO00E+00
.761E+01
.000E+00
.485E+04
.049E+04
.006E+04
.000E+00
.501E-01
.000E+00
.0D0E+00
.000E+00
.815E-03
.701E+03
.845E-03
.000E+00
.224E-14
.000E+00
.000E+00
.000E+00
.000E+00

COCOOCRVOVMHPOOOMMORMYIAOAODHOIODSCODOO®@

728 w/o; Regi on-w se Power to

COCOULOOROOOOHHOMBUWONOODOOOODOODDWODMOOODONOR O

100.0HR

.308E+03
.000E+00
.327E+04
.000E+00
.905E+03
.000E+00
.000E+00
.000E+00
.000E+00
.178E-01
.928E+02
.178E-01
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.245E-10
.000E+00
.667E+04
.490E+04
.000E+04
.000E+00
.414E-01
.000E+0Q
.000E+00
.000E+00
.000E+00
.927E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

7.
5.961E+03
0.000E+00
1.326E+04
0.000E+00
2.910E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.178E-01
7.620E+02
8.178K-01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.014E-20
0.000E+00
2.201E+04
3.077E+04
9.894E+03
0.000E+00
1.339E-01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2.636E-02
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

30.
1.141E+03
0.000E+00
.310E+04
.000E+00
.93%E+03
.000E+00
.000E+00
.000E+00
.000E+00
.178E-01
L.107E+02
.178E-01
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.500E+02
.800E+03
.643E+03
.000E+00
.644E-02
.000E+00
.000E+00
.000E+00C
.000E+00
.563E-21
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

C.000E+00
0.000E+Q0

QOO0 OWVWOCODPODODBWODILDLDOCODONIOOODNO M

QUTPUT UNI T =

FLUX= 3.82E+14 N/CM**2-SEC
RAD QACTIM TY, QR ES

54 GWD/MTU

390.0D
1.526E+01
0.000E+00
.258E+04
.000E+00
.943E+03
.000E+00
.000E+00
.000E+00
.000E+00
.178E-01
.464E+00
.178E-01
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.Q00E+00
.000E+00
.000E+00
,115E-03
.781E4+03
.902E+03
.000E+00
.759E-02
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00Q
.000E+00
.000E+00

0.000E+00
0.000E+QQ

COCOUVOCOOTTONOUMIUNTNO OO0 OCOODON IO OONO M

180.0D
2.363E-02
0.000E+00
1.183E+04
0.000E+00
2.843E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.178E-01
1.624E-01
8.178E-01
0.000E+00Q
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
6.520E-10
3.262E+03
3.330E+03
0.000E+00
4.973E-03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0C

0.000E+00
0.000E+0C

6

FI SSI ON PRCDUCTS

1. OR
3.879E-08
0.000E+00
1.042E+04
0.000E+00
2.537E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.178E-01
1.145E-01
8.178E-01
0.000E+00
0.000E+00
0.000E+00
0.C000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2.1283-24
1.004E+03
1.025E+03
0.000E+00
1.463E-04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+0Q0C

5. OR
0.000E+00
0.000E+00
3.829E+03
0.000E+00
9.342E+02
D.000E+00
0.000E+00
0.000E+00
0.000E+00
8.178E-01
1.145E-01
8.178E~-01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
L272E-02
.466E-02
.000E+00
.221E-16
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
-.000E+00
.000E+00
.000E+00

.000E+00
0.000E+00

DO OO0 QOOOQOLHFOWYWOOQO
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File: D:\aP1000¢ SF Curi e-out 12/ 18/ 02, 12:03:43AM
SN129M 7.763E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SB129 2.136E+05 3.157E+04 4.602E+03 2.325E-02 4.239E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
TE129 2.105E+05 5.785E+04 2.549E+04 1.871E+04 1.765E+04 1.098E+04 3.185E+03 4.975E+02 1.089E+01 B.861E-13
TE129M 3.118E+04 3.099E+04 3.069E+04 2.875E+04 2.712E+04 1_687E+04 4.893E+03 7.643E+02 1.673E+01 1.361E-12
1129 3.120E-02 3.121E-02 3.121E-02 3.122E-02 3.123E-02 3.129E-02 3.136E-02 3.139E-02 3.139E-02 3.139E-02
XE129 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+G0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
XE129M 1.796E+01 1.720E+01 1.647E+01 1.252E+01 9.795E+00 1.335E+00 7.374E~03 3.02BE-06 3.239%E-13 0.000E+00
CD13¢0 3.708E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0Q0E+00 0.000E+00 0.000E+00 0.000E+00
IN130 1.663E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SN130 2.206E+05 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00
SB130 7.005E+04 2.672E-01 1.019E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SB130M 2.934E+05 0.000E+00 0.000E+00C 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.D000E+00 0.000E+00 G.Q00E+0Q
TE130 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1130 4.944E+04 2.533E+04 1.292E+04 1.822E+02 4.023E+00 1.451E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM

