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This section addresses the transportation issues associated with siting and operating ' 

- % 

a new reactor and is divided into two main subsections. The first subsection addresses 
the light-water-cooled reactor (LWR) designs presently being considered. The second 
subsection addresses the gas-cooled reactor designs also being considered. This split 
addresses the regulatory distinction made in 10 CFR 5 1.52 for light-water-cooled 
reactors. 

As required by 10 CFR 5 1.52, every environmental report prepared for the constru~tion 
permit stage of a light-water-cooled nuclear power reactor (LWR), and submitted on or 
after September 4, 1979, is to utilize Table 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 radioactive wastes to and 
fiom the reactor. 

Table S-4 (as provided in 10 CFR 51.52(c) and repeated in Table 3.8-3) is a summary 
impact statement concerning transportation of fuel and radioactive wastes to and from a 
reactor. The table is divided into two categories of environmental considerations: 
(1) normal conditions of trimsport and (2) accidents in transport. The normal conditions 
of transport consideration are further divided into environmental impact, exposed 
population, and range of doses to exposed individuals per reactor reference year. The 
"accidents in transport" consideration is concerned with environmental risk. Under 
"normal conditions of transport," the environmental impacts of the heat of the fuel cask in 
transit, weight, and traffic density are described. Also the number and range of 
radioactive doses to transportation workers and the general public are described. Under 
"accidents in transport," the environmental risk from radiological effects and common 
nonradiological causes such as fatal and nonfatal injuries and property damage are 
described. 

To indicate that Table S-4 adequately describes the environmental effects of the 
transportation of he1 and waste to and from the reactor, the reactor licensee must state 
that the reactor and this transportation either meet all of the conditions in paragraph (a) of 
10 CFR 51.52 or all of the conditions in paragraph (b) of 10 CFR 51.52. Subparagraphs 
10 CFR 5 1.52(a)(1) through (5) delineate specific conditions the reactor must meet to use 
Table S-4 as part of its environmental report. Subparagraph 10 CFR 5 1,52(a)(6) states, 
"The environmental impacts of transportation of fuel and waste to and from the reactor, 
with respect to normal conditions of transport and possible accidents in transport, are as 
set forth in Summary Table S-4 in paragraph (c) of this section; and the values in the 
table represent the contribution of the transportation to the environmental costs of 
licensing the reactor." Paragraph 10 CFR 51.52(b) states that reactors not meeting the 
conditions of 10 CFR 5 1.52(a) shall make a full description and detailed analysis for their 
reactor equivalent to Table S-4. 



The light water cooled reactor technologies being considered have characteristics that fall 
within the conditions of 10 CFR 5 1.52, for use of Table $4, with one minor exception 
for two of the reactor designs, i.e., rated core thermal power level. The effect of this _ __- - - * -, , In " I ,._ "_ 

difference will be discussed later. ---- . . 

The light water cooled technologies being considered are identified in Section 1.1.3. 
These designs include the AEWR (Advanced Boiling Water Reactor), the ESBWR 
(Economic Simplified Boiling Water Reactor), the AP- 1000 (Advanced Passive PWR), 
the lRTS (International Reactor Innovative and Secure), and the ACR-700 (Advanced 
CANDU Reactor). The standard configuration for each of these reactor technologies is 
as follows. The ABWR is a single unit, 4300 MWt, 1500 MWe reactor. The ESBWR is 
a similar BWR: single unit, 4000 MWt, 1390 MWe. The AP-1000 is a single unit, 3400 
MWt, 11 17-1 150 MWe pressurized water reactor, The IRIS is a three module 
pressurized water reactor configuration for a total of 3000 MWt and 1005 MWe. And the 
ACR-700 is a twin unit, 3964 MWt, 1462 MWe, light-water-cooled reactor with a heavy 
water moderator. 

10 CFR 5 1.52 lists several conditions that need to be addressed by these reactor' 
technologies. If all the conditions are satisfied by all of the reactor technologies, then the 
Table S-4 values are appropriate for use in the Early Site Permit. These conditions are 
reactor core thermal power; fuel form; fuel enrichment; fuel encapsulation; average Euel 
irradiation; time after discharge of irradiated fuel before shipment; mode of transport for 

F unirradiated fuel; mode of transport for irradiated fuel; and mode of transport for 
radioactive waste other than irradiated fuel. There are two'other conditions in S-4 that 
require that all radioactive waste, with the exception of irradiated fuel, be packaged and 
in solid form. Table 3.8-1, "LWR Transportation Worksheet," was prepared to succinctly 
show the reference conditions along with the vaIues for the new reactor technologies. 
The information to complete the table was supplied by the reactor vendors. 

10 CFR 5 1.52(a)(l) requires that the reactor have a core thermal power level not 
exceeding 3800 megawatts. Of the considered LWR technologies, only the two boiling 
water reactors, the ABWR and the ESBWR, exceed this value. The ABWR has a core 
thermal power level of 4300 megawatts thermal (MWt) while the ESBWR reactor power 
level is 4000 MWt. The higher rated core power level would typically indicate the need 
for more fuel and therefore more fuel shipments. This is not the case in this instance due 
to the higher unit capacity and higher burnup for the reactors with the increased power 
level. The annual fuel loading for the reference reactor was 35 MTU while the annual 
fuel loading for both the ABWR and ESBWR is only 32.8 MTU. In fact, the annual 
MTU of fuel normalized to equivalent electrical generation is just slightly more than half 
of the reference LWR, 18.4 versus 35. This reduced annual MTU of fuel will mean 
fewer shipments and less environmental impact. Also, WASW-1238 states: "The 
analysis is based on shipments of fresh fuel 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 thermal (MWt) or 1,000 to 1,500 megawatts electrical (MWe)." Both the 
ABWR and the ESBWR fall within these bounds. 



10 CFR 5 1.52(a)(2) requires that the reactor fuel be in the form of sintered u rdurn  
dioxide (UOz) pellets. The LWR technologies being considered have a sintered UOz 
pellet he1 form. 

-.-- - > 

10 CFR 5 1.52(a)(2) requires that the reactor fuel have a uranium-235 enrichment not 
exceeding 4% by weight. This condition has been modified by WRC Assessment of the A) ;YT 

Environmental Effects of Transportation Resulting From Extended Fuel Enrichment and p ' 
Irradiation" as provided in 53FR.30555 and 53FR32322. This reference along with 
NUREG 1437, Generic Environmental Impact Statementfor License Renewal of Nuclear 
Plants, concluded that 5% enrichment is also bounded. Based on this modification, the 
LWR technologies being considered meet this condition. -- -- - "  

10 CFR 5 1.52(a)(2) requires that the reactor fuel pellets be encapsulated in Zircaloy rods. 
This has been modified by 10 CFR 50.44, which allows use of Z I R L O ~ ~ .  Based on this 
modification, the LWR technologies being considered meet this condition. 

10 CFR 5 1.52(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 Statement for License Renewal ofNuclear Plants, concludes that 62,000 
MWGRIITU for the peal  rod is also bounded by the Table. Based on this modification, 
the LWR technologies being considered meet this condition. The average discharge 
burnup in MWd/MTU ranges from a low of 20,500 for the ACR-"10 to'a high of 55,200 
for the IRIS reactor technology. 

10 CFR 5 1.52(a)(3) requires that no irradiated fuel assemblies be shipped until at least 90 
days after it is discharged from the reactor. Table S-4 assumes 150 days of decay time 
prior to shipment of any irradiated fuel assemblies. For the LWR technologies being 
considered, five years is the minimum decay time expected before shipment of irradiated 
Euel assemblies. The five-year minimum time is supported additionally by two current 
practices. One is per contract with DOE, who has ultimate responsibility for the spent 
Euel. Five years is the minimum cooling time specified in 10 CFR 961, Appendix E. The 
other practice is the NRC specifies five years as the minimum cooling period when they 
issue certificates of compliance for casks used for shipment of power reactor fuel. 
(NUREG-1437, Addendum 1, pp 26) In all likelihood, the decay time will be at least ten 
years and probably even longer. In addition to the minimum fuel storage time, NUREG- 
1555 Enviromental Standard Review Plan, Section 3.8 asks for the capacity of the onsite 
storage facilities to 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 5 1.52(a)(5) requires that uninadiated fuel be shipped to the reactor by truck. The 
LWR technologies being considered are planning to ship their uninadiated fuel by truck. 

10 CFR 5 1.52(a)(5) allows for truck, rail, or barge transport of irradiated fuel. The LWR 
technologies being considered comply with the transport mode. Three of the reactor 
vendors identified rail as the shipment mode, two reactor vendors specified truck as the 



shipment mode, and the vendor for the ABWR and the ESB WR stated either rail or truck. 
Of note, the DOE is responsible for 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 asks for the estimated transportation distance from the 
plant to the facility to which irradiated k e l  will most likely to be sent. Recognizing the 
uncertainty in predicting the kture destination of spent fuel in the United States, 2500 --- 

miles C--_---i is utilized --..---....- as ' .  a ----  bounding-distarjce - - - -  at-this time. This length bounds the approximate 
average d~stance fiom typical reactor sites fopotential repository locations in the US. 

10 CFR 5 1.52(a)(5) requires that the mode of transport of low-level radioactive waste is 
either truck or rail. The LWR technologies being considered plan to ship their 
radioactive waste by truck. 

Finally, 10 CFR 5 1.52(a)(4) requires that with the exception of spent fuel, radioactive 
waste shipped from the reactor is to be packaged and in a solid form. The LWR 
technologies being considered will solidify and package their radioactive waste. 
Additionally, existing NRC (1 0 CFR 7 1) and DOT (49 CFR 173,178) packaging and 
transportation regulations specify requirements for the shipment of radioactive material. 
The LWR technologies being considered are also subject to these regulations. 

In conclusion, since the LWR technologies being considered satisfy the basis 10 CFR 
5 1.52(a) conditions for use. of Table S-4, the environmental impacts of transportation of 
fuel and radioactive wastes are represented by the values given in 10 CFR 5 1 SZ(c), Table 
S-4. Thus, the radiological and nonradiological environmental impacts of transportation 
of he1 to and from, and waste from, an LWR are small. 



Table 3.8-1 LWR-S4 Transportation Worksheet 

Reactor 
Technology 

Characteristic 
Reactor Power Level MWt not exceeding 4000 MWt 4300 MWt : 

3800 MWt per 
reactor 

(RIS - 
(3 Reactors) 

ACR-700 
(Twin Unit) 

3400 3000 (1000 MWi 3964 (1982 MWt 
per reactor, 3 per reactor, 2 

reactors per plant) reactors per plant) 

Fuel Form sintered U02 sintered U02 sintered U02 sintered U02 pellets sintered UQ2 
pellets pellets pellets pellets 

U235 Enrichment Not exceeding 4%; Initial Core < Initial Core < Initial Core Load fuel cycle average 
NUREG 1437 3.5%; Reload 3.5%; Reload Region I 2.35% - 4.85%; 
concludes that 5% average < average < Region 2 3.40% maximum 
is bounded 4.5% 4.5% Region 3 4.45% assembly 4.95%; 

Reload Average reload 4.75 - 
4.51 % 4.95% 

sintered UQ2 
pellets 

Fuel Rod Cladding Zircaloy rods; 10 Zircaloy Zircaloy Zircaloy or Z I R L O ~ ~  Z I R L O ~ ~  Zircaloy-4 
CFR 50.44 allows 
use of ZIRLO 

Average burnup MWdIMTU Not exceeding 46,000 46,000 48,700 55,200 20,500 
33,000; NUREG 
1437 concludes 
62,000 MWdlMTU 
for peak rod is 
bounded 





3.8.2 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 waste to and from the reactor for gas-cooled reactor technologies 
is based on a comparison of the key parameters and conditions that were used to generate 
the impacts listed in 10 CFR 5 1 ,52(c), Table S-4. This comparison can then demonstrate 
that the environmental impacts of these gas-cooled reactor technologies are no worse than 
the impacts previously identified in Table S-4 for the light-water-cooled technologies, 
The premise being that if the values of the major contributors to the health and 
environmental impacts that were used for the reference LWR are greater than those 
comparable vaIues for the gas-cooled reactor technologies, then the subsequent impacts 
would also be greater and therefore bounding. It is i9or tant  -----_ to point _--__ out _ that _ ..-..--_ even 
though we are looking at the contributors individGlly, it is the oyera11 ciunulative impact 

-c- - - - + -  " - --- . -- . *. 

that --- is of --- concern. - That &;:.for purposes of com~arhgi&valuating cumulative impacts, 
t h r e  +..___* - can be increasesin select individual contributors if offset by decreases in other 
contributors. 

The parameters that have been chosen for purposes of comparison include not only the 
major contributors to the health and environmental impacts but also the conditions listed 
in 10 CFR 5 1 S2. The major contributor to transportation risk is the number of 
shipments. Basically, the more shipments, the more risk; if there are no shipments, there 
is no risk. The Table S-4 shipments include fresh fuel for.both initial core loading and 
reloads, irradiated fuel, and low-level waste (LLW) from operations. The second main 
contributor to the transportation risk would be the mode of shipment. In this case, only 
trucks and trains are considered. The last important risk factor relates to what kind of 
materia1 is being shipped. In the category for irradiated fuel, we compared fission 
product inventory, krypton inventory, actinide inventory, total radioactivity, decay heat, 
and weight of shipment. For radioactive waste, we used the volume to determine the 
number of shipments. Radioactivity (Ci) was also estimated to assure that the assumption 
about the percentage of LLW that might require shielding was reasonable. 

The 10 CFR 5 1.52 conditions are: reactor core thermal 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. In 
addition, there are two other conditions that require that all radioactive waste with the 
exception of irradiated fuel b e e  -.," and +-.--. in --+-- solid w~--.---, form. Since existing packaging and 
transportation regulations already address those items and would also apply to these new 
reactor technologies, no further discussion is needed for these two conditions. 

3 Before proceeding with the evaluation, it is important to note that the NRC has an 
1 

- 
ongoing review of the safety of spent fuel tran;portation. The latest evaluation is 



N[JREG/CR-6672, "Reexamination of Spent Fuel Shipment Risk ~stimates," published 
in March 2000. The NRC in their document "An Updated View of Spent Fuel 7 0  \ Y 

Transportation Risk," concluded that the NUBEGICR-6672 study confinned that earlier 
risk estimates (NUREG-0 170, "Final Environmental Statement on the Transport of 
Radioactive Materials by Air and Other Modes") to the public remain conservative by 
factors of 2 to 10 or more; that existing regulations governing the shipment of spent &el 
are adequate; and no unreasonable risk is posed to the public by the continued shipment 
of spent fuel. The range of conservative risk factors covers differences in mode of 
transport (rail or truck) and either accident or accident-free scenarios. 

These same NRC conclusions support the position that environmental assessments of the 
transport casks do not have to be done for the Part 71 cask certifications because they 
meet the categorical exclusion criteria in 10 CFR 5 1.22(c)(13) that package designs used 
for the transportation of licensed materials do not require an environmental review. As 
discussed in 10 CFR 51.22(a), the NRC has determined that certain categories of 
licensing and regulatory actions have already been determined individually or 
cumulatively to not have a significant effect on the human environment; thus, a separate 
environmental assessment is not required. As mentioned in the previous paragraph, a 
generic assessment of the environmental effects associated with transportation of all 
radioactive material, including spent fuel, has already been done as provided in NUREG- 
0170, "Final Environmental Statement on the Transportation of Radioactive Material by 
Air and Other Modes," dated December 1977. This environmental impact statement 
(EIS) provided the regulatory basis for continued issuance of general licenses for 
transportation of radioactive material under 10 CFR 71. In addition, the NRC has 
conducted a reexamination of the risks associated with spent fuel shipments as 
documented in NUREGICR-6672. This reexamination concluded that the estimated risks 
for future shipments are well below those in the 1977 study. Thus, NUREG-0170 
remains valid as the baseline report on which National Environmental Policy Act (NEPA) 
analyses of transportation risk 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-cooled reactor technologies 
being considered. The reference LWR pertains to the typical 1100 MWe light-water- 
cooled nuclear reactor as described in WASH-1238. The information to construct the 
worksheet was taken from the ''Noma1 Conditions of Transport" portion of the 10 CFR 
51.52 Summary Table S-4 "Environmental Impact of Transportation of Fuel and Waste 
to and from One Light- Water-cooled Nuclear Power Reactor," WASH- 123 8 
"Environmental Survey of Transportation of Radioactive Materials to and from Nuclear 
Power Plants" and Supplement 1 to WASII-1238 (NUREG-751038) for the reference 
LWR. The information for the reactor technologies was provided by the reactor vendors. 