I134 1.280E+06 3.370E+02 2.709E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

T134M 1.452E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00Q
XE134 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+0C 0.C00E+00 0.0C0E+00
XE134M 1.057E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 C.000E+00 0.000E+00 0.000E+00
Cs134 2.578E+05 2.577E+05 2.576E+05 2.569E+05 2.562E+05 2.508E+05 2.374E+05 2.185E+05 1.842E+05 4.802E+04
C8134M 6.292E+04 3.574E+03 2.030E+02 2.621E-06 2.290E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA134 0.000E+00 0.0C0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0:000E+00
SN135 5.139E+02 0.000E+00 0.000E+00C 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0COE+00
SB135 2.930E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.000E+00Q0 0.000E+00
TE135 4.832E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00C O.000E+D0 0.000E+00 0.000E+00

1135 1.106E+06 3.145E+05 8.938E+04 3.095E4+01 2.480E-02 0.C00E+0C 0.000E+00 -0.000E+00 0.000E+00 0.000E+00
XE135 2.341E+05 4.391E+05 2.738E+05 1.479K+03 B8.668E+00 4.557E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00
XE135M 2.454E405 5.038E+04 1.432E+04 4.958E+00 3.972E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
C8135 4.466E-01 4.468E-01 4.469E-01 4.471E-01 4.471E-01 4.471E-01 4.471E-01 4.471E-01 4.471E-01 4.471E-01

Page:

29



File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM

1

PACGE 246

ORIGEN2 V2.1 (8-1-91),

Run on 11/30/01 at 16:51:51

* AP1000 W2 Case - Decayed Average Assenbly Activities

PONER= 2.16543E+01

CS135M
BA135
BA135M
SN136
SB136
TE136
1136
1136M
XE136
CS136
BA136
BA136M
SB137
TE137
1137
XE137
CS137
BA137
BA137M
SB138
TE138
1138
XE138
Cs138
CS138M
BA138
LA138
SB139
TE139
1139
XE139
Cs139
BA139
LA139
CE139
PR139
TE140

2xBurned

.179E+04
.000E+00
.360E+02
.767E+01
.170E+403
.449E+05
.174E+05
.984E+05
.000E+00
.090E+04
.000E+00
.168E+04
.02BE+03
.399E+04
.B6BE+05
.024E+06
.045E+05
.000E+00
.900E+04
.343E+02
.910E+04
.378E+05
.230E+05
.038E+06
.405E+04
.000E+00
.045E~11
.008E+01
.892E+03
.050E+05
.074E+05
.813E+05
.023E+06
.000E+0Q0

.000E+00
-000E+00
-356E+02

POOOMWUNKFWHNDONMFUOUNMHUOUOMMMBNMKEOJIONUNGOADSWOO®O

7

OOOONOOOOO@OOO\J:&OOO‘DOHOOOOHOG\OOOOOOI\JOU?

My

NUCLI DE TABLE:
he Asy at 4.

12. AR

.028E+00
.000E+00
.514E+02
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.905E+04

000E+00

.138E+04
.000E+00
.000E+00
.000E+00
.000E+00
.045E+05
.000E+00
.BB4E+04
.000E+00
.000E+00
.000E+00

6803-10

. 2863-01

.000E+00
.000E+00
.045E-11
.000E+00
.00CE+00
.000E+00
.000E+00
.000E+00
.770E+03
.000E+00
.000E+0Q0
.000E+00
.000E+00

1.0D
4.0392E-04
0.000E+00
1.882E+02
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
6.725E+04
0.000E+Q0
1.108E+04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.045E+05
0.000E+00
9.884E+04
0.000E+00
0.000E+00
0.000E+00
2.368E-25
6.102E-08
0.000E+00
0.000E+00
8.045E-11
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
6.629E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

BURNUP= 3.38110E+04 MND,
RADI QACTIM TY, AR ES
728 w/o; Regi on-w se Power to

100.0HR
0.000E+00
0.000E+00
3.001E+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
5.687E+04
0.000E+00
9.373E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.045E+05
0.000E+00
9.882E+04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.045E-11
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.671E-16
0.000E+00
0.000E+00

0.000E+00
0.000E+00

7.0D
0.000E+00
0.000E+00
5.805E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4 .896E+04
0.000E+00
8.068E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.044E+05
0.000E+00
9.880E+04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.045E-11
6.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2.282E-31
0.000E+00
0.000E+00
0
g

.000E+00
.000E+00C

30.0D
0.000E+00
0.000E+00
9.394E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.450E+04
0.000E+00
2.390E+03
0.000E+00
0.000E+00
0.000E+C0
0.000E+00
1.043E+05
0.000BE+00
9.865E+04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.045E-11
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00

QUTPUT LN T =

FLUX= 3.82E+14 N/CM**2-SEC

54 GWD/MTU

50.0D 180.0D
0.000E+00 0.000E+0O
0.000E+00 0.000E+00
7.345E-21 0.000E+00
0.000E+00 O0.000E+00O
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
6.065E+02 5.188E+00
0.000E+00 0.000E+00
9.994E+01 8.550E-01
0.000E+00 0.000E+00
0.000E+00C G.000E+00
0.000E+00 0.000E+0OC
0.000E+00 0.000E+00
1.039E4+05 1.033E+05
0.000E+00 0.000E+00O
9.828E4+04 9.772E+04
0.000E+00 0.000E+0Q0
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 O0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
8.045E-11 8.045E-11
0.000B+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 D.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
Q0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+0Q0
0.000E+00 O_0O0O0OE+00

FI SSI ON PRODUCTS

1.0rR
0.000E+00
0.000E+00
.000E+00
.000E+00
.006E+00
.000E+00
.000E+00
.000E+00
.000E+00
. 8753-04
.000E+00
.738E-05
.000E+00
.000E+00
.000E+00
.000E+00
.021E+05
.000E+00
.658E+04
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.045E-11
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
-.000E+00
.000E+00

DOCO0OCCOOLVOCOLOLOVWOHODOOOASNOODOODOOO

5. OrR
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
9_.30BE+04
0.000E+00
8.806E+04
0.000E+00
0.000E+00
0.000E+00
0.000BE+00
0.000E+00
0.000E+00
0.000E+00
8. 0453-11
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
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File: D:\AP1000 SF Curie.out 12/18/02,

12:03:43AM

1
PACE 247

ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51

* AP1000 W02 Case - Decayed Average Assenbly Activities

PONER= 2.16543E+01 MW
NUCLI DE TABLE
Ohe Asy at 4.

PR141
ND141
TE142
1142
XE142
©S142
BA142
LAl42
CE142
PR142
PR142M
ND142
I143
XE143
CS143
BA143
LA143
CE143
PR143
ND143
1144
XE144
5144
BA144
LA144
CE144
PR144
PR144M
ND144
I145
XE145
CS145
BA145
LA145
CE145
PR145
ND145

2xBurned

.000E+00
.000E+00
.642E+00
.280E+02
.551E+04
.797E+05
.632E+05
.865E+05
.732E-05
.085E+05
L125E+04
.000E+00
.T27E+01
.947E+03
.1T76E+05
.401E+05
.262E+05
.346E+05
.061E+05
.D00E+0O
.8B44E+00
.861E+03
.7T49E+04
.410E+05
.182E+05
.621E+05
.698E+05
L155E+03
.477E-09
.000E+00
.297E+02
.481E+04
.883E+05
.313E+05
.751E+05
.754E+05
.000E+00

CUUVTUVNN HFNVNOFHUVUNNYNNURMASODOEOJHOUUNMONMNMNDOWEH OND O

7

OCHOOCOCOOCOHFWVUNNOODOOOODMANOOOOOWNINDMdOOOOO O

12. AR

.000E+00
.000E+0G0
.000E+00
.000E+00
.000E+00
.000E+00
.791E-15
.589E+03
.732E-05
.039E+04
.034E-11
.000E+00
.000E+QQC
.000E+00
.000E+00
.000E+00
.768E-10
.533E+05
.045E+05
.D00E+0D
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.611E+05
.612E+05
.134E+03
.478E-09
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.446E+05
.000E+00