3 -8.2.2 Analvsis 

This section provides a detailed description of the comparison of the individual 
characteristics supporting Table S-4 against the corresponding parameters for the gas- 
cooled reactor technologies. The value for the reference reactor is given along with the 



corresponding values or range of values for the gas-cooled reactor technologies. As 
t appropriate, additional infomation and/or observations are provided. Table 3 3-2, the 

Gas-cooled Reactor Transportation Worksheet, provides additional details regarding the - 
reactor technology specific values. L 

4 3'2-3 
There are two gas-cooled reactor technologies presently being considered. These reactor ., SS 
technologies are the GT-MIIR (Gas Turbine-Modular Helium Reactor), and the PBMR -_--- 
(Pebble Bed Modular Reactor). The standard configuration for each of these reactor 4 2 d-9 

technologies is as follows. The GT-MHR is a four module, 2400 MWt, 1140 MWe gas- g5.X2,, 
cooled reactor. The PBMR is an eight module, 3200 MWt, 1320 MWe gas-cooled 

I;CL &$ n 7 a;J 
reactor. The unit capacities for these reactors are as follows: 88% for the GT-MHR; 95% - ao2J 
for the PBMR. These values are contrasted with the reference LWR, a single unit, 1100 
MWe plant with a unit capacity factor of 80%. 

( l 9 0 p.4 "1 $2, 
6 68 

Before beginning direct comparisons, it is important to note that the plants being C"'"yII. 

3 H k 1 "  
considered are a different physical size, have a different electrical rating, and have a 

1 ( different capacity factor from the reference LWR, In order to make proper comparisons, w 

we need to evaluate the characteristics based on equivalent criteria. In this case, B % "  
+-- r 0,85 

electrical generation is thg.met~c ofzh9ice. Electrical generation is why the plants are I 0 03 
c-tztf 

being built, and we want to know if these new reactor technologies, for the same 
electrical output, have a greater or lesser impact on the health and environment. The 
reference LWR is an 1100.JvIWe plant with a capacity factor of 80%. Based on this, the 
reactor technologies should be normalized to 880 MWe using their pl&t specific 
electrical rating and capacity factor. For many of the characteristics being examined, 
this adjustment is not necessary. But in a few cases, specifically those dealing with the 
number of shipments of fuel and / -... waste, an adjustment is appropriate. The amount of this 
adjustment ranges fkom minus 12% for the GT-MHR to minus 30v  for the PBMR. 

i-̂  
\,&?, "#< ! 5% pcy' """'J / 

\ L "' .'C$. ",- 
7 F" 1: / ,  32 .-4, :; , 

1 - i ( [ I L I D ~ D , % %  I :,@. ,i 
3.8.2.3 Table S-4 Conditions L- 2 

As discussed previously, Table S-4 lists several conditions that need to be addressed by 
the new reactor technologies. These conditions are reactor core thermal power; he1 
form; fuel enrichment; fuel encapsulation; average fuel irradiation; time after discharge 
of irradiated fuel before shipment; mode of transport for unirradiated hel; mode of 
transport for irradiated fuel; and mode of transport for radioactive waste other than 
irradiated fuel. Two other conditions in S-4 require that radioactive waste, with the 
exception of irradiated fuel, be packaged and in solid form. 

10 CFR 5 1.52(a)(l) requires that the reactor have a core thermal power level not 
exceeding 3 800 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 has a 
core thermal power level of 400 MWt per module. 

10 CFR 5 1.52(a)(l) requires that the reactor fuel be in the form of sintered UOz pellets. 
The fuel form for the gas-cooled reactors being considered is TRISO coated uranium 



oxycarbide fuel kernels for the GT-MHR and TRISO coated uranium dioxide fuel kernels 
for the PBMR. 

10 CFR 5 1.52(a)(2) requires that the reactor he1 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. The PBMR has an equilibrium 
enrichment of 12.9% while the GT-MKR fissile particle enrichment is 19.8%. 

10 CFR 5 1.52(a)(2) requires that the reactor fuel pellets be encapsulated in Zircaloy rods. 
This has been modified by 10 CFR 50.44, which allows use of ZIRLO. The gas-cooled 
reactors being considered have a different configuration. The Euel kernels are coated with 
layers of pyrolytic carbon and silicone carbide. These coatings are considered the 
equivalent of the fuel cladding. For the GT-MHR these TRISO fuel particles are blended 
and bonded together with a carbonaceous binder. These are stacked within a graphite 
block. For the PBMR, the fuel unit is a 6 cm diameter graphite sphere containing 
approximately 15000 TRISO fuel particles. 

10 CFR 51.52(a)(3) requires that the average bumup is not to exceed 33,000 IvfWd/MTU. 
NUREG 1437, Generic Environmental Impact Statement for License Renewal of Nuclear 
Plants, concludes that 62,000 MWd/MTU for the peak rod is also bounded by the Table. 
The gas-cooled reactors have an expected burnup of 133,000 MWd/MTU for the PBMR 

7 and 1 i2,742 MWdlMTU for the GT-IvEB. , 

10 CFR 5 1.52(a)(3) requires that no irradiated fuel assemblies be shipped until at least 90 
days after it is discharged from the reactor. Table S-4 assumes 150 days of decay time 
prior to shipment of any irradiated fie1 assemblies with a condition of not less than 90 
days. For the gas-cooled reactor technologies being considered, five years is the 
minimum decay time prior to shipment of irradiated fiiel assemblies. This is per contract 
with DOE, who has ultimate responsibility for the spent fuel. In all likelihood, the decay 
time will be at least ten years and probably even longer. The gas-cooled reactor 
technologies being considered are designing for on-site storage of spent fuel for up to 60 
years including potential modular storage expansions. 

10 CFR 5 1.52(a)(3) requires that the unirradiated fuel be shipped to the reactor by truck. 
The gas-cooled reactor technologies being considered are planning to ship their 
unirradiated fuel by truck. 

10 CFR 5 1,52(a)(3) allows for 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 5 1.52(a)(3) requires that the mode of transport of low-level radioactive waste is 
either truck or rail. The gas-cooled reactor technologies being considered plan to ship 
their radioactive waste by truck. 



Finally, 10 CFR 5 1.52(a)(4) requires that that, with the exception of spent fuel, 
radioactive waste shipped from the reactor is to be packaged and in a solid form. The 
gas-cooled technologies being considered will solidifjr and package their radioactive 
waste, Additionally, existing NRC (10 CFR 7 1) and DOT (49 CFR 173,178) packaging 
and transportation regulations specify requirements for the shipment of radioactive 
material. The gas-cooled technologies being considered are also subject to these 
regulations. 

3.8.2.4 Risk Contributors - Shipkents 
I ' 

This section discusses the type and number of shipments for the gas-cooled reactor 
technologies and the values used for the reference LWR. 

The reference LWR assumed an initial core loading of 100 MTU for a PWR and 150 
MTU for a BWR. These quantities resulted in 18 truck shippats.  For the new gas,- -. 

cooled reactor technologies, the numbers of shipments were@,br the PBMR a 5 i  for 
the GT-MHR, If normalized to the equivalent electncal output, the number of shipments 
would be 3 1 ane>respectively. 

t-- 5 ( @  0&6! 
The reference LWR assumed an &a1 reload of 30 MTU. This quantity resulted in 6 
truck shipments. For the new gas-cooled reactor technologies, the numbers of reload 
shipments ranged fio&;?for the PBMR to 20 for the GT-MHR. The number of 

i "-9 f 2 b L T  
shipments normalized to1 the electrical generation changes slightly to 1 /for the GT- J- *?I*" 

L @, pPk,dL- MKR. &,&&ayA @ G* . 
,'--- 

f@$/Ea,*~T- 6, a? 
With respect to the number of spent fuel shipments by truck, the reference LWR assumed 
60 shipments annually. For the two gas-cooled reactor technologies, the number of 
shipments is considerably less. The PBMR requires 16 annual shipments while the GT- 
MHR requires 3 8 truck shipments annually. Normalizing to the electrical generation 
lowers these numbers to 12 to 34, respectively. 

The reference LWR assumed 10 rail shipments annually of spent fuel. Since the gas- ?i i<k* 
cooled reactor technologies are not planning to ship their spent fuel by rail, no 

,, ,J' .. 
comparison is needed. However, based on the comparison for truck shipments, fewer- LLV Y - 3 et b'w 

1 J 
I+,  

than 10 rail shipments annually would be expected if DOE decided to use larger and , @-" ' .,.++ ! f @  

higher capacity rail transport casks for gas-reactor spent fuel. ep *, /, *, 

The reference LWR also considered transporting spent fie1 by barge and assumed 5 
shipments annually. Since the gas-cooled reactor technologies are not planning tdShip 
their spent he1 by barge, no comparison is needed. 

The reference LWR assumes 46 shipments annually of low-level radioactive waste. The 
gas-cooled reactor technologies will make far fewer shipments. The GT-MHR will need 
only 5 shipments while the PBMR will require 9 shipments annually. These results 

1 assume that 90% of the LLW can be shipped at 1000 fi3 per truck, and the remaining 10% 



can be shipped at 200 f13 per tmck. If the numbers are normalized to electrical 
generation, the numbers of shipments range from 6 to 7. 

The Table S-4 value, traffic density in trucks per day, for the reference LWR is given as - - 
less than one per day. Both the gas-cooled reactor technologies would also have less than 
one per day. In fact, the new gas-cooled reactor technologies would have far fewer 
shipments per year. The reference LWR bounding annual value for truck shipments is 
110 based on a 40 year period, while the normalized number of truck shipments for the 
gas-cooled reactor technologies would require as few as 18 for the PBMR and only 41 for 
the GT-MHR. 

The rail density in cars per month for the reference LWR is given as less than 3 per 
month. Since the gas-cooled reactor technologies are not planning to make my 
shipments by rail, no comparison is needed. However, as noted above, if DOE decided to 
use rail transport for spent fuel instead of truck, fewer than 3 shipments per month would 
be expected based on the expected larger capacity of rail spent fuel casks compared to 
truck casks. 

3.8.2.5 Risk Contributors - Contents 

This section addresses the radioactive contents of the shipments and their thermal loading 
and compares them to the ~eference LWR. The radioactive and decay heat values are 
based on the earliest time of shipment. For the gas-cooled reactor teckr;ologies, the five- 
year time was selected because it is the current minimum allowed time before shipment 
per DOE contract. These values are compared with the reference LWR that used a 90- 
day decay time. Ninety days was the minimum allowed time before shipment for Table 
$4, Since we are evaluating the transportation impacts, it is the inventory and associated 
decay heat at the time of shipment that is of interest, not the inventory and decay heat at 
any other particular time. 

The fission product inventory at the time of shipment for the reference LWR was 6.1 9 x 
1 o6 c i  per MTU. The values for the fission product inventory at the time of shipment for 
the gas-cooled reactor technologies were both much lower, from 3.5 to 4 times lower. - -  Fj madl _ _ _  _ _--- --- ..- 

/ 

The actinide inventory at the time of shipment in Ci per MTU for the reference LWR was 
1.42 x lo5. Because of the longer burnup times for the new gas-cooled new reactor 
technologies, both of these reactor technologies have values that exceed the reference 
LWR. The GT-MHR and the PBMR, exceed the reference LWR by - 64% and -59%, 
respectivelyrThis comparison changes significantly for the GT-MHR if one considers 

rt 4 -I- the Ci per ship&ent, which is really what is of concern. The reference LWR ships 0.5 
MTUper truck cask while the GT-MHR ships about a third less 0.16044 MTU per truck 
cask. Based on this comparison, the actinide inventory per shipment is about half (53%) 
for the GT-MKR versus the reference LWR. Since the PBMR plans to ship 0.495 MTU 
per cask, there is essentially no difference from the comparison per MTU. 



?,J * .- -.$ \ &d{ 
The total radioactive inventory in Ci per MTU at the time of shipment for the reference 3 &60 , % ,$. 
LWR was 6.33 x lo6. The new gas-cooled reactor technologies have much lower total 
radioactivity at time of shipment. The differences are from 3 to almost 4 times lower. 

;fl 
. -+Y 

The krypton-85 inventory in Ci per MTU at the time of shipment for the reference LWR ,i f 
was 1 .I3 x 1 04. Both the GT-MKR and the PBMR exceed the reference LWR by about a P$tJ 

' d J t p . d  

factor of 2.3, As before, if one considers the Ci per shipment, the Kr-85 inventory for the 
GT-MHR would be about 71% of the Kr-85 reference LWR inventory. The PBMR 
comparison remains essentially the same, - i> % <  4 51 
The kilowatts per MTU at the time of shipment for the reference LWR were 27.1. This 5 dd2-l t 

value is considerably higher than for the gas-cooled reactor technologies. At the time of " 

shipment, the decay heat for the gas-cooled reactor technologies being considered ranges 
fiom 6.36 kilowatts per MTU for the GT-MHR to 3.91 kilowatts per MTU for the 
PBMR. 

The decay heat (per irradiated fuel truck cask in transit) in kilowatts for the reference 
LWR was 10. Both the gas-cooled reactor truck casks generate much less heat (5 to 10 
times lower) per truck cask than the reference LWR. 

The decay heat (per irradiated fuel rail cask in transit) in kilowatts for the reference 
LWR was 70. Since the gas-cooled reactor technologies are not planning to ship their 
spent fuel by rail, no comparison is 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 the time of the reference LWR evaluation, the road limit was 73,000 lbs. This has 
changed slightly through the years. 23 CFR 658.17 'Weight" states that for the Interstate 
and Defense Highways the maximum gross vehicle weight shall be 80,000 pounds. In all 
cases for the gas-cooled reactor technologies, 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 technologies being considered. Three of these 
characteristics __-  have __I- L no direct _ transportation impact on the health and the environment: 
Gel form, UZJ5 enrichment, and &el r6dcladd;rg. - ----- There are operational issues and fuel 
cycle impact issues associ-ated with these characteristics that are addressed as part of the 

b" * ,< <IX 

P @ a operating license and as part of the evaluation of Table S-3 "Uranium fuel cycle data," 
4F-7 

oh& 4 respectively. Two of these characteristics (number of shipments for initial core loading 
s @" 
; $? 

i $,& + i -  -fland number of reload shipments) are really a part of the overall truck transportation 
. ,t@" picture. When one considers the total number of truck shipments (fresh &el, spent fiel, 
W 

. , .  and radioactive waste), the new reactor technologies have many fewer total shipments. 
k,tAr For example, on an average annual basis, the new reactor technologies require 69 to 105 
/ -  

4@ 
fewer truck shipments. Comparing the total number of shipments is appropriate since the 



radiological impacts from fiesh he1 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 technologies will generate fewer watts per MTU at time of shipment, and - . . 
fewer kW per truck cask at time of shipment. The fuel inventory will be discussed as part 
of the remaining two characteristics that were exceeded: actinide inventory and krypton- 
85 inventory. 

That the actinide inventory per metric ton of spent he1 is greater for the majority of the 
new gas-cooled reactor technologies is not surprising, since actinide activity tends to 
increase with increasing burnup and both of the gas-cooled reactor technologies plan a 
higher burnup than the reference LWR. The increase in the actinide activity for the new 
reactor technologies ranges fiom 59% to 65%. And as discussed in the previous section, 
if one considers the actinide inventory per shipment, only the PBMR exceeds the 
reference LWR by 59%. From NUREGICR-6703 "Environmental Effects of Extending 
Fuel Burnup Above 60 GWdMTU," we learn that "none of the actinides contributes 
more than one percent of the external dose from an iron transportation cask, and as a 
group, the actinides do not contribute significantly to the dose from transportation 
accidents. In fact, increasing the activities of Pu-238, Pu-239, Pu-240, Pu-241, Am-241, 
Cm-242 and Cm-244 by more than a factor of 1000 only increased the cumulative dose 
for a transportation accident during shipment of 43 GWdrMTU spent fuel from the 
northeast to Clark County,.NV from 0.0358 to 0.0359 person-mSv1shipment (3.58 x 10" 
to 3.59 x 10" person-rem/shipment)." There is one other area where the increased 
actinide activity needs to be considered and that is the corresponding increase in neutron 
source term. NUREGICR-6703 states "because neutrons are effectively attenuated by 
low-density materials such as plastics and water, it is believed that minor modifications 
can be made to shipping casks to allow them to transport the higher bumup fuel at full 
load." 

Based on the analysis performed and the conclusions drawn in NUR.EG/CR-6703 which 
show that actinides are not major contributors to the transportation risk, either incident 
free or accident, and with the actinide activity only 59% greater, the environmental 
impacts would still be bounded even for these higher burnups. 

This leaves the Kr-85 inventory as the final characteristic to be addressed. The increase 
of Kr-85, a long-lived noble gas, would suggest an increase of the consequences 
associated with an accident that resulted in a breach of the fuel cask and fuel rods. The 
range of increase for the gas-cooled technologies being considered is from 12 1 % to 
133%. And as discussed in the previous section, if one considers the Kr-85 inventory per 
shipment, only the PBMR exceeds the reference LWR. These amounts are based on a 5- 
year cooling time. If this decay time were increased by about 11 years, slightly greater 
than the half-life of Kr-85 (10.6 years), not an unlikely scenario by the way, this increase 
would for the most part decay away. Another factor to consider is that transportation risk 
is a function of both consequences and likelihood. Because the new reactor technologies 

6 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 large trucks has steadily declined for more than the past 25 years and is less than . 

k half the rate in 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 is that the cask regulations are . 

based on allowable releases independent of the inventory. Thus, regardless of the initial - , 

source term, if the cask releases more than a specific 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 effects are still conservative and appropriate for use by 
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 are independent of any impact or there are mitigating factors and controls to assure 
that these slight increases are bounded by the impacts specified in Table 5-4. This 
conclusion is also borne out by the observation that these new reactor technologies will 
be using the same transportation modes and subject to the same NRC and DOT 
regulations for 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 conditions in 10 CFR 
5 1.52(b). . . 

3.8.3 Methodoloav Assessment 

As indicated in Section 1.1.3, the selection of a reactor design to be used for the EGC 
ESP Facility is still under consideration. Selection of a reactor to be used at the EGC 
ESP Site may not be limited to those considered above. However, the methodology 
utilized above is appropriate to evaluate the 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 transportation environmental impacts 
considered for this ESP. 

721 i j~,r-bx ",I .sr t r U 6  p~ F~-me*"~ 
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Table 3.8-2 Gas-cooled Reactor Transportation Worksheet . 

Comments 
Reactor 

Technology 
Characteristic 
Capacity 80% 88% 95% 
Normalization factor 1 0.88 0.7 

Reactor Power Level MWt - 34002400 (600 MWt per 3200 (400 MWt pernot exceeding 3800 
module, 4 modules module, 8 modules MWt per reactor is 
per plant) per plant) a condition for use 

of Table S-4 

Fuel Form 

U235 Enrichment 

Fuel Rod Cladding 

sintered U02 pellets TRlSO coated Sphere of TRISO Sintered U02 pellets 
particle fuel with Coated U02 fuel is a condition for 
uranium oxycarbide kernels use of Table S-4 
(UCO) kernal 

I % - 4% fissile particle 19.8%; initial 4.9%; Not exceeding 4% 
fertile particle natural equilibrium 12.9% is a condition for 
uranium use of Table S-4; 

NUREG 1437 
concludes that 5% 
is bounded 

zircaloy Graphite . GraphiteZircaloy rods are a 
condition for use of 
Table S-4; 10 CFR 
50.44 allows use of 
ZIRLO) 



Gas-cooled Reactor Transportation Worksheet cont. 

Characteristic 
Average burnup MWdIMTU 

Unirradiated fuel 
unirradiated fuel transport 
mode 

# of shipments for initial core 
loading 

# of reload shipmentslyear 

Reference GT-MNR - PBMR 1 LWR 1 (4 Modules) I (8 Modules) I 

33,000 i 112,742 ) 133,000 Not exceeding 
33,000 is a 

i condition for use of 
Table S-4; NUREG 
1437 concludes 
62,000 MWdlMTU 
for peak rod is 
bounded 

truck truck truck shipment by truck is 
a condition for use 
of Table S-4 

1851 shipments (1 020' 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 elements per ' modules, 48,000 
truck) spheres per truck) 

shipments (520 3 shipments (48.000 30 MTU annual 
elements per reload ; fuel spheres per reload 
per ? .32 years x 4 J module x 8 modules, 

3 i 
B 



Gas-cooled Reactor Transportation Worksheet cont. 

Irradiated fuel 
irradiated fuel transport mode truck, rail or barge truck truck shipment by truck, 

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

decay time prior to shipment 150 days five years five years Not less than 90 
days is a condition 
for use of Table S- 
4; 5 years is per 
contract with DOE 

fission product inventory in Ci 6.19~10' 1.55~1 o6 1.78x10'~he value for the 
per MTU after 5 year decay LWR is for a 90 day 

decay time. 

Actinide inventory in Ci per 1 .42xl o5 2.33~1 o5 2.26~1 0 5 ~ h e  value for the 
MTU after 5 year decay LWR is for a 90 day 

decay time. 

Total radioactivity inventory 
in Ci per MTU after 5 year 
decay 

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

6.33~1 o6 1.78x108 2.01x10'~he value for the 
LWR is for a 90 day 
decay time. 

1 .13~10~ 2.50~1 o4 2.63~1 0 4 ~ h e  value for the 
LWR is for a 90 day 
decay time. 



Gas-cooled Reactor Transportation Worksheet cont. 

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 

2.71~1 o4 6.36~10" 3.91~1 0 3 ~ h e  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) 

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



Gas-cooled Reactor Transportation Worksheet cont. - 

Reference 
LWR 

(Single unit) 
(1 100 M We) 

radioactive waste 

GT-MHR 
(4 Modules) 

(2400 MWt total) 
(1140 MWe tojal) 

radioactive waste transport truck or rail 
mode 

truck truckshipment by truck 
i or rail is a condition 

_-- ,-' 
_cC - - 

- PBMR 
(8 Modules) 

(3200 MWt total) 
(1320 @We to%&) 

for use of Table S-4 

Comments 

I 
46 1 $1 I00  Cilyr; 98 9 (800 drums) assumed 90% of 

Iyr) 

the waste shipped 
at 1000 ft3 per 
truck, 10% at 200 
ft3 per truck 

# of rad waste shipments by 
truck 

73,000 governed by state governed by state current interstate 
and federal and federal gross vehicle limit is 
regulations regulations 80,000 lbs.(23 CFR 

658.1 7) 

1 I 0 0 

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 

less than I 
less than 3 

less than 1 
0 

less than I 
0 





Table 3.8-3 

Summary Table S-4-Environmental Impact of Transportation of Fuel a:d Waste To and From 
One Light-Water-Cooled Nuclear Power Reactor . . 

Normal Conditions of Transport 

Condition 
Value 

Heat (per irradiated fuel cask in transit) 
250,000 Btulhr. 

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 Doses to Exposed individualsz (per reactor year)3 
Cumulative Dose to Exposed Population (per reactor year)- 

Transportation workers 

0.01 to 300 millirem 
4 man-rem. 

General public: 

Onlookers 

0.003 to 1.3 millirem 
3 man-rem. 

Along Route 

0,0001 to 0.06 rnillirem 

Accidents in Transport 

Types of Effects 
Environmental Risk 

4=' 

Radiological effects 



Common (nonradiological) causes 
1 fatal injury in 100 reactor years; 1 nonfatal injury in 10 reactor years; $475 property damage per 

- 

reactor year. 
. 

' ~ a t a  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. I NUREG-751038 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 NTlS at a cost of $5.45 (microfiche, $2.25) 
and NUREG-75-038 is available at a cost of $3.25 (microfiche $2.25). 

 h he 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. 

3~an - 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 

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

4~though 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. 





The assessment of transportation accidents is provided in Section 3.8, Transportation of - . . 
Radioactive Materials. 





This section addresses the uranium fuel cycle environmental impacts and is divided . .  
into two main subsections. The first subsection addresses the light-water-cooled reactor 
(LWR) designs presently being considered. The second subsection addresses the gas- 
cooled reactor designs also being considered. This split addresses the regulatory 
distinction made in 10 CFR 5 1.51 for light-water-cooled reactors. 

10 CFR 5 1.5 1(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 Cycle Environmental 
Data, as the 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 materials and 
management of low level waste and high level wastes related to uranium fuel cycle 
activities to 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 analysis for 
the proposed facility." 

I Table S-3 of 10 CFR 51.51 is reproduced in its entirety herein as Table 5.7-3. Specific 
categories of natural-resource use included in the table relate to land use, water 
consumption and thermal effluents, radioactive releases, burial of transmanic and high- 
and low-level wastes, and radiation doses from transportation and occupational 
exposures. The contributions in the table for reprocessing, waste management, and 
transportation of wastes are maximized for either of the two fuel cycles (uranium only 
and no recycle); that is, the cycle that results in the greater impact is used. 

Descriptions of the environmental impact assessment of the uranium fuel cycle as related 
to the operation of light-water-cooled reactors are well documented by the USNRC. The 
environmental impact of a light-water-cooled reactor on the U.S. population from 
radioactive gaseous and liquid releases (including radon and technetium) due to the 
uranium fuel cycle is small when compared with the impact of natural background 
radiation. In addition, the nonradiological impacts of the uranium he1 cycle are 
acceptable. 

The light-water-cooled reactor technologies being considered are identified in Section 
1.1.3. These LWR designs include 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 light-water-cooled version of the CANDU Reactor). The standard 
configuration for each of these reactor technologies is as follows. The ABWR is a single 

4 unit, 4300 MWt, 1500 MWe reactor. The ESBWR is a similar BWR: single unit, 4000 
MWt, 1390 MWe. The AP-1000 is a single unit, 3400 MWt, 11 17-1 150 MWe 



pressurized water reactor. The IRIS is a three module pressurized water reactor 
7 configuration for a total of 3000 MWt and 1005 MWe. And the ACR-700 is a twin unit, 

3964 MWt, 1462 MWe, light-water-cooled CANDU reactor. 
" h 

These reactor technologies are all light-water-cooled nuclear power reactors with 
uranium dioxide fuel and therefore Table S-3 of paragraph (a) of 10 CFR 51 -51 with the 
current amendment (as given in 49 FR 938 1, March 12,1984 and 49 FR 10922, March 
23, 1984) provides the environmental effects from the uranium he1 cycle for these 
reactor technologies. 

5.7.2 Gas-cooled Reactors 

5.7.2.1 Introduction and Background 

This section provides an assessment of the environmental impacts of the fuel cycle, as 
related to the operation of the gas-cooled reactor technologies, based on a comparison of 
the key parameters that were used to generate the impacts listed in 10 CFR 5 1.51 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. Basically, the premise is that if less energy is 
needed, if fewer shipments are required, and if less material is involved in the process, 
then with all other things being equal, the overall impacts are less. 

f 
There are two gas-cooled reactor technologies being considered at this time. The GT- 
MHR is a four module, 2400 MWt, 1140 MWe reactor that operates at a unit capacity of 
88%. The PBMR is an eight module, 3200 MWt, 1320 MWe reactor operating at a 95% 
unit capacity. 

A key reference is NUREG- 1437, Generic Environmental Impact Statement for License 
Renewal of Nuclear Plants, May 1996, which provides a very detailed look at the impacts 
to the environment from the nuclear he1 cycle. The document also looks at the 
sensitivity of the changes to the nuclear fie1 cycle on the impacts to the environment. As 
these changes are much more representative of the current and future situation than what 
was considered in the WASH-1248 Environmental Survey of the Uranium Fuel Cycle 
report, the conclusions of NUREG-1 437 will be used in the following discussion. 

Table 5.7-1, "The Gas-Cooled Fuel Cycle Worksheet" was prepared to succinctly 
capture the major 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 demonstrate that the existingTable 
S-3 is appropriate for use by these technologies. The premise being that 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 values for the gas-cooled 
reactor technologies then the published impacts would also be greater and suitable for use 

d by the new reactor technologies. It is important to point out that even though we are 



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

" .  
The information to construct the worksheet was taken from 10 CFR 51.51 Table S-3 
"Uranium Fuel Cycle Environmental Data," WASH-1248 Environmental Survey of the 
Uranium Fuel Cycle, and Supplement 1 to WASH-1248 (also known as NUREG-0116) 
Environmental Survey of the Reprocessing and Waste Management Portions ofthe L WR 
Fuel Cycle. The "reference L W R  refers to 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 activities of the reference LWR fuel cycle that 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 decormnissioning, and transportation. 
Three comments pertinent to this analysis are: 1) the WASH-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 is not being 

i 
considered by any of the new reactor technologies and is not included in this analysis, 

. . and 3) the transportation impacts 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 the fuel cycle is less than the reference plant, then the transportation impacts are 
also less. Comparing only the number of shipments of material is appropriate since there 
is little if any radioactivity in the fuel cycle shipments considered by Table S-3. 

The main features of the major activities of the reference LWR fuel cycle that were 
identified as being the primary contributors to the health and environmental impacts are 
as follows. For the mining operation, annual ore supply is the major determinant of 
environmental and health impacts. Less ore will necessitate less energy, fewer emissions, 
less water usage, and less land disturbed. Secondarily, the mining technique can play a 
significant role in 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 (U3o8) production is the metric of interest. 
If a plant requires less U30s than the reference plant, then there will be less energy 
needed, fewer emissions, and less water usage. This is especially true if in situ leaching 
was used to obtain the ore, because the major milling steps of crushing and grinding are 
not required. 

1 For the uranium conversion process, annual uranium hexafluoride m6) production is the 
primary determinant of environmental impacts. If the new technology requires less UF6 



than the reference plant, then there will be less energy required, fewer emissions and less. 
water used. As with the mining step, the conversion process (wet versus dry) is also a 
consideration. However, NUREG 1437 states that in either case "the environmental 
releases are so small that changing from 100 percent use of one process to 100 percent of - - 
the other would make no significant difference in the totals given in Tables S-3 or S-4." 

For the enrichment operation, there are two quantities of interest. The first quantity is the 
separative work units (SWt i )  needed to enrich the fuel, and the second quantity is the 
amount of enriched UF6. The SWU is a measure of energy required to enrich the fuel. 
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 same technology is used to achieve the enrichment. 
As discussed in NUREG 1437, the centrifuge process uses 90 percent less energy than 
the gaseous diffusion process. Since the major environmental impacts for the entire fuel 
cycle are fiom the emissions fiom the fossil keled plants needed to supply the energy 
demands of the gaseous difhsion plant, this reduction in energy requirements results in a 
fuel cycle with much less environmental impact. With regard to the mount of enriched 
UF6 produced, the major effect would be the number of shipments. More UF6 would 
necessitate more shipments, while less UF6 would require fewer shipments. Slight 
increases or decreases would probably result in the same number of shipments. 