CWOQOOOOHUNYOOOOOONNTUVWOOOODOBBNNOSODOOOOO

1.0D

.000E+0C
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+0Q0
.105E+01
.732E-05
.557E+04
.333E-26
.000E+00
.000E+00C
.000E+00
.000E+00
.000E+00
.132E-26
.078E+05
.988E+05
.000E+00
.000E+00

0O00E+00

.000E+00
.000E+00
.000E+00
.602E+05
.602E+05
.123E+03
.478E-09
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00Q
.00G0E+00
.599E+04
.000E+00

BURNUP= 3.38110E+04 MAD,
RAD QACTIM TY, QOR ES

728 w/o; Regi on-wi se Power to

100.0HR
0.000E+00
0.000E+0GO
0.00CE+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
3.276E-14
2.732E-05
2.903E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.029E+05
7.165E+05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0..000E+0Q0
0.000E+0C
7.544E+05
7.544E+05
9.052E+03
1.480E-08
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
5.379E+00
0.000E+00

7.0D
0.000E+00
0.000E+00
0.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.845E-27
.732E-05
.471E+02
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.466E+04
.272E+05
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.492E+05
.492E+05
.950E+03
.482E-09
.000E+00
.000E+Q0
.000E+00
.000E+00
.000E+00
.000E+QQ0
.032E-03
.000BE+00

ONOOOODOOHIINCOCOCOONNODOOCOOoODONNIFOODO O

30.
0.000E+00
0.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.732E-05
.091E-07
:000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.273E-01
.945E+05
.000E+00
.0C00E+00
.000E+00
.000E+0Q0
.000E+00
.000E+00
.083E+05
7.083E+05
8.500E+03
1.497E-09
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

NOOODOQOOHNOODOOTOOUVINODOCOO OO

COCOC OO0

QUTPUT N T =

FLUX= 3.82E+14 N/CM**2-SEC

54 GWD/MTU
90.0D
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2.732E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.663E-14
9.066E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
6.119E+05
6.119E+05
7.343E+03
1. 5333-09
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00O

180.0D
0.000E+00
0.000E+00
0.000E+00
0.000E+0C
0.000E+00
0.000E+0G0
0.000E+00
0.000E+00
2.732E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
9.123E+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.913E+05
4.913E+05
5.896E+03
1.578E-09
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

FI SSI ON PRODUCTS

1.0R
0.000E+00
0.000E+00
0.000E+00
0.000E+0Q0O
0.000E+00
0.000E+00
0.000E+00
0.000E+00
.732E-05
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.064E-03
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.127E+05
.128E+05
.753E+03
.644E-09
.000E+00
.000E+0Q0
.000E+00
.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

COCOHWWWOODOOCOONQODOOQOOQOOON

5. OrR
0.000E+0G0
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00Q
0.000E+00
0.000E+00
2.732E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.871E+03
8.872E+03
1.065E+02
1.757E-09
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.0D0E+00
0.000E+00
0.000E+00
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File: D:\aP10o00 SF Curie.out 12/18/02, 12:03:43AM

PM145 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SM145 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 C.C00E+00 0.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.CO0E+00
XEl46 1.455E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CS146 2.276E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+0C 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BAl4e 1.097E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.000E+00
LLAl46 3.528E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CE1l46 4 _688E+05 2.576E-10 1.404E-25 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+0C
PR146 4.709E+05 1.263E-03 1.397E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.000E+00
ND146 0.000E+G0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00O0E+00 0.000E+00 0.000E+00 0.000E+QQ
PM146 3.036E+00 3.035E+00 3.035E+00 3.032E+0013.029E+00 3.005E+00 2.943E+00 2.853E+00 2.676E+00 1.617E+00
SM146 3.069E-07 3.069E-07 3.070E-07 3.071E-07 3.071E-07 3.078E-07 3.096E-07 3.122E-07 3.174E-07 3.482E-07
XE147 1.331E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CS147 4_.088E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.000E+00 0.000E+00 0.000E+00 0.00CE+00
BAl147 2.652E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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File: D:\aP1000 SF Curie.out

1
PACE 248

ORIGEN2 V2.1 (8-1-91),

12/ 18/ 02,

12:03:43AM

Run on 11/30/01 at 16:51:51

* AP1000 W02 Case - Decayed Average Assenbly Activities

PONER= 2.16543E+01 MA BURNUP= 3.38110E+04 MAD,
7 NUCLI DE TABLE
One Asy at 4.