For the fuel fabrication process, the quantity of U02 produced is the value of interest. 

1 
This is really equivalent to the annual fuel loading in MTU, which will also be evaluated. 
Here again, the production of more UOz would require more energy, greater emissions, 
and increased water usage. New reactor technologies with an annual fuel loading less 
than the reference LWR plant would have less environmental impact, requiring less 
energy, fewer emissions and less water usage. 

The last activity to be addressed is radioactive waste management. There are two aspects 
of radioactive waste that are considered as part of Table S-3: operations and reactor 
decontamination and decommissioning (D&D). For these activities, curies (Ci) of low- 
level waste (LLW) from annual operations and Ci of LLW from reactor @&D) are the 
measures to consider. Curies by themselves are not a direct indicator of the potential 
environmental impacts. The radionuclide, its half-life and type of emission, and its 
physical and chemical form are the main contributors to risk. While we recognize this 
distinction, for this bounding analysis we will use curies as was done in the WASH-1 248. 
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 technologies is to start with the annual fuel loading in MTU for each 
of the reactor technologies. The other activities more accurately originate from the need 
for a certain amount of fuel. Using annual 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 is important to recognize that the plants being considered are a different 



size, have a different electrical rating and have a different capacity factor from the 
B reference LWR. The reference LWR is a 1000 MWe plant with a capacity factor of 80%. 

In order to make a proper comparison, we need to evaluate the activities based on the 
same criterion. In this case, electrical generation is the metric of choice. Electrical - .  
generation is why the plants are being built and we want to know if these new reactor 
technologies, for the same electrical output, have a greater or lesser impact on human 
health and environment. Based on this, the reactor technologies will be normalized to 
800 MWe using plant specific electrical rating and capacity factor. 

5.7.2.3 Analysis and Discussion 

5.7.2.3.1 Fuel Fabrication / Operations 

The reference LWR required 35 MTU on an annual basis. This is equivalent to 40 MT of 
enriched U02, the annual output needed from the fuel fabrication plant. In comparison, 
the normalized annual fuel needs for the new gas-cooled reactor technologies ranged 
from 4.3 MTU to 5.3 MTU, approximately 88% to 85% lower than the reference plant. 
Similarly, the annual output needed from the fuel fabrication plant range from a low of 
4.89 MT of UOz to 6.0 MT of U02, again approximately 88% to 85% lower than the 
reference plant. The specific breakdowns are shown on Table 5.7-1. One important 
distinction is that the fuel form for the gas-cooled reactors is also different. For the GT- 
MHR, the fuel is a two-phase mixture of enriched U02 AND UC2, usually referred to as 
UCO. For the PBMR the fuel kernel is U02. Both fuels are then TRISO coated. For the 
GT-MHR these TRISO fuel particles are blended and bonded together with a 
carbonaceous binder. These fuel compacts are then stacked within a graphite block. For 
the PMBR, the fuel unit is a 6 cm diameter graphite sphere containing approximately 
15000 fuel particles, 

Before concluding the potential impacts from the fuel fabrication process are less, the 
gas-cooled reactors require a different fuel fabrication process altogether. The TRISO 
coated fuel kernel is quite different from the U02 sintered fuel pellet and as such would 
require a different type of facility, Ideally, to ensure the environmental impacts of this 
change in fabrication process are bounded by the reference LWR fuel fabrication plant, a 
comparison of the land use, energy demand, effluents, etc., is in order. However, because 
there are no planned or currently operating plants in the United States, a direct 
comparison cannot be made at this time. Therefore, we have provided information on the 
reference fuel fabrication plant along with conceptual design information for a TNSO 
fabrication plant that was planned for the New Production Reactor and conceptual design 
information received from one of the gas-cooled reactor vendors. 

From WASH-1248, the reference LWR fuel fabrication plant produced fuel for 26 plants 
(-91 0 MTU), was located on a site of about 100 acres, required 5.2 million gallons of 
water per annual fuel requirement of 35 MTU, and required 1,700 MW-hours of 
electricity per 35 MTU. The WASH-1248 report also states that nearly all of the airborne 
chemical effluents resulted from the combustion of fossil fuels to produce electricity to 
operate the fabrication plant. These numbers represented a very small portion of the 



overall fuel cycle. For example, the electrical usage represented less than 0.5% of that . 

needed for the enrichment process, and the water use was less than 2% of the overall he1 
cycle. 

* .  

The fuel fabrication facility for the New Production Reactor was for a modular high 
temperature gas reactor (MHTGR) design and was sized for just one plant, so any 
comparisons with the much larger reference LWR fuel fabrication plant are problematic. 
The dimensions for the fuel fabrication building were 230 A x 150 R. The annual 
production was about 2 MTU. The plant required 960 kW of electrical power and 45 
liters per minute of water. Effluents consisted of 60 m3/yr of miscellaneous non- 
combustible solids and filters; 50 m3iyr of combustible solids; 50 m3/yr of process off-gas 
and HVAC filters; 2.0 m3/yr of tools and failed equipment; and process off-gases of 
900,000 m31yr. The process off-gases consisted of 74 % N2, 12% 02, 7.2% Ar, 6.4% 
C02, 0.2% COY and 0.02% CH3CC13. The activity associated with this off-gas: 0.01 pCi 
alpha/m3, and 0.01 pCi beta/m3. 

The information gathered fiom one of the current reactor vendors was for a plant 
producing 6.3 MTU, about 19% more than the annual reload of 5.3 1 MTU for its reactor. 
Again this plant was sized for just one reactor. This plant would require 10 MW of 
electrical power with an annual electrical usage of 35,000 MW-hr. The gaseous 
emissions consist of 80 MT of nitrogen, 52 MT of argon, 22.4 MT of CO, 22 MT of 
hydrogen and 3.7 MT of M2. The solid waste totals about 84 m3 of LLW, 3 m3 of 
intermediate level waste, and the remainder sanitarylindustrial wastes. The liquid 
processing system would generate an additional 3.8 m3 of LLW, would discharge about 
3700 m3 of low activity aqueous effluent, and would discharge about 45,000 m3 of 
industrial cooling water. 

Because of the differences in scale and the state of design of the facilities, it is not 
possible or appropriate to make a direct comparison of the impacts. Obviously, there are 
economies of scale and design improvements that will occur for a plant comparable in 
size to the reference plant. Regardless, the projected impacts of a TRISO fuel plant based 
on the two conceptual designs are not inconsistent with the reference plant and would be 
operated within existing air, water, and solid waste regulations, Further; like the impacts 
associated with the sintered U02 pellet plant, the impacts from a TRISO fuel plant would 
still be a minor contributor to the overall fuel cycle impacts. By characterizing the 
impacts as "not inconsistent," we mean that while certain parameters such as electrical 
usage for fuel fabrication might be higher for the gas-cooled plants on an annual fuel 
loading basis, the environmental impacts from the TRISO plants as conceptualized would 
still be bounded by the overall LWR fuel cycle impacts. 

5.7.2.3.2 Uranium Enrichment 

In order to produce the 40 MT of enriched U02 for the reference LWR, the enrichment 
plant needed to produce 52 MT of UF6, which required 127 MT of SWU. The 
normalized enriched UF6 needs for the new gas-cooled reactor technologies ranged fiom 
6.38 MT of UF6 to 7.9 MT of m6, approximately 88% to 85% lower. To produce these 



quantities of UF6 requires from 124 MT of S W U  to 163 MT of SWU, slightly lower to 
28% higher. The enrichment S W  calculation for the new reactor technologies was 
performed using the USEC SWU calculator and assumes a 0.30% tails assay, the same - 

value as for the NUN3G-0116 reference plant. Using this calculator for the reference . .  
LWR plant yielded 126 MT of SWU versus the N U E G  value of 127. This is very close 
indicating that this latest version of the USEC SWU calculator is appropriate for use in 
this computation. Table 5.7-2 "Gas-cooled Reactor SWU and Feed Calculation Results" 
gives the details of the computations. 

The 28% increase in the MTU of SWU would by itself indicate greater environmental 
impacts. However, a close look at the original WASH .I248 analysis shows that the 
environmental impacts are almost totally frorn the electrical generation needed for the 
gaseous diffusion process. These impacts result from the emissions from the electrical 
generation that is assumed to be from coal plants and from the associated water to cool 
the plants. Today, and in the fiture, the enrichment process is and will be different. A 
significant fraction of the enrichment services to US utilities today is provided fiom 
European facilities using centrifuge technology rather than the fifly-year-old gaseous 
diffusion technology. For the Euture, two private companies, United States Enrichment 
Corporation and Louisiana Energy Services, are planning to develop centrihge 
technology in the US. h fact, NRC has just recently accepted United States Enrichment 
Corporation's centrifuge license application for technical review, CentriEuge technology 
requires less than 10% of the energy needed for the gaseous diffision.process and as such 
the environmental impacts associated with the electrical generation will be 
correspondingly less. This tremendous reduction in energy and the associated 
environmental impacts more than offsets a 28% increase in SWU. 

5.7.2.3.3 Uranium Hexafluoride Production 

In order to provide the feed needed for the reference LWR to the enrichment plant, the 
uranium hexafluoride plant needed to produce 360 MT of m6. The normalized feed 
needed for the new gas-cooled reactor technologies, the output frorn the uranium 
hexafluoride plant, ranged from 241 to 303 MT of UF6, well below the reference plant. 
The feed calculations were performed using the USEC SWU calculator. Using this 
calculator for the reference LWR yielded 353 MT of UF6 versus the NUREG value of 
360. Again this value is very close ( ~ 2 % )  to the published value. 

5.7.2.3.4 Uranium Milling 

To produce the 360 MT of m6 for the reference LWR, 293 MT of yellowcake (U3O8) 
from the mill was required. The normalized new gas-cooled reactor technologies needs 
ranged from 193 MT of U308 to 243 U3O8, well below the reference plant. These 
yellowcake numbers were generated using the relationship 2.61285 lbs of U a 8  to 1 kg of 
m6. This conversion factor was obtained from ConverDyn. 

5.7.2.3.5 Uranium Mining 



The raw ore needed to produce the 293 MT of yellowcake w3o8) for the reference LWR . 

k was 272,000 MT. Now assuming a 0.1% ore body and a 90% recovery efficiency, the 
normalized new gas-cooled reactor technologies ore requirements ranged from 21 5,000 - h 

to 270.000 MT of ore, both below the reference plmt. Of note, the NUREG table value 
of 272,000 should be about 325,600 using the s&e assumptions. It is not clear why this 
number is different, but in any case, the gas-cooled reactor technologies are below the 
published reference plant value. 

Uranium mining completes the fi-ont end of the fuel cycle. However, there are two areas 
on the down stream cycle to be considered. These are the LLW generated by operations 
and the LLW generated as past of the D&D process. As mentioned earlier, spent fuel 
reprocessing is not germane to this analysis, and therefore, not discussed, 

5.7.2.3.6 Solid Low-Level Radioactive Waste - Onerations 

For the reference LWR, 10 CFR 5 1.5 1, Table S-3, Table of Uranium Fuel Cycle 
Environmental Data, states that there are 9,100 Ci of LLW generated annually from 
operations. The range of activity of LLW generated annually projected by the new gas- 
cooled reactor technologies is 65.4 Ci to 1,100 Ci, far below the reference LLW. This 
decrease would also suggest many fewer shipments to the disposal facility and less 
worker exposure. 

5.7.2.3.7 Solid Low-Level Radioactive Waste - Decontamination and Decornrnissioning 

10 CFR 51.5 1, Table S-3, states 1,500 Ci per Reactor Reference Year (FU3.y) "comes 
from reactor decontamination and decommissioning - buried at land burial facilities," 
Based on this small quantity and the modifying phrase "buried at land burial facilities" it 
is clear that only waste suitable for shallow land burial is being considered. At this time, 
only general conclusions can be drawn to indicate these gas-cooled 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 
less LLW. Improvements in fuel integrity and differences in fuel forrn as well as the use 
of the chemically and radiologically inert helium as the coolant are responsible for this 
reduction and also should contribute to both a lower level and less overall contamination 
to be managed during the D&D process. The plants higher thennal efficiency and higher 
fuel burnup would produce less heavy metal radioactive waste. Lastly, the plants are 
typically more compact than the reference LWR contributing to less D&D waste. Of 
note, the entry for the PBMR indicated approximately 15 times the RRY curie quantity of 
D&D waste. The main radionuclides identified for this waste are (20-60 and Fe-55 with 
half-lives of 5.26 years and 2.73 years respectively. Based on these half-lives, after about 
20 years the activity would be less than the reference LWR. 

5.7.2.4 Summary and Conclusion 

To recap, there are only two instances where any part of the uranium fuel cycle idmight 
be exceeded by the new gas-cooled reactor technologies. These fuel cycle steps are 



enrichment, a 28% increase and possibly D&D. As discussed above, the enrichment 
requirement for SWU, while slightly larger, can be conducted in a muoh more 
environmentally benign manner, centrifuge versus gaseous diffbion, from current 
overseas sources or expected new domestic facilities. The net effect will be that the - I 

environmental and health impacts will be less than those identified in Table S-3. The 
second area, decontamination and decommissioning, is a minor contributor to the fuel 
cycle impacts. A slight increase in the D&D step is more than offset by the significant 
decreases in the impacts due to reduction in fuel needs and changes in the enrichment 
process and mining technique. 

In conclusion, this detailed comparison of the underpinnings of Table S-3 show 
qualitatively that the existing WASH-1248 environmental and health effects are still 
conservative and appropriate for use by these new gas-cooled reactor technologies. 
Collectively, improvements in both past practices as well as changes in technology have 
resulted in a fuel cycle with lower environmental impact, 

As indicated in Section 1.1.3, the selection of a reactor design to be used for the ESP 
Facility is still under consideration. Selection of a reactor to be used at the ESP Site may 
not be limited to those considered above. However, the methodology utilized above is 
appropriate to evaluate the.fina1 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 withid the acceptable £be1 cycle environmental impacts considered for 
this ESP. 

References: 

10 CFR 5 1.5 1, 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 also known as NUREG-0116 Environmental Survey of the 
Reprocessing and Waste Management Portions of the LWR Fuel Cycle, October 1976 
EGG-NPR-8522, Rev. B NPR-MHTGR Generic Reactor Plant Description and Source 
Terms, March 1991 



Reactor 
Technology 

FacilitylActivity 

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

Milling Operations I 
Annual yellowcake MT 
Normalized annual yellowcake MT 
fraction of reference LWR 
Calculated number 

]OF, Production I 
Annual UF, MT 

Narrnalized annual UF6 MT 
fraction of reference LWR 
Calculated number 

Table 5.7-1 Gas-cooled Fuel Cycle Worksheet 

PBMR 
(8 Modules) 

(3200 MWt total) 
(1320 MWe total) 

95% Capacity 



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 

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

Reactor 
Technology 

Enriched U02 MI 

Normalized enriched U 0 2  MT 
fraction of reference LWR 
Calculated number 
Annual Fuel Loading 
MTU 
Normalized annual fuel 
loading MTU 
fraction of reference LWR 





Yellow indicates a value 
larger than Table S-3 

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

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 reference reactor (mining, milling, UF6, enrichment, fuel fabrication vaiues) taken from NUREG-01 16, Table 3.2, 
no recycling 
The information on the reference reactor (solid radioactive waste) taken from lOCFR51.51, Table S-3 
The calculated information on the reference reactor 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 UF6. 

The annual yellowcake number was generated using the relationship 2.61285 Ibs of U3O8 to 1 kg U of UF,; 1 .I85 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. 