LA147
CE147
PR147
ND147
PM147
SM147
cs148
BA148
LA148
CE148
PR148
ND148
PM148
PM148M
SM148
CS149
BA149
LA149
CE149
PR149
ND149
PM149
SM149
EU149
CS150
BA150
LA150
CE150
PR150
ND150
PM150
SM150
EU150
BA151
LA151
CE151
PR151

2xBurned

.749E+05
.666E+05
.773E+058
.B39E+05
.156E+04
.016E-06
.736E+01
.043E+03
.785E+04
.741E+05
.064E+05
.000E+00
.689E+05
.579E+04
.625E-11
.000E+00
.095E+02
.775E+04
.558E+05
.207E+05
.441E+05
.154K+05
.155E-13
.000E+00
.631E-02
.687E+01
.571E+03
.545E+04
.543E+05
.000E+00
.587E+03
.000E+QQO
.969E-05
.000E+Q0
.723E+02
.320E+04
.761E+04

N PO HONOMNMJWRANOWBNNEFONONMKHOIWNGOURNHO®N WIWW

12. AR
.000E+00
.000E+00
.640E-13
LT7T24E+05
.167E+04
.016E-06
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+0Q0
.584E+05
.566E+04
.627E-11
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.034E+03
.622E+05
.526E-13
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.957E+02
.000E+0Q0
.968E-05
.000E+00
.000E+00
.000E+00
0.000E+00

COOHONQCOOODOOOWUWNODODODOOANANHFMFHFOODOOOoOOMAWWOS O

1.0D
0.000E+00
0.000E+00
3.1943-31
3.609E+05
6.178E+04
1.017E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.486E+05
1.553E+04
6.629E-11
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.661E+01
3.098E+05
3.845E-13
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.327E+01
0.000E+00
1.969E-05
0.000E+00
0.000KE+00
0.000E+00
0.000E+00

100.0HR
0.000E+00
0.000E+00
0.000E+00
2.959E+05
6.239E+04
1.021E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
9.897E+04
1.472E+04
6.638E-11
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
9.907E-13
1.148E+05
5.026E-13
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
3.8573-08
0.000E+00
1.969E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00

7.0D
0.000E+00
0.000E+00
0.000E+00O
2.478E+05
6.282E+04
1.024E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
6.887E+04
1.404E+04
6.646E-11
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.457E-24
4.725E+04
5.435E-13
0.000E+00
0.000E+00
0.000E+00
0.C00E+00
0.000E+00
0.000E+00
0.000E+00
8. 8753-16
0.000E+00
1.968E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00

30.0D
0.000E+00
0.000E+00
0.000E+00
5.862E+04
6.394E+04
1.050E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.035E+03
9.544E+03
6.664E-11
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
3.500E+01
5.7213-13
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.966E-05
0.000E+00
0.000E+00
0.0C0E+00
0.000E+00

QUTPUT IN T =

FLUX= 3.82E+14 N/CM**2-SEC
RAD QACTIM TY, QAR ES
728 w/o; Regi on-wi se Power to

54 GWD/MTU

90.0D 180.0D
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+0Q0
1.365E+03 4.848E+00
6.187E+04 5.798E+04
1.117E-06 1.212E-06
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
1.981E+02 4.335E+01
3.486E+03 7.696E+02
6.673E~11 6. 6773-11
0.000E+00 0.000E+00
0.000E+00 0.000E+0Q
0.000E+00 0.000E+0QO0
0.000E+00 0.C600E+QO
0.000E+00 0.000E+00
0.000E+00 0.000E+00
2.388E~07 1.345E-18%
5.721E~13 5.721E-13
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
1.960E~-05 1.951E-05
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
G.000E+00 0.000E+0O0

FISSION PRODUCTS

1.0vR
0.000E+00
0.000E+00
0.000E+00
4 _400E-05
5.071E+04
1.391E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.935E+00
3.435E+01
6.678E~-11
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.D000E+00
0.000E+00
5.721E-13
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0C0
1.932E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00

5. OrR
0.000E+00
0.000E+00
0.000E+00
0.000E+0QQ
1.762E+04
2.202E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.331E-11
7.690E-10
6.678E-11
0.000E+00
0.000B+00
0.000E+00
0.000E+00
0.000E+00
0.000E+D0
0.000E+00
5.721E-13
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0Q0
0.000E+00
0.000E+00
1.788E~05
0.000E+00
0.000E+00
0.000E+00
0.000E+Q0
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM