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

Reactor Kgs Weight SWU Kgs of U Tails 
Technology Uranium Percent Quantity Feed Assay 

Product U235 Required 

GT-MHR 5,394 19.80% 204373 2559 1 8 0.30% 

PBMR 8,340 12.90% 194414 255679 0.30% 

NUREG 01 16 35,000 3.10% 126,175 238,455 0.30% 

WASH 1248 35,000 3.20% -147,280 223,965 0.25% 

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



Table 5.7-3, 10 CFR 51.51 Table S-3- of Uranium Fuel Cycle nvironmental ~ a t a l  

[Normalized to model LWR annual fuel requirement WASH-12481 or reference reactor year - 
[NUREG-01 1611 - .  

[See Footnotes at end of this table] 
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[49 FR 9381, Mar. 12, 1984; 49 FR 10922, Mar. 23, 19841 

' 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 cycie or estimates of Technetium89 released from waste 
management or reprocessing activities. 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-01 16 (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 management and 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 contributions to temporarily committed land from reprocessing are not prorated over 30 
years, since the complete temporary impact accrues regardless of whether the piant services one 
reactor for one year or 57 reactors for 30 years. 

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

1.2 percent from natural gas use and process. 
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The following list gives the 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 
IRSS 
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 C A W U  Reactor 
Atomic Energy of Canada, Limited 
Advanced Passive Pressurized Water Reactor 
Boiling Water Reactor 
Canada Deuterium Uranium 
Code of Federal Regulations 
Decontamination and Decommissioning 
U. S. Department of Energy 
DOE Office of Nuclear Energy, Science and Technology 

' 

U. S. Department of Transportation 
Economic Simplified Boiling Water Reactor 
Early Site Permit 
Federal Register 
Gas Turbine-Modular Helium Reactor 
Idaho National Engineering and Environmental Laboratory 
International Reactor Innovative and Secure 
in situ leaching 
kilowatt 
Low Enriched Uranium 
Low-level Radioactive Waste 
Light Water Reactor 
Metric Ton 
Metric Ton Uranium 
Megawatt days 
Megawatt electric 
Megawatt thermal 
Nuclear Energy Institute 
Nuclear Regulatory Commission 
Nuclear Regulatory Commission Regulation 
Pebble Bed Modular Reactor 
Pressurized Water Reactor 
Reactor Reference Year 
NRC Office of the Secretary 
Separative Work Unit 
Fuel kemal coating - three layers of pyrolytic carbon, one layer of silicon 
carbide 
uranium oxycarbide 
United States Enrichment Corporation 



This bibliography is by no means a complete record of all the works and sources that 
were consulted. The list is provided to identify the major documents and to facilitate 
referencing them in the future. 



* 
WASH Reports 

WASH-1 23 8 ENVIRONMENTAL SURVEY OF TRANSPORTATION OF 
RADIOACTIVE MATERIALS TO AND FROM NUCLEAR POWER PLANTS, 
December 1972 

Supplement 1 to WASH-1238 (NUREG-751038) ENVIRONMENTAL SURVEY OF 
TRANSPORTATION OF RADIOACTIVE MATERIALS TO AND FROM NUCLEAR 
POWER PLANTS, April 1975 

WASH-1248 Environmental Survey of the Uranium Fuel Cvcle, April 1974 

Supplement 1 to WASH-1248 (NUREG-01 16) ENVIRONMENTAL SURVEY OF THE 
REPROCESSNG AND WASTE MANAGEMENT PORTIONS OF THE LWR FUEL 
CYCLE, October 1976 

Supplement 2 to WASH-1248 (NUREG-0216) Environmental Survey of the 
Reprocessing and Waste Management Portions of the LWR Fuel Cvcle, March 1977 

SECY Policy Infomation 

SECY-01-0188, Future Licensing and Inspection Readiness Assessment, October 12, 
2001 

SECY-01-0207, Legal and Financial Issues related to Exelon's Pebble Bed Modular 
Reactor (PBMR), November 20,2001 

SECY-02-0059, Use of Design Acceptance Criteria for the APlOOO Standard Plant 
Design, April 1,2002 

SECY-02-0077, Proposed Rule to Update 10 CFR Part 52, "Early Site Permits, Standard 
Design Certifications, and Combined Licenses for Nuclear Power Plants" May 8,2002 

Code of Federal Regulations 

10CFR50.44, Standards for combustible gas control system in light-water-cooled power 
reactors 

10CFR5 1. Environmental Protection Regulations for Domestic Licensing and Related 
Regulatory Functions, 02/04/2002 



I OCFRS 1.22, Criterion for categorical exclusion; identification of licensing and 
regulatory actions eligible for categorical exclusion or otherwise not requiring 
environmental review 

1 OCFR5 1.5 1, Table S-3 Uranium Fuel Cycle Environmental Data 

1 OCFR5 1 5 2 ,  Table S-4 Environmental Impact of Transportation of Fuel and Waste 

10CFR52, Early Site Permits; Standard Design Certifications; and Combined Licenses 
for Nuclear Power Plants; Subpart A - Early Site Pennits 

1OCFR61, Licensing Requirements for Land Disposal of Radioactive Waste, Subpart D - 
Technical Requirements for Land Disposal Facilities 

1 OCFR.7 I, Packaging and Transportation of Radioactive Material 

49CFR173, Shippers - General Requirements for Shipments and Packagings 

49CFR178, Specifications for Packagings 

NUREG-75/03 8 (Supplement 1 to WASH-123 8) ENVIRONMENTAL SURVEY OF 
TRANSPORTATION OF RADIOACTIVE MATERIALS TO AND FROM NUCLEAR 
POWER PLANTS, April 1975 

NUREG-0058, Revision 1, Revised Draft Environmental Statement related to the 
construction of Atlantic Generating Station Units 1 and 2, October 1976 

NUREG-0099, Regulatory Guide 4.2, Revision 2 Preparation of Environmental Reports 
for Nuclear Power Stations, July 1976 

NUREG-01 16 (Supplement 1 to WASH-1248) ENVIRONMENTAL SURVEY OF THE 
REPROCESSING AND WASTE MANAGEMENT PORTIONS OF THE LWR FUEL 
CYCLE, October 1976 

NUREG-0170 Final Environmental Impact Statement on the Transportation of 
Radioactive Material by Air and Other Modes, Vols. 1 and 2, December 1977 

NUREG-02 16 Supplement 2 to WASH- 1248, Environmental S w e v  of the Reprocessing 
and Waste Management Portions of the LWR Fuel Cvcle, March 1977 

NUREG-0586 Final Generic Environmental Impact Statement on Decommissioning of 
Nuclear Facilities, August 1988 



NUREG-0586 Draft Supplement 1 Generic Environmental Impact Statement on 
Decommissioning of Nuclear Facilities, Draft Supplement DeaIing with 
Decommissioning of Nuclear Power Reactors, October 2001 

?AUREG-1437 Generic Environmental Impact Statement for License Renewal of Nuclear 
Plants, Vo'lwnes 1 & 2, May 1996 

NUREG-1437, Volume 1, Addendum 1, Generic Environmental Smpact Statement for 
License Renewal of Nuclear Plants, Main Report, Section 6.3 Transportation, Table 9.1 
Summary of findings on NEPA issues for license renewal of nuclear power plants, 
August 1999 

NUREG-1 437, Supplement 1, Generic Environmental Impact Statement for License 
Renewal of Nuclear Plants, Calvert Cliffs Nuclear Plant, Draft Report for Comment, 
February 1999 

NUREG-1555 Standard Review Plans for Environmental Reviews for Nuclear Power 
Plants, October 1999 

NUREG- 16 17 Standard Review Plan for Transportation Packages for Spent Nuclear 
Fuel March 2000 -7 

NUREG- 1714 Final Environmental Impact Statement for the ~onstructi'on and Operation 
of an Independent Spent Fuel Storage Installation on the Reservation of the Skull Valley 
Band of Goshute Indians and the Related Transportation Facilitv in Tooele County, Utah, 
December 2001 

NUREG/BR-0111 Transporting Spent Fuel: Protection Provided Against Severe 
Highway and Railroad Accidents, March 1987 

NUREG/BR-0291 Reactor License Renewal, May 2002 

NUREG/CR-0130 Technology, Safety and Costs of Decommissioning a Reference 
Pressurized Water Reactor Power Station, Volumes 1 & 2, June 1978 

?-4UREG/CR-0130, Addendum 4, Technology, Safety and Costs of Decommissioning a 
Reference Pressurized Water Reactor Power Station Technical Support for 
Decommissioning Matters Related to Preparation of the Final Decomissioning Rule, 
July 1988 

IXJREGICR-0672 Technolonv, Safety and Costs of Decommissioning a Reference 
Boiling Water Reactor Power Station, Volumes 1 & 2, June 1980 

NUREGICR-0672 Addendum 1 Technology, Safety and Costs of Decomrnissionine: a 
Reference Boiling Water Reactor Power Station, Effects on Decommissioning of Interim 
Inability to Dispose of Waste Offsite, July 1983 



NUREGICR-0672 Addendum 3 Technolony, Safety and Costs of Decommissioning a 
Reference Boiling Water Reactor Power Station, Technical Support for 
Decommissioning Matters Related to the Preparation of the Final Decommissioning 
Rule, July 1988 

NUREGKR-0672 Addendum 4 Technology. Safetv and Costs of Decommissioning a 
Reference Boiling Water Reactor Power Station, Comparison of Two Decommissioning 
Cost Estimates Developed for the Same Commercial Nuclear Reactor Power Station, 
December 1990 

NUREGICR-4829 Shipping Container Response to Severe Highway and Railway 
Accident Conditions, Volumes 1 & 2, February 1987 

NUREGICR-5009 Assessment of the Use of Extended Burnup Fuel in Light Water 
Power Reactors, February 1988 

NUREGKR-6672 Reexamination of Spent Fuel Shipment Risk Estimates, March 2000 

NlJREG/CR-6700 Nuclide Importance to Criticalitv Safetv, Decay Heating, and Source 
Terms Related to Transport and Interim Storage of Hiah-Burnup LWR Fuel, January 
200 1 

NUREG/CR-6703 Environmental Effects of Extending Fuel Burnup Above 60 
Gwd/MTU, January 2001 

N U R E G ~ C R - ~ ~ ~ ~  Spent Nuclear Fuel Transportation Package Performance Study Issues 
Report, January 200 1 

Docket RM-50-3 Final rulemaking - pertain in^ to Uranium Fuel Cycle Impacts from Spent 
Fuel Reprocessing and Radioactive Waste Management 

Docket No. 50-400,53 FR 30355 NRC Assessment of the Environmental Effects of 
Transportation Resulting From Extended Fuel Enrichment and Irradiation, August 1 I, 
1988, and 53 FR 32322, August 24,1988 

Regulatory Guides 

Regulatory Guide 1.184 Decornrnissionine of Nuclear Power Plants, July 2000 

Regulatory Guide 4.2, Revision 2 Preparation of Environmental Reports for Nuclear 
Power Stations, July 1976 



Regulatory Guide 4.2S1- Supplement 1 to Regulatory Guide 4.2 Preparation of 
Supplemental Environmental Reports for Applications to Renew Nuclear Power Plant 
Operating Licenses, September 2000 . % 

Oak Ridge National Laboratory Reports 

ORWTM-12090, INTERLINE 5.0 - An Exoanded Railroad Routing Model: Program 
Description, Methodology, and Revised User's Manual, Johnson, P.E. et al. March 1993 

O W T M - 1 2 1 2 4  HIGHWAY 3.1 - An Enhanced Hi~hwav Routine Model: Proaam 
Description. Methodology. and Revised User's Manual, Johnson, P.E., et al. 1993, - don't 
have 

Sandia Reports 

SAND2000-1257, RADTRAN 5 User Guide May 2000 

SAND2000-1256, R A D T W  5 Technical Manual May 2000 

Association of American Railroad Reports 

Performance Standard for Spent Nuclear Fuel Trains- Association of American Railroads 
- don't have 

POGO Reports 

Nuclear Power Plant Security: Voices eom Inside the Fences Se~ternber 12.2002, 
hm://www.poeo.ore~nvironmenVeo-02090 1 -nukertower.htd 

Environmental Reports 

FORT ST. VRAIN NUCLEAR GENERATING STATION APPLICANT'S 
ENVIRONMENTAL REPORT OPERATING LICENSE STAGE 

Yucca Mountain Information 

Spent Nuclear Fuel Transportation, htm://ww.vm~.~ovinew/snf trans.pdf 



DOE/EIS-0250 Final Environmental Impact Statement for a GeoloFzic Repository for the 
Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, 
Nye County, Nevada, February 2002 - 
htta:l/www.vm~.povldocumentslfeis a/index.htm 

Chapter 6 Environmental Impacts of Transrsortation describes potential impacts of 
transportation activities nationally and in Nevada on the transportation-related affected 
environment 
Appendix 5 Transportation provides the basis for potential impacts related to national and 
Nevada transportation, as discussed in Chapter 6. 
Appendix M Supplemental Transportation Information in response to public comments, 
this appendix provides general information not specifically related to the transportation 
analysis considered in Chapter 6 and Appendix J. 

Early Site Permit Task Force Documents 

Renulatorv Issues Related to the Pebble Bed Modular Reactor (PBMR), letter to Mr. 
Thomas L. King NRR from James A. Muntz, Exelon dated May 10,2001 

Whether Tables S-3 and S-4 Amly to Non-Light Water Reactors (In Particular, to the 
PBMR)?, letter from E. Neij Jensen, Senior Attorney, Rulemaking & Fuel Cycle Division 
to Joseph Gray, Associate General Counsel for Licensing & Regulation dated August 29, 
200 1 

Pebble Bed Modular Reactor Preapplication Review - Outcomes Ex~ected, letter from 
Thomas L. King, Director, Division of Systems Analysis and Regulatory Effectiveness, 
Office of Nuclear Regulatory Research to James Muntz, Vice President Nuclear 
Products, Exelon Generation dated September 26,2001 

Response to NRC letter date September 26,2001 Regarding the Pebble Bed Modular 
Reactor Technical Information Availability, letter from James A. Muntz, Vice President, 
Nuclear Projects, Exelon Generation, to U.S. Nuclear Regulatory Commission dated 
November 15,2001 

Pebble Bed Modular Reactor Pre-Application Review Issues lnvolvin~ Fuel Cycle, 
_Transportation and Waste, letter from Farouk Eltawila, Director, Division of Systems 
Analysis and Regulatory Effectiveness, Office of Nuclear Regulatory Research to Kevin 
Borton, Licensing Manager, Exelon Generation, dated April 2,2002 

Submittal of the Pebble Bed Modular Reactor Pty. Document Number 010520-425, 
Revision 2, "Pebble Bed Modular Reactor Nuclear Fuel", letter from Marilyn C. Kray 
Vice President, Special Projects, Exelon Generation to US.  Nuclear Regulatory 
Commission dated May 24,2002 



, letter from Ronald L. Simard, NEI to 
t- James E. Lyons, Director, New Reactor Licensing Project Office, USNRC dated June 17, 

2002 
. . 

Submittal of Pebble Bed Modular Reactor US Pre-application Review Activities 
Summarv, letter from Kevin F. Borton, Manager, Licensing, Exelon Generation to U.S. 
NRC dated July 22,2002 

The Technolo~y and Design of New Nuclear Power Reactors, power point slides, 
Spencer Semmes, Dominion received 10/1/2002 

I 

GT-MHR Plant Parameter Envelope Supporting Earlv Site Permitting, PC-000507, 
Revision 0, April 2003 

Court Cases 

, United States Nuclear Regulatorv Commission and the United States of America, 
Petitioners V. Natural Resources Defense Council, Inc.. et al. No. 82-545 in the Supreme 
Court of the United States, October Term 1982. At issue are the values in Table S-3 that 
represent radioactive effluents associated with the management and disposal of wastes 
produced mua l ly  by a typical light water reactor. 

DOE Documents 

A Roadmap to Deploy New Nuclear Power Plants in the United States bv 2010, October 
31,2001 

Uranium Industry Annual 200 1, DOEEIA-0478 (2001), May 2002 

Decommissionina of US.  Uranium Production Facilities, DOEEIA-0592, February 1995 

OECD Documents 

Uranium 2001: Resources, Production and Demand, 2002, ISBN 92-64-19823-7 

Environmental Remediation of Uranium Production Facilities, 2002 
ISBN 92-64- 195 09-2 

Trends in the Nuclear Fuel Cycle, 2001, ISBN 92-64-19664-2 



JAI Corporation 

ship pin^ and Storage Cask Data For Commercial Spent Nuclear Fuel, JAI-421, 1996 
. . 

DOT Documents 

Traffic Safetv Facts 2001: A Compilation of Motor Vehicle Crash Data fiom the Fatality 
Analysis Reporting System and the General Estimates System, DOT HS 809 484, 
National Highway Traffic Safety Administration, December 2002 
http://www-nrd.nhtsa.dot.~ov/pdfinrd-30~CSNTSFAnn/TSF2001 .pdf 

Maine Yankee Documents 

Maine Yankee License Termination Plan Section 8 Sup~lement to the Environmental 
Report, Revision 3 October 15,2002 

NRC Documents 

An Updated View of Spent,Fuel Transportation Risk: (Discussion Draft), A Summary 
Paper for Public Meetings, Office of Nuclear Material Safety and Safeguards, U.S. 

\ 
Nuclear Regulatory Commission 

1 

INEEL Documents 

NPR-MHTGR Generic Reactor Plant Description and Source Terms, EGG-NPR-8522, 
Revision B, March 1991 



This list identifies the contact information for the major people that were contacted or 
who participated in some capacity for this project. 



U SITE PERMIT CONTACT LIST 

EIIen Anderson, NEI, 292 739-8117; 

Tony Banks, Dominion, 804.273-2170; 

J, Alan Beard, AB 
GE Nuclear Energy 
13113 Chestnut Oak Drive 
Darnestown, MD 20878 
James.beard(ii),,eene.Ge.com 
Work Phone (301) 208-1460 or (408) 925-3524 
Cell Phone (301) 461-3497 

George Beck, Parsons (for Exelon); 610 855-2243; George.Beck@,parsons.com 

Russ Bell, NET, 202 739-8087; cell phone 301 661-8203; rib@nei.org 

Mike Bourgeois 
Entergy Nuclear Potomac, Inc. 
1340 Echelon Parkway .. 
Jackson, MS. 39213 
mail unit M-ECH-683 
rnbourge@,entergv.com 

Mike Cambria, Parsons; 610 855-2049; michael.cambria~,parsons.com 

Mario D. Carelli, IRIS 
Chief Scientist & Manager of Energy Systems 
Science & Technology Department 
Westinghouse Electric Company 
401 Building 
1344 Beulah Road 
Pittsburgh, PA 15235-5083 
care l lmd~,west in~ouse .com 

Guy Gesare, Enercon Services, fnc; gcesare@,enercon.com 

Roy Challberg, ESBWR 
GE Nuclear Energy 
Advanced Reactor Projects 
(408) 925-3317 
rov.chaIlberg@gene.ge.com 

Larry Conway, Westinghouse, I N S  412 256-1189; conwavle@,,westinPhouse.com 



Stefan S. Doerffer 
Senior Project Engineer 
Atomic Energy of Canada Limited 
Advanced Reactor Technology Development 
Phone (905) 823-9060 ext. 4806 

office SP4F1.41-006 

Carol English, INEEL PCE, 526-9234; cci@,inel.gov 

R. W. (Bob) Evans, Enercon Services, Inc.; 301 972-5221; bevans@,enercon.com 

Eddie Grant 
Exelon Generation Company, LLC 
WS KSA 3-E 
200 Exelon Way 
Kennett Square, PA 19348 
61 0-765-5001 
eddie.grant@,exeloncora.com 

Excel Services 
11921 Rockville Pike, Suite 100 
Rockville, MD 20852 
Phone 301 984-4400 

Exelon Generation 
200 Exelon Way 
KSA3-N 
Kennett Square, PA 19348 
Telephone 610 765-5661 
Website http://www.exeloncorp.com 

Joe Hegner, Dominion, 804 273-2770 Joseph Hegner(i?),dom.com 

Wayne Hickerson 
Bechtel Power Corporation 
5275 Westview Drive 
Frederick, MD 21703-8306 
BP4-IBfl 
301-228-6505 
301-360-0237 (fax) 
wthicker~,bechtel.com ,, Kristie Hicks 



Idaho Falls, ID 83402 
208.552.7310 main 

Tom Hill, INEEL PI, 526-171 1; 

Scott Hyman, Dominion, Fuel Group 804 273-3200 

Ronaldo Jenkins, NRC, N ; 301 415-2985; 

Amy Lientz, CH2M Hill, alientzO,ch2m.com 

Joan Baldwin Lowber, Bechtel - Frederick 
North Anna ESP Project Administrator phone 301-228-6211; j1owber~bechtel.com 
7215 Corporate Court 
F6 1A7 
Frederick, MD 21703 

Maurice Magugumela .. 
Licensing Manager, U.S. Liaison 
PBMR (pty) Ltd 
P.O. Box 9396 
Lake Buena Vista Building 
Centurion 0046 South Africa 
Office: 4-27 12 677 9429 
Cell: +27 82 551 1674 

William D. Maher, Exelon Corp., William.Maher@,exeloncorp.com 

Travis Mitchell, INEEL PCE, 526-3864; mitctr@,inel.eov 

Ken Moor, INEEL, 526-8810; ksm@,inel.gov 

Marvin Morris, Omega Technical Services; 479 967-2307; otsi@,cox-internet.com 

Thomas P. Mundy 
Exelon Generation Company, LLC 
MIS KSA 3-E 
200 Exelon Way 
Kennett Square, PA 19348 
610 765-5662 
thomas.mundvi~,exeIoncorp.com 



S, Robert L. Nitschke, INEEL 
P.O. Box 162 
Idaho Falls, ID 83415-2209 
Phone 208 526-1463 
e-mail 

Nuclear Energy Institute (NEI) 
1776 I Street, NW, Suite 400 

ashington, D.C. 20006-3708 
202 739-8000 

Nuclear Regulatory Commission 
One White Flint North 
11 545 Rockville Pike 
Rockville, MD 20852 

Laurence L. Parme 
Manager: GT-MHR Safety and Licensing 
General Atomics Co. 
P.O. Box 85608 
San Diego, CA 92186-560.8 
858 455-2518 fax 858 455-2469 

Parsons Energy and Chemicals 
2675 Morgantown Road 
Reading, PA 19607 

Atambir Rao 
GE Nuclear Energy 
ESBWR Project Manager 
(408) 925-1885 

Jolene Robinson, DOE-ID Project Manager, 526-2176; robinsik@,id.doe.gov 

Stephen Routh 
Bechteli Power Corporation 
5275 Westview Drive 
Frederick, MD 21703 
301 228-6245 
sdrouth@,bechtkl.com 

Hill, 406-276-3282; 208 521-2669 cell phone; 



Spencer W. Semmes, P.E. 
Lead Engineer, Technology 
Early Site Permitting Project 
Dominion Resources Services, Inc. 
5000 Dominion Boulevard 
Glen Allen, VA 23060 
804 273-4182 

Ron Simard, NEI, 202 739-8128; ris@,nei.orc 

B. P. Singh, DOE HQ, NE-20; 301 903-3741; 

Marvin Smith 
Dominion 
5000 Dominion Blvd. 
Glen Allen, VA 23060 
804 273-2244 
Marvin Smith@dom.com 

Mike Soulard 
Manager, Customer Studies 
Advanced Reactor Technology Department 
Atomic Energy Canada, Ltd. 
2251 Speakman Drive 
Mississaugua, Ontario L5K 1B2 Canada 
ACR-700 
s_oulardmo_a_ecI,ca 

Finis Southworth 526-8150; 208 390-9877 cell phone; fin@,inel.gov 

Kyle Turner 303 670-8797; kvieturn@,att.net 

John Vinson, NEI, transportation guru 

James W, Winters 
Manager, Passive Plant Projects 
Westinghouse Electric Corporation 
P.O. Box 355 
Pittsburgh, PA 15230-0355 
AP-1000 
winteriw@westinghouse.con 



George Alan Zinke 
Project Manager 
Nuclear Business 
Entergy Suclear Potornac, Inc. 
1340 Echelon Parkway 
Jackson, MS 39213 



This section provides copies of the three slide presentations that were given to the NRC 
on September 25,2002; December 5,2002; and January 29, 2003. 
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The following section is divided into seven subsections for the seven reactor technologies 
that were considered. The seven sections are the ABT;IIR, ESBWR, AP-.lOOO,.TRIS, 
ACR-700, GT-MKR and the PBMR. Along with the vendor data submittals are 
subsequent e-mail discussions that modified some of the original supplied data. 







"Beard, James A. (PS, 
BE)', 
<james.beard@gene.G 
E.com> 

To: "Beard, James A. (PSI NE)" .cjames.beard@gene.GE.com>, 
rln@inel.gov 

cc: "Carnbria, Michael (Parsons)" <Michael.Cambria@parsons.com>, 
"Smith, Marvin (Dominion)" <Marvin-Smith@dom,com>, "Semmes, 
Spencer (Dominion)" ~Spencer~Semmes@dom.com~, "Atambir S. 
Rao (PS, NE) (E-mail)" ~atamblr.rao@gene.GE.com> 

Fax to: . , 

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

All : 

Let me try again with the information in,an attached file and not as an 
ernbeeded object . Z 

Alan 

<<5 year decay heatedoc>> 

> Original Message----- 
> From: Beard, James A. (PS,  NE) 
> Sent: Thursday, February 13, 2003 q:27 AM 
> To: 'rln@inel.gov' 
> Cc: 'Cambria, Michael (Parsons) ' ; 'Smith, Marvin (Dominion) ' ; 
' Semmes, 
Spencer (Dominion) ' 
Subject: ABWR Decay Heat Loads for 5 year Old Fuel 

Robert : 

Please revise the infomation regarding decay heat of 5 year old fuel that 
we provided previously with the information below. 

Let me know if you have any furhter questions. 

g GE NUCLEP~ ENERGY 

J. Alan Beard 

program Manager 
James.Beard@gene.ge.com 
Work Phone (301) 208-1460 or (408) 925-3524 
Cell Phone (301) 461-3497 

<< OLE Object: Device Independent Bitrnap >> 

TP 
5 year decay heat.d 





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

To: rln@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 from the reactor. Let me know if you have any 
> questions or concerns. 
> 
> Alan 
> 
> 
> 
> <<CoreInventory.doc>> 
> 
> Provide estimates of the spent fuel inventories and radioactivity, in Ci 
> per MTU, after 5 years of decay 
> Fission product inventory 
> Actinide inventory 
> Total radioactivity 
> krypton-85 inventory 
> 
> The reactor type is an ABWR at a power level of 4300 MWt 
> The fuel type is GE 1 4  with the following characteristics. 
> 
> Initial Reload 1 Reload 2 'to Eq. 
> Core 
> Core Size, number of bundles 8 7 2 8 7 2 8 7 2  
> Core Thermal Power, MWth 4300 4300 4 3 0 0  
> Operating Cycle Length, days 605 605  605  
> Operating Capacity Factor, % 1 0 0  1 0  0 1 0 0  
> Refueling Outage Duration, days 3 0 3 0 3 0 
> Refueling Interval, months 2 1 2 1 2 1 
> Loaded Batch Size 872 240 3 1 6  
> Batch Average Enrichment, w/o U235 3 . 5  4 . 5  

> Average Bundle Mass, KgU 1 8  0 18  0 1 8  0 
> Batch Average Burnup, GWd/MT 3 6 4 6 4 6 
> 
> 



Activation 
Isotope 
Ag-109m 
Ar-37 
Ar-39 
C-14 
Ca-41 
Ca-45 
Cd-109 
Cd-115m 
CI-36 
CO-58 
Co-60 
Cr-54 
Eu-152 
Eu-154 
Eu-155 
Fe-55 
Fe-59 
Gd-153 
H-3 
Hf-175 
Hf-181 
Ho-166m 
In-113m 
In-114 
In-114m 
Ir-192 
K-42 
Lu-177 
LLI-177m 
Mn-54 
Mo-93 
Nb-93m 
N b-94 
Nb-95 
Nb-95m 
N i-59 
Ni-63 
P-32 
Re-188 
Ru-103 
S-35 
Sb-124 
Sb-125 

Products 
Curie/MTU 

7.76E-04 
5.48E-16 
3.42E-04 
7.70E-01 
1.18E-03 
8.65E-04 
7.76E-04 
1.12E-13 
1.86E-02 
7.49E-05 

2.73E+03, 
5.28E-16 
1.08E-03 

1.53E+02 
7.14E+01 
3.35E+03 
4.32E-10 

2.26E+01 
5.24E-04 
3.05E-07 
1.08E-10 
2.39E-02' 
1.95E-02 
1.63E-09 
1.70E-09 
8.59E-08 
1.63E-12 
9.04E-07 
3.93E-06 

3.46E+01 
1.95E-02 
1.98E-01 
1.76E-01 
4.55E-04 
1.52E-06 

2.59E+00 
4.20E-t-02 
2.89E-08 
9,56E-08 
8.38E-16 
1.84E-05 
2.93E-08 

9.16E+02 

Five Year Decay Inventory, GE Fuel 

Actinides + Daughters 
Isotope Curie/MTU 
Am-241 1.34E+03 
Am-242 3.32€+01 
Am-242m 3.34E-I-01 
Am-243 3.24E-t-01 
Am-245 2.50E-09 
Bi-212 4.49E-02 
Bk-249 1.72E-04 
Cm-241 1.01E-17 
Cm-242 5.51E+01 
Cm-243 3.69E+Ol 

A Cm-244 4.86E+03 
Cm-245 6.56E-01 
Cm-246 1.41E-01 
Np-235 5.01E-04 
Np-237 6.16E-01 
Np-238 1.67E-01 
Np-239 3.24€+01 
Np-240m 9.23E-07 

.. Pa-233 6.1 6E-01 
Pa-234m 3.13E-01 
Pb-212 4.49E-02 ' 

PO-212 2.88E-02 
PO-216 4.49E-02 
Pu-236 3.56E-01 
Pu-237 4.37E-12 
Pu-238 6.14E+03 
Pu-239 3.87Et-02 
Pu-240 6.15E+02 
Pu-241 1.22E-t-05 
Pu-242 2.24Et-00 
Pu-243 5.85E-07 
Ra-224 4.49E-02 
Rn-220 4.495-02 
Th-228 4.49E-02 
Th-23 1 2.20E-02 
Th-234 3.13E-01 
TI-208 1.61E-02 
U-232 6.00E-02 
U-234 1.47Et00 
U-235 2.20E-02 
U-236 3,77E-01 
U-237 3,00E+00 
U-238 3.13E-01 