ND151 1.349E+05 4.492E-13 1.483E-30 0.000E+00 0.000E+00 0.0C0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PM151 1.348E+05 1.013E+05 7.557E+04 1.181E+04 2.246E+03 3.148E-03 1.693E-18 0.000E+00 0.000E+00 0.000E+00
SML51 3.303E+02 3.316E+02 3.325E+02 3.348E+02 3.351E+02 3.350E+02 3.346E+02 3.340E+02 3.327E+02 3.226E+02
EU151 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA152 1.287E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0 0.000E+00 0.000E+00 0.000E+00
LA152 5.530E+01 0.000E+00 0.000E+00 0.000E+00 G.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CE152 5.244E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PR152 3.944E+04 0.0CO0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ND152 9.263E+04 1.326E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PM152 9.544E+04 2.060E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PM152M 1.853E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SML52 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
EU152 4.474E+00 4.474E+00 4.474E+00 4.472E+00 4.470E+00 4.456E+00 4.419E+00 4.364E+00 4.252E+00 3.468E+00
EU152M 8.888E+01 3.641E+01 1.491E+01 5.227E-02 3.325E-04 4.914E-22 0.000E+00 0.000E+00 O0.000E+00 0.000E+00
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12/ 18/ 02,

12:03:43AM

File: D:.AP1000 SF Curi e-out
1
PAGE 249

ORIGEN2 V2.1 (8-1-91),

Run on 11/30/01 at 16:51:51

* AP1000 UO2 Case - Decayed Average Assenbly Activities

POVNER=

GD152
LA153
CE153
PR153
ND153
PM153
SM153
EU153
GD153
LA154
CE154
PR154
ND154
PM154
PM154M
5M154
EU154
GD154
LA155
CE155
PR155
ND155
PM155
SM155
EU155
GD155M
GD155
CE156
PR156
ND156
PM156
5M156
EU156
GD156
CE157
PR157
ND157

2.16543E+01

2xBurned

.599E-13
.886E+00
L672E+02
.2B4E+04
.516E+04
.292E+04
.937E+05
.000E+00
L127E+01
.739E-01
.150E+02
.197E+03
.996E+04
.704E+04
.436E+03
.000E+00
.366E+04
.000E+00
.000E+00
.344E+01
.562E+02
.183E+04
.400E+04
.037E+04
.289E+03
.678E+00
.000E+00
L277E+00
L262B+02
.411E+03
.380E+04
.B46E+04
.0BBE+05
.000E+Q0O
.925E-02
_931E+01
.257E+03

HHEOUOWRRARPFMMOMUOUWNMOAFROOKROANWNWHRNNO® AUIFWOUOOW

OOOOW\‘I‘OOOOOO\DU"IOOOOOOHOOOOOOONOﬁOOOOO\D

7

MV BURNUP= 3.38110E+04 MWD,
NUCLIDE TABLE: RADIOACTIVITY, CURIES

One Asy at 4.728 w/o; Region-wise Power to

12.0HR 1.0D 100.0HR 7.0D 30.0D

.603E-13 9,605E-13 9.607E-13 9.607E-13 9.612E-13
.000E+00 0O0.00OE+00 O0.000E+00 O0.000E+00 O0.000E+00
.000E+00 0:000E+00 0.000E+00 O0.000E+00 0.000E+00
.000E+00 0.00COE+00 O.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.133E+05 3.458E+05 1.119E+05 4.079E+04 1.127E+01
.000E+00 0.000E+00 0.,000E+00 0.000E+00 0.000E+00
.123E+01 2.120E+01 2.101E+01 2.084E+01 1.951E+01
.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+0O
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+0Q0
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.000E+00
.366E+04 1 _.366E+04 1.365E+04 1.364E+04 1.357E+04
.000E+00 0.000E+00 0.000E+00 O.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.0Q0E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O0
.000E+00 0.000E+00 O0.000E+00 O0.000E+00 0.000E+00
.000E+00 0.000E+00 O.000E+00.0.000E+0Q 0.000E+00
.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00
.398E-06 9.313E-16 0.000E+00 0.000E+00 0.000E+00
:287E+03 9.285E+03 9.274E+03 9.264E+03 9.183E+03
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.,000E+00 0.000E+00 0.,000E+00
.000E+00 0.000E+00 O.00CE+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+0CO
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.626E+03 3.148E+03 1.158E+01 7.695E-02 1.617E-19
.021E+05 2.954E+05 2.557E+05 2.247E+05 7.863E+04
.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
.000E+00 O0.000E+00 O0.000E+00 0.000E+00 0.000E+00
.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+0O0
.000E+00 0.000E+00 0.000E+00 0.00QE+00 0.000E+00