Fission Products 
Isotope Curie/MTU . 
Ag-108 3.44E-06 - 
Ag-109m 1.36E-04 
Ag-110 4.44E-01 
Ag-llOm 3.34E+01 
Ba-137m 1.18E+05 
Cd-113m 6.13E+01 
Cd-115m 6.79E-10 
Ce-141 1.49E-11 
Ce-144 1.14E+04 
(3-134 4.81E+04 
(3-135 8.22E-01 
(3-137 1.24E-I-05 
ELI-152 1.09E+01 
Eu-154 1.01E-t-04 
Eu-155 5.22Et-03 
Gd-153 1.41E-01 
H-3 5.34E-I-02 
1-129 4.20E-02 
In-114 4.21E-11 
1n-114m 4.39E-11 
In-115m 4.77E-14 
Kr-85 8.90E-1-03 
Nb-93m 7.54E-01 
Nb-95 6.78E-03 
Nb-95m 2.27E-05 
Pd-107 1.46E-01 
Pm-146 1.84E+00 
Pm-147 3.37E+04 
Pm-148 8.59E-11 
Pm-148m 1,52E-09 
Pr-144 1 ,14E+04 
Pr-144m 1.37E+02 
Rh-102 4.67E-01 
Rh-103m 1.09E-08 
Rh-106 1.64Et-04 
Ru-103 1.21E-08 
Ru-106 1.64E+04 
Sb-124 1.17E-06 
Sb-125 4.45E+03 
Sb-126 1.43E-01 
Sb-126rn 1.02Ei-00 
Se-79 5.61E-01 
Srn-151 5.60E-t-02 

c:Vofusinotes\data\coreinvenfory. doc 2/13/2003 



Adivation Products 
 soto ope Curie/MTU 
SC-46 7.04E-07 
Sn-113 1.95E-02 
Sn-119m 5.20E+01 
Sn-12lm 1.12E-tOO 
Sn-123 2.40E-02 
Sr-89 8.94E-10 
Sr-90 6.68E-03 
Ta-182 1.74E-01 
Tb-160 1.49E-03 
Tc-99 4.80E-03 
Te-123m 2.45E-04 
Te-125m 2.24Et-02 
Te-127 7.52E-07 
Te-127m 7.67E-07 
Tm-170 2.43E-07 
W-181 1.82E-04 
W-185 1.08E-05 
W-188 9.46E-08 
Y-90 6.68E-03 
Y-91 6.98E-08 .. 
Zn-65 2.39E-03 
Zr-93 6.86E-01 
Zr-95' 2.05E-04 
Total 7.98E+03 

Five Year Decay Inventory, GE Fuel 

Actinides + Daughters Fission Products 
1sotope Curie/MTU Isotope Curie/MTU 
U-240 9.23E-07 Sn-119m 1.24E+00 , 

Total 1.36E-1-05 Sn-12lm 2.46E-01 . - 

Sn-123 1.60E-01 
Sn-126 1.02E-t-00 
Sr-89 8.33E-06 
Sr-90 8.85Et-04 
Tb-160 3.14E-05 
Tc-99 1.74Et-01 
~e-123m 6.79E-04 
Te-125m 1.09E4-03 
Te-127 1.02E-01 
Te-127m 1.04E-01 
Te-129 1.02E-12 
Te-129m 1.57E-12 
Y -90 8.85E+04 
Y-91 3.38E-04 
Zr-93 2.50Ec00 
Zr-95 3.05E-03 
Total 5.87E-t-05 



e 

Five Year Decay Inventory, GE Fuel 

Activation Products 
isotope Curie/M?U 
Ag 7.78E-04 
Ar 3.42E-04 
Be 2.12E-06 
C 7.70E-01 
Ca 2.05E-03 
Cd 7.76E-04 
CI 1.86E-02 
Co 2.73E+03 
Cr 5.28E-16 
Eu 2.24E1-02 
Fe 3.35E+03 
Gd 2.26E+01 
H 5.24E-04 
H f 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 4.23E4-02 
0s 7.29E-10 
P 2.89E-08 
Pb 8.97E-08 
Re 2.45E-07 
Ru 2.66E-14 
S 1.845-05 
Sb 9.16E+02 
SC 7.04E-07 
Si 2.88E-08 
Sm 4.19E-06 
Sn 5.32E-t-01 
St  6.68E-03 
Ta 1.74E-01 
Tb 1.49E-03 
TC 4.80E-03 
Te 2.24E-t-02 

Actinides t- Daughters 
Isotope Curie/ MTU 
Am 1.44E+03 
Bi 4.49E-02 
Bk 1.72E-04 
Crn 4.95E+03 

N P 3.32E-t-01 
Pa 9.30E-01 
Pb 4.49E-02 
PO 7.36E-02 
PU 1.29E+05 
Ra 4.49E-02 
Rn 4.49E-02 
Th 3.80E-01 
TI 1.61 E-02 
U 5.24E-i-00 
Total 1.36E-t-05 

Fission Products 
Isotope Curie/MTU 
Ag 3.38E+01 
Ba 1.18E+05 
Cd 6.13Et-01 
Ce 1.14E-4-04 
Cs 1.72E-4-05 
Eu 1,53E+04 
Gd 1.41E-01 
H 5.34Et-02 
HO 4.51E-03 
I 4.20E-02 
In 9.98E-11 
Kr 8.90E+03 
La 1.47E-10 
Nb 7.61E-01 
Nd 2.17E-09 
Pd 1.46E-01 
Prn 3.37E-i-04 
Pr 1.15E-i-04 
Rb 2.99E-05 
Rh 1.64Ei-04 
Ru 1.64E-tO4 
Sb 4.45E+03 
Se 5.61E-01 
Sm 5,60E+02 
Sn 2.66E+00 
St 8.85E-i-04 
Tb 3.14E-05 
Tc 1.74E+01 
Te 1.09E+03 

Xe 3 
6.58E-17 

Y 8.85E-i-04 
Zr 2.50E+00 
Total 5.87E+05 



Five Year Decay Inventory, GE Fuel 

Activation Products Adinides + Daughters Fission Products 

 soto ope Curie/MTU  soto ope Curie/MTU Isotope Curie/MTU 

W 1.93E-04 - .  
6.68E-03 Y 

Zn 2.39E-03 
Zr 6.86E-01 
Total 7.98E+03 



"Beard, James A. (PS, To: "Cambria, Michael (Parsons)" <Michael.Cambn'a@parsons.com>, 
NEr' eddie.grant@exeloncorp.com, rln@inel.gov 
<james.beard@gene.G cc: 

w 
E.com> Fax to: 

Subject: ABWR S-3 and 4 Information 
02/04/2003 06:22 PM . . 

Mike, Eddie and Robert: 

Here at long last is the S-3 and 5-4 information. I hope that we have 
provided the information that you need to complete your assessment. If you 
should require any additional information please let me know right away. 

Thanks 
I ' 

Alan 

Gl GE NUCLEAR ENERGY 

J. Alan Beard 

Proaram Manager 
~arnes. Beardegene . ge . corn 
Work Phone ( 3 0 1 )  208- 1460 or ( 4 0 8 )  925-3524 
Cell Phone ( 3 0 1 )  461- 3497 



: Reactor Vendor uestionnaire 

Information on Annual Fuel Requirements 

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

For the GE ABWR and3SBWR the uprated thermal power of the ABWR of 4300 MWt 
is used to bound both reactors. For reference the currently certified power level of the 
ABWR is 3926 MWt and the ESBWR design value is 4000 MWt 

e Number of modules or reactors expected for a typical unit configuration for small 
modular systems 

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

2. Expected Fuel Loading 
e Provide Initial Core Fuel Loading in MTU 

The initial core load for the ABWR and ESBWR are approximately equal. For the 
ABWR the initial core-load is 156.96 MT ofuranium. 

a Provide Annual Average Fuel Loading in MTU based on 40 years of operation 

The average annual %el loading in MTU is 32.76. This is based on an average capacity 
factor of 95%. This capacity factor is subject to variation by the operating practices of 
the utility but in GE's view represents a reasonably achievable measure. This figure 
includes allowances for refueling and maintenance outages but does not include any 
provision for extended outages. 

[Note: Provide the basis for the above estimates, i.e. estimated unit capacity factor, 
refuelingJmaintenance outage frequencies and durations, and average expected energy 
produced per year.] 

3. Average Fuel Enrichment in % U-235 
[Note: Provide table of MTU and enrichment if multiple fuel enrichments are normally used 
for the initial core or fuel reloads] 

The batch average enrichment of the core is less than 3.5% for the initial core and less than 
4.5% for the subsequent reloads. 

4. Fuel form 
a Provide Fuel AssembIy (or Basic Fuel Unit) Drawing 

See Figure at back of information 
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L 0 Provide a Table giving the following for each fuel unit: 

Total Mass Bundle average mass is 266 kg (without channel) 
Bundle average mass is 298 kg (with channel) 

Uranium Mass Bundle Average Uranium mass 180 kg 
Volume 
outside Dimensions 14.2 cm x 14.2 cm x 447.0 cm (with channel) 

An estimate of the typical number of fuel assemblies or units required for the initial core 
I and the average expected number of fuel assemblies or units per year for core reloads 

For the ABWR the core holds 872 fuel assemblies. The information provided in response 
to this request is based on the GE-14 fuel type, which is the latest offering of the GE fuels 
group. The basic design of the GE-14 is the same as earlier BWR fuels offered by GE as ' 

far as overall dimensions. However, improvements in the design have been made to 
optimize the fuel utilization. 

The ESBWR core will hold a total of 1020 bundles. The cross sectional area of these 
bundles will be the same as the ABWR. However they are approximately 15% shorter so 
the net effect is that the same amount of Uranium is held in the core as for the ABWR. 

1 

5. Fuel materials 
a Provide a table of fuel material types and mass for a typical fuel unit including a 

description of hel, structural, and cladding materials 

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

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

There are a number of small components that are fabricated fiom inconel of which there is a 
approximately 0.5 kg used per bundle. 
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8 Reactor Ven uestionnaire (cont' 

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 &om the fabrication facility or port of entry to the reactor site 

Typical shipment of new fuel &om the GE fbel facility in Wilmington, NC is by flat bed 
tractor trailer. 

7.  Provide a general description of the transport containers expected to be used for delivery of 
unirradiated fuel 
0 Capacity of each container, i.e, number of fbel units per container 

The transport containers consist of a dual packaging system. Two fuel assemblies are 
first packed in a padded steel box. The steel box is then packaged inside a padded . 

wooden crate. The dimensions of a typical wooden crate are 30" x 30" x 15'6" 

0 Number of containers that can be transported on one legal weight truck shipment 

The number of bundles that typically can be shipped on a single truck is either 28 or 30 
and is limited by weight. 

[Note: This data is intended to allow for a determination of the number of shipments and 
MTU for the initial core loading and the average number of shipments and MTU per year for 
core reloads.] 

Information on Expected Low 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 production of LLW is in large part controlled by the practices of the owner. GE in 
the design certification chose not to establish unreasonable expectations for future owners 
and as such followed the maximum target values. fn this case the volume of LLW is 100 
cubic meters per year with an estimated curie content of 2700 Ci. 

2. LLW expected from reactor decontamination and decommissioning 
e Provide an estimate of the expected volumes and curies of LLW produced due to reactor 

decontamination and decommissioning 
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v 

The process for decontamination and decommissioning of an ABWR is outside the 
control of CE and subject to a great deal of variation depending on the timing and the 
methods chosen. As such, GE is unable to provide a reasonable estimate for these values! 

- 5  
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Reactor Vendor uestionnaire (cont' 

Information on Spent Fuel Production/Transport 

1. Spent Fuel Shipments 
8 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 [lo0 ton cask], assuming 5 
year cooling after discharge. 
[Note: Estimate should be in MTU (based on unirradiated MTU) 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 is not familiar with the constraints of fuel assemblies that can be transported in the 
commercially available casks. What we can tell you is the GE-14 fuel type is nearly 
identical to the other GE fuel types and the number of BWR %el assemblies that can be 
shipped should not be different for the ABWR. 7 Q , A , - ~ ~ ~ ~  

1) c&?*""o 
2. Provide the average fuel burnup in MWd/MTU 

After achieving an equilibrium core, the batch average burnup is 46 G W M T  

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

The estimated decay heat per MTU 5 years after discharge from 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 

Actinide inventory 

e Total radioactivity 

e Krypton-85 inventory 

GE is still trying to gather these numbers and will provide this information as soon as 
possible. 

[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 4.1 
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"Challberg, Roy C. (PS, NE)" croy.challberg@gene.GE.com> on 03/17/2003 
01:29:04 PM 

To : RLNQ inel.gov 
cc: 

Subject: RE: ESP-8 Information for the ESBWR 

We ori,ginally developed the design for the European market but now are in 
the pke-certification phase with the NRC for US certification. The "E" 
officially stands for "Economic". And yes, the "S" is simplified. 

Sorry for the long winded answer. 
ROY 
----- Original Message----- 
From: ~~N@inel.gov [mailto:RLN@inel.gov] 
Sent: Monday, March 17, 2003 12:31 PM 
To : Challberg, Roy C. (PS, NE) 
Subject: RE: ESP-8 Information for the ESBWR 

Thanks for the confirmation Roy. One more little item. What do the 
letters ES of the initials ESBWR represent? I have seen European 
Simplified and Economic Simplified but most of the time it escapes , definition. Thanks for your help. 

"hallberg, Roy 

C. (PSI NE)" 

&oy. challbergage 

ne . GE . con> 

Inf omation for the ESBWR 
03/17/2003 12 : 39 

PM 

To : RLN@inel.gov 

cc : 

Fax to: 

Subject: RE: ESP-8 

Bob- 
You're exactly right. The bounding decay heat value for one of the reload 
cores for ABWR (4300 M W t )  was 2.9 kW. That was the decay heat after 5 
years 
(with a 2 sigma uncertainty). This will bound the 4000 MWt ESBWR fuel. 

h Roy 



k ----- Original Message----- 
From: RLN@inel.gov [mailto:RLN@inel.gov] 
Sent: Monday, March 17, 2003 9:09  AM 
To: Challberg, Roy C, (PS, NE) 
Subject: RE: ESP-8 Information for the ESBWR 

Thanks much Roy. I understand the potential variability of the numbers. 
For this effort, we just need some justification for the value we select, 
so thanks again. 

In looking closer.at the data, one other item has arisen: the decay heat 
value. I know for the ABWR they originally gave the same 18 -22 kW per MTU 
value. Later, upon questioning , it was modified to 2.9. This was the two 
sigma uncertainty value for the reload core discharge after five years 
cooling. 

If you would please check into this for the ESBWR. 

Thank you. 

Bob 

"Challberg, Roy 

C .  (PSI NE)" To : 

<roy.challbergQge cc : 

ne.GE.com Fax to: 

Subject: RE: ESP-8 
~nformation for the ESBWR 

03/17/2003 09:43 

Bob- 
Our recent heat balance 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 else. 
ROY 

GE Nuclear Energy 
Advanced Reactor Projects 
(408) 925-3317 

----- Original Message----- 
From: mN@inel.gov [mailto:RLN@inel.gov] 
Sent: Friday, March 14, 2003 3:19 PM 



To: Challberg, Roy C. (PS, NE) 
Subject: Re: ESP-8 Information for the ESBWR 

Thanks for the ESBWR information. I'll look at it Monday and see if I have 
any questions. One item I do need, is what is the MWe for the ESBWR? I 
use it and the capacity factor to normalize to the reference LWR which was 
1000 MWe and 80%. 

Have a good weekend. 

Robert L. Nitschke 
Science Fellow 
INEEL, I R C  602/242 
P.O. Box 1625 
Idaho Falls, ID 83415-2209 
Phone 208 526-1463 Fax 208 526-0690 



I 

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

To: RLN @ inel.gov 
cc: 

Subject: RE: ESP-8 Information for the ESBWR 

Bob- 
You're exactly right. The bounding decay heat value for one of the reload 
cores for ABWR (4300 MWt) was 2.9 k W .  That was the decay heat after 5 years 
(with a 2 sigma uncertainty). This will bound the 4000 MWt ESBWR fuel. 
Roy 

----- Original Message----- 
From: RLNQinel.gov [mailto:RI;NQinel.govl 
Sent: Monday, March 17, 2003 9: 09 AM 
To: Challberg, Roy C. (PS, NE) 
Subject: RE: ESP-8 Information for the ESBWR 

Thanks much Roy. I understand the potential variability of the numbers. 
For this effort, we just need some justification for the value we select, 
so thanks again. 