OUTPUT UNIT =

FLUX= 3.82E+14 N/CM**2-SEC

54 GWD/MTU
90.0D
9.625E-13
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
5.868E-09
0.000E+00
1.643E+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.339E+04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
8.975E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
5.084E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00

180.0D
9.645E-13
0.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.973E-23
.000E+00
.270E+01
.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
.000E+00
.313E+04
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.671E+03
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.356E+01
.000E+00
.000E+00
.000E+00
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6

FI SSI ON PRODUCTS

1.0YR
9.684E-13
0.000E+00
0.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.471E+00
.000E+00
-000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.260E+04
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.077E+03
.000E+00
-.000E+00
.000E+00

.000E+00
.000E+00
.000E+00
.TTTE-02
.000E+00
.000E+00
0.000E+00

COHFHOODOOUCQ

.000E+00

5.0YR
9.959E-13
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.138E-01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
9.128E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

.0.000E+00

4.618E+03
0.000E+00
0.000E+0Q0
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

.000E+00 O0.000E+00 0.000E+00
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LE

:abeg

00+H000°0
00+H00070
00+d000°0
00+d000°0
00+d000°0
00+H000°0
00+d3000°0
00+H000°0
00+3000°0
00+3000°0
00+3000°0
00+H000°0
00+d4000°0
00+J000° 0

00+2000° 0
00+2000°0
00+2000°0
00+20007 0
00+=000°0
00+200070
00+=000"0
00+=000"0
00+20007°0
00+=000°0
00+=000°0
00+2000°0
00+=2000°0
00+=00070

00+=z000°0
00+2000°0
00+=000"0
00+=000"0
00+=00070
00+=2000"0
00+=000"0
00+=000"0
00+=000"0
00+=000-0
00+=000°0
00+=00070
00+=2000°0
00+=00070

00+3000_0
00+2000_0
00+2000_0
00+2000_0
00+2000 0
00+2000 0
00+2000 0
00+2000°0
00+2000"0
00+2000°0
00+2000°0
00+2000°0
00+2000"0
00+2000"0

00+z000°0
00+2000°0
00+=000°0
00+=2000°0
00+=000°0
00+=000°0
00+=000°0
00+=2000°0
00+=000°0
00+=000°0
00+=000°0
01-28¢8°1
00+=000°0
00+=000°0

00+H000°0
00+d000°0
00+3000°0
00+H000°0
00+3000°0
00+F000°0
00+d000°0
00+d000°0
00+3000°0
00+d000°0
00+H000" 0
T0+HE9S T
00+d000°0
00+d000°0

00+3000°0
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00+2000°0
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00+=000°0
00+=000"0
00+=000°0
00+=2000°0
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00+=000°0
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00+=000°0
yO+=TTIT T
00+=000°0
00+=000°0

00+2000°0
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£0+3522 €
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM

GD165 2.172E+01 0.000E+00 0.000E+00 0.000E+00 G.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TB165 3.550E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
DY165 1.006E+03 2.937E+01 B8.526E-01 1.568E-10 3.052E-19 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00Q0E+00
DY165M 6.297E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0C0QE+00
HO165 0.00DE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
DY166 2.805E+01 2.533E+01 2.2878+01 1.198E+01 6.720E+00 6.146E-02 2.950E-07 3.101E-15 1.141E-31 0.000E+00
HO166 3.211E+02 2.425E+02 1.842E+02 3.888E+01 1.363E+01 9.157E-02 4.395E-07 4.621E-15 1.597E-31 0.000E+00
HO166M 8.586E-03 8.586E-03 8.586E-03 8.586E-03 8.5B6E-03 8.585E-03 8.585E-03 8.583E-03 8.581E-03 B8.561E-03
ER166 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ER167 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0CO0E+00 0.000E+00 0.0C0E+00
ER167M 9.993E+00 0.000E+00 0.000Q0E+00 0.000E+00 0.000E+00 O0.00OCE+00 0.0COE+00 0.000E+00 0.000E+00 0.000E+0O
ER168 0.000E+00 0.00CE+00 0.C00E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00Q
YB168 0.000E+00 0.00DE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ER169 5.107E~0Q1 4.922E-01 4.744E-01 3.756E-01 3.048E-01 5.590E-02 6.698E-04 8.792E-07 1.027E-12 0.000E+00
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ORIGEN2 V2.1 (8-1-91),

Run on 11/30/01 at

16:51:51

* AP1000 UO2 Case - Decayed Average Assenbly Activities

POWER= 2.16543E+01

TMLE9
YB169
ER170
TM170
T™170M
¥YB170
ER171
TM171
¥YB171
ER172
TM172
YB172
TOTAL
0]

AP+FP
ACT+FP
AP+ACT+FP

2xBurned

.000E+00
.000E+00
.000E+00
. 4493-01
.629E-02
.000E+00
. 2363-06
.1073-03
.000E+00
.132E-10
:744E-04
.000E4+00
.033E+08

HFounmwodANORROOO

1.033E+08
1.374E+08
1.374E+08

7

vNoOUIwNoR_MNNocOPRPoOoO

o

MV  BURNUP= 3.38110E+04 MAD,
NUCLI DE TABLE
(e Asy at 4.

12. R

.000E+00
.000E+00
.000E+00
. 4453-01
.000E+00
.000E+00
. 3983-07
. 1053-03
.000E+00
.706E~10
. 0403-04
.000E+00
.587E+07

.587E+07
.142E+07
.142E+07

1.0D
0.000E+0Q0O
0.000E+00
0.000E+00
1.441E-01
0.0005+00
0.000E+00
2.448BE-07
4.103E-03
0.000E+00
6.503E-10
4.422E-04
0.000E+00
2.221E+07

100.0HR
.000E+00
.000E+00
.000E+00
.417E-01
.000E+00
.000E+00
L219E-10
. 0903-03
.000E+00Q
.219E-10
.931E~-04
0.000E+00
1.528E+07

HNMOoOPMNVOCOROOO

7.
0.000E+00
0.000E+00
0.000E+00
1. 3953-01
0.000E+00
0.000E+00
4.198E-13
4.079E-03
0.000E+00
8.481E-11
9.205E~-05
0.000E+00
1.308E+07

30. D
0.000E+0C
0.000E+00
0.000E+00
1.2323-01
0.000E+0C
0.000E+00
0.000E+0Q0
3.9873-03
0.000E+00
3.4463-14
2.249E-07
0.000E+00
7.809E+06

CGUMULATI VE TABLE TOTALS

2.221E+07 1.528E+07 1.308E+07 7.809E+06
3.566E+07 2.096E+07 1.585E+07 8.003E+06
3.566E+07 2.096E+07 1.585E+07 8.003E+06 4.705E+06

QUTPUT LN T =

FLUX= 3.82E+14 N/CM**2-SEC
RADI QACTIM TY, AR ES
728 w/o; Regi on-wi se Power to

54 GWD/MTU
90.0D
0.000E+00
0.000E+0Q0
0.000E+00
8.919E-02
0.000E+00
0.000E+00
0.000E+00
3.75BE-03
0.000E+00
4.905E-23
3.437E-14
0.000E+00
4 .573E+06

4.573E+06
4.705E+06

180.0D
0.000E+00
.000E+00
.000E+0Q0
.491E-02
.000E+00
.000E+00
.000E+00
. 4383-03
.000E+00
.000E+0QOQ
2.054E-24
0.000E+00
2.940E+06

cCowoooumo o

2.940E+06
3.062E+06
3.062E+06

6

FI SSI ON PRCDUCTS

1. OR
0.000E+00
0.000E+00
0.000E+00
2.023E-02
0.000E+00
.000E+00
.000E+00
.B63E-03
.000E+00
.000E+00
.000E+0CQ
.000E+00
.BOOE+06

HOoOQooONOO

1.800E+06
1.909E+06
1.909E+06

5. OrR
0.000E+00
0.000E+00
0.000E+00
7.686E-06
0.000E+0C0O
0.000E+0Q0
0.000E+00
6.755E~-04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.450E+05

4.450E+05
5.301E+05
5.301E+05
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