In looking closer at the data, one other item has arisen: the decay heat 
value. I know for the ABWR they originally gave the same 18 -22 kW per MTU 
value. Later, upon questioning , it was modified to 2.9. This was the two 
sigma uncertainty value for the reload core discharge after five years 
cooling. 

If you would please check into this for the ESBWR. 

Thank you. 

Bob 

"Challberg, Roy 

C. (PSI NE) " 

<roy.challberg@ge 

ne.GE.Com 

Inf ormat ion for the ESBWR 
03/17/2003 09:43 

To : 

CC : 

Fax to: 

Subject: RE: ESP-8 



Bob- 
Our recent heat balance 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 else. 
ROY 

GE Nuclear Energy 
Advanced Reactor Projects 
(408) 925-3317 

('I* 

----- Original Message----- 
F'rorn: RLN@inel.gov [mailto:RLNBinel.govf 
Sent: Friday, March 14, 2003 3:19 PM 
To: Challberg, Roy C. (PS, NE) 
Subject: Re: ESP-8 Information for the ESBWR 

Hi Roy, 

Thanks for the ESBWR information. 1'11 look at it Monday and see if I have 
any questions. One item I do need, is what is the m e  for the ESBWR? I 
use it and the capacity factor to normalize to the reference LWR which was 
1000 MWe and 80%. 

Have a good weekend. 

Robert L. Nitschke 
Science Fellow 
INEEL, IRC 602/242 
P.O. Box 1625 
Idaho Falls, ID 83415-2209 
Phone 208 526-1463 Fax 208 526-0690 



"Challberg, Roy C. (PS, NE)" croy.challberg@gene.GE.com> on 03/17/2003 

To: RLNQ inel.gov 
cc: 

Subject: RE: ESP-8 Information for the ESBWR 

Bob- 
Our recent heat balance 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 else. 
ROY 

GE Nuclear Energy 
Advanced Reactor Projects 
(408) 925-3317 

----- Original Message----- 
From: ~LN@inel.gov [mailto:RLN@inel.gov] 
Sent: Friday, March 14, 2003 3:19 PM 
To: Challberg, Roy C. (PSI NE) 
Subject: Re: ESP-8 Inforination for the ESBWR 

Thanks for the ESBWR information. I'll look at it Monday and see if I: have 
any questions. One item I do need, is what is the MWe for the ESBWR? I 
use it and the capacity factor to normalize to the reference LWR which was 
1000 MWe and 80%. 

Have a good weekend. 

Bob 

Robert L,  Nitschke 
Science Fellow 
INEEL, I R C  602/242 
P.O. Box 1625 
Idaho Falls, ID 83415-2209 
Phone 208 526-1463 Fax 208 526-0690 



"Challberg, Roy C. (PS, NE)" eroy.challberg@gene.GE.comz on 03/14/2003 
02:55:12 PM 

To: "Nitschke, Robert (INEEL)" crlnQinel.gov, 
CC: "Cambria, Michael (Parsons)" <Michael.CambriaQ parsons.comz, "Mundy, Thomas (Exelon)" 

~thomas.mundyQexeloncorp.com~, "Rao, Atambir"catambir.raoQgene.GE.comz 

Subject: ESP-8 Information for the ESBWR 

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

xf  you need further information, please don't hesitate to contact me 
directly. 

Roy Challberg 
GE Nuclear Energy 
Advanced Reactor Projects 
(408) 925-3317 
<mailto:roy.challberg@gene.gene.ge.corn> 



Information on Annual Fuel Requirements 

1. Define Standard Technical Configuration. 
e Provide expected reactor power, MWt 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 reference the currently certified power level of the 
ABWR is 3926 MWt and the ESBWR design value is 4000 MWt 

a Number of modules or reactors expected for a typical unit configuration for small 
modular systems 

The AF3WR and ESBWR are both designed as single unit plants. 

2. Expected Fuel Loading 
e Provide Initial Core Fuel Loading in MTU 

For the 

ABWR - 157 MTU 
ESBWR - 157 MTU 

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

The average annual fuel loading in MTU is 32.76. This is based on an average capacity 
factor of 95%. This capacity factor is subject to variation by the operating practices of 
the utility but in GE's view represents a reasonably achievable measure. This figure 
includes allowances for refueling and maintenance outages but does not include any , 

provision for extended outages. 

[Note: Provide the basis for the above estimates, i.e. estimated unit capacity factor, 
refuelingimaintenance outage frequencies and durations, and average expected energy 
produced per year.] 

3. Average Fuel Enrichment in % U-23 5 
[Note: Provide table of MTU and enrichment if multiple fuel enrichments are normally used 
for the initial core or fuel reloads] 

The batch average enrichment of the core is less than 3.5% for the initial core and less than ' 
4.5% for the subsequent reloads. 

4. Fuel form 
Provide Fuel Assembly (or Basi'c Fuel Unit) Drawing - See Figure 1 
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0 Provide a Table giving the following for each k e l  unit: 

e An estimate of the typical number of fuel assemblies or units required for the initial core - . ' 

and the average expected number of fuel assemblies or units per year for core reloads 

Table 1 

See Table 1 above. The information provided in response to this request is based on the GE- 
14 fuel type, which is the latest offering of the GE fuels group. The basic design of the GE- 
14 is the same as earlier BWR fuels offered by GE as far as overall dimensions. However, 
improvements in the design have been made to optimize the fuel utilization. 

The cross sectional area of the ESBWR bundles will be the same as the ABWR. However 
they are approximately 15% shorter, but with more bundles in the core, so the net effect is 
that approximately the same amount of Uranium is held in the core as for the ABWR. 

5, Fuel materials 
Provide a table of fuel material types and mass for a typical fie1 unit including a 
description of fuel, structural, and cladding rnateriak 

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 a number of small components that axe fabricated from inconel. 
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Upper tie plate 

Water rods 

Part length fuel 

Zircaloy ferrule 

. Lower tie plate 
debris filter 

GE 14 Fuel Bundle 
Figure 1 
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6. Define the expected typical transport mode (i.e. truck, rail, etc.) for delivery of the 
unirradiated fuel fkom the fabrication facility or port of entry to the reactor site . 

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

7. probide a general description of the transport containers expected to be used for delivery of 
unirradiated he1 
e 'capacity of each container, i.e. number of Euel units per container 

The transport containers consist of a dual packaging system. Two fuel assemblies are 
first packed in a padded steel box. The steel box is then packaged inside a padded 
wooden crate. The dimensions of a typical wooden crate are 30" x 30" x 15'6" (ESBWR 
fuel assemblies crate would be - 13'6" long) 

e Number of containers that can be transported on one legal weight truck shipment . 

The number of ABWR bundles that typically can be shipped on a single truck is either 28 
or 30 and is limited by weight. The single truck could cany up to 36 ESBWR bundles 
based on the lighter weight. 

mote: This data is intended to allow for a determination of the number of shipments and 
MTU for the initial core loading and the average number of shipments and MTU per year for 
core reloads.] 

Information on Expected Low Level Waste Production 

1. Estimated annual average LLW production expected from reactor operations 
e Provide an estimate of the expected volumes and curies of LLW 

The production of LLW is in large past controlled by the practices of the owner. 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 is 100 
cubic meters per year with an estimated curie content of 2700 Ci. 

2. LLW expected from reactor decontamination and decommissioning 
o Provide an estimate of the expected volumes and curies of 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 a great deal of variation depending on the timing and the 
methods chosen. As such, GE is unable to provide a reasonable estimate for these values. 
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ESP 8 Reactor Vendor 

Information on Spent Fuel Productionfrransport 

1. Spent Fuel Shipments 
e 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 [I00 ton cask], assuming 5 
year cooling after discharge. 
Wote: Estimate should be in MTU (based on unirradiated MTU) 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 is not familiar with the constraints of fuel assemblies that can be transported in the 
commercially available casks. What we can tell you is the GE-14 fuel type is nearly 
identical to the other GE fuel types and the number of BWR he1  assemblies that can be 
shipped should not be different for the ABWR. 

If a "standard" size BWR spent fuel cask were used for spent ESBWR fuel, less fuel per 
cask shipment would result. With the shorter fuel assemblies it would be reasonable to 
expect a new cask design would be possible. Assuming the cask load or quantity based 
on either curie content .or total decay heat, a larger cask could be conceived and therefore 
more ESBWR spent fuel bundles could be shipped per cask. 

2, Provide the average he1 burnup in MWdJMTU 

After achieving an equilibrium core, the batch average burnup is 46 GWdjMT 

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

The estimated decay heat per MTU, 5 years after discharge fiom the core is between 18-22 
kilowatts. 

4. Provide estimates of the spent he1 inventories and radioactivity, in Ci per MTU, after 5 years 
of decay 
e Fission product inventory 

e Actinide inventory 

e Total radioactivity 

Krypton-8 5 inventory 

See Table 2 for ABWR determination. This table is based on 4300 MWt ABWR (power 
uprated). 
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The fuel type is GE 14 with the following characteristics, 

Core Size, number of bundles 
Core Thermal Power, MWth 
Operating Cycle Length, days 
Operating Capacity Factor, % 
Refbeling Outage Duration, days 
Refueling Interval, months 
Loaded Batch Size 
Batch Average Enrichment, w/o U235 
Average Bundle Mass, KgU 
Batch Average Burnup, GWdlMT 

Initial 
Core 
872 
4300 
605 
100 
3 0 
21 
872 
3.5 
180 
36 

Reload 1 

872 
4300 
605 
100 
3 0 
21 
240 
4.5 
180 
46 

Reload 2 to Eq. 

872 
4300 
605 
100 
3 0 

This particular analysis should bound the 4000 MWt ESBWR core. 

mote: 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 4.1 

Table 2 

i Activation Products 
Isotope 
Ag-109m 
Ar-37 
Ar-39 
C-14 
Ca-41 
Ca-45 
Cd-109 
Cd-115m 
CI-36 
CO-58 
CO-60 
Cr-51 
Eu-152 
Eu-154 
Eu-155 
Fe-55 
Fe-59 
Gd-153 
H -3 
Hf-175 
Hf- 18 1 
Ho-166m 
In-113m 

Actinides i Daughters 
Isotope Curie/MTU 
Am-241 1.34E+03 
Am-242 3.32E+01 
Am-242m 3.34E+01 
Am-243 3.24E+01 
Am-245 2.50E-09 
Bi-212 4.49E-02 
Bk-249 1.72E-04 
Cm-241 1.01E-17 
Cm-242 5.51E+01 
Cm-243 3.69E+01 
Cm-244 4.86E+03 
Cm-245 6.56E-01 
Cm-246 1.41E-01 
N p-235 5.01E-04 
Np-237 6.16E-01 
Np-238 1.67E-01 
Np-239 3.24E-i-01 
Np-240m 9.23E-07 
Pa-233 6.16E-01 
Pa-234m 3.13E-01 
Pb-212 4.49E-02 
PO-212 2.88E-02 
PO-216 4.49E-02 
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Fi'ssion Products 
Isotope 
Ag-108 
Ag-109m 
Ag-110 
Ag-llOm 
Ba-137m 
Cd-113m 
Cd-115m 
Ce-141 
Ce-144 
Cs-134 
(3-135 
CS-137 
Eu-152 
Eu-154 
Eu-155 
Gd-153 
H-3 
1-129 
In-114 
In-1 l4m 
In-115m 
Kr-85 
N b-93m 



Activation Produds 
Isotope 
In-114 
In-114m 
Ir-192 
K-42 
Lu-177 
Lu-177m 
M n-54 
Mo-93 
N b-93m 
N b-94 
N b-95 
N b-95m 
Ni-59 
Ni-63 
P-32 
Re-188 
Ru-103 
S-35 
Sb-124 
Sb-125 

1 SC-46 
Sn-113 
Sn-119m 
Sn-121m 
Sn-123 
9-89 
Sr-90 
Ta-182 
Tb-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 
Total 

Actinides + Daughters 
Isotope Curie/MTU 
Pu-236 3.56E-01 
Pu-237 4.37E-12 
Pu-238 6.14E+03 
Pu-239 3.87Et-02 
Pu-240 6.15Et.02 
Pu-241 1.22E+05 
Pu-242 2.24E+00 
Pu-243 5.85E-07 
Ra-224 4.49E-02 
Rn-220 4,49E-02 
Th-228 4.49E-02 
Th-23 1 2.20E-02 
Th-234 3.13E-01 
TI-208 1.61E-02 
U-232 6.00E-02 
U-234 1.47Et.00 
U-235 2.20E-02 
U-236 3.77E-01 
U-237 3.00E+00 
U-238 3.13E-01 
U-240 9.23E-07 
Total 1.36E+05 

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-,151 
~ n - ~ l m  
Sn-12lm 
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 
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Activation Products 
Isotope Curie/MlU 
AS 7.78E-04 
Ar 3.42E-04 
Be 2.12E-06 
C 7.70E-01 
Ca 2.05E-03 
Cd 7.76E-04 
CI 1.86E-02 
Co 2.73Et-03 
Cr 5.28E-16 
Eu 2.24E+02 
Fe 3.35E+03 
Gd 2.26E+01 
H 5.24E-04 
H f 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 
M n 3.46E+01 
MO 1.95E-02 
Nb 3.75E-01 
N i 4.23E+02 
0s  7.29510 
P 2.89E-08 
Pb 8.97E-08 
Re 2.45E-07 
Ru 2.66E-14 
S 1.84E-05 
Sb 9.16E-t-02 
SC 7.04E-07 
Si 2.88E-08 
Sm 4.19E-06 
S n 5.32E+01 
Sr 6.68E-03 
Ta 1.74E-01 
Tb 1.49E-03 
TC 4.80E-03 
Te 2.24Et-02 
Tm 7.28E-06 

Actinides + Daughters 
Isotope Curie/MfU 
Am 1,44E+03 
Bi 4.49E-02 
Bk 1.72E-04 
Cm 4.95E+03 
N P 3.32E+01 
Pa 9.30E-01 
Pb 4.49E-02 
PO 7.36E-02 
PU 1.29E-i-05 
Ra 4.49E-02 
Rn 4.49E-02 
Th 3.80E-01 
TI 1.61E-02 
U 5.24E-i-00 
Total 1.36E+05 

Fission Products 
Isotope Curie/MTU 
Ag 3.38Et-01 
Ba 1.18E+05 
Cd 6.13Et01 
Ce 1.14E+04 
Cs L72E-I-05 
ELI 1,53E+04 
Gd 1.41E-01 
H 5.34E+02 
HO 4.51E-03 
I 4.20E-02 
In 9.98E-11 
Kr 8.90E+03 
La 1.47E-10 
Nb 7.61E-01 
Nd 2.17E-09 

' Pd 1.46E-0 1 
Prn 3.37E-i-04 
Pr 1.15E+04 
Rb . 2.99E-05 
Rh 1.64E+04 
Ru 1.64E+04 
Sb 4.45E+03 
Se 5.61E-01 
Sm 5.60E+02 
Sn 2.66E+00 
Sr 8.85E+04 
Tb 3.14E-05 
Tc 1.74E+01 
Te 1.09E-1-03 
Xe 6.58E-17 
Y 8.85E+04 
Zr 2.50E+00 
Total 5.87E+05 
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~ctivation Products 
Isotope Curie/MIU 
Y 6.68E-03 
Zn 2.39E-03 
Zr 6.86E-01 
Total 7.98€+03 

Actinides + Daughters Fission Products 
Isotope Curie/MTU Isotope Curie/MTU 
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/@ 
'Winters, James W." To: "Winters, James W." ~winterjw@westinghouse.comr, "'Cambria, 
<winterjw@westinghou Michael"' cMichael.Cambria@parsons.com> 
se.com> cc: 'Tom Mundy (E-mail)" ~thomas.mundy@exeloncorp.~~m>, "Robert L. 

0210612053 01 :26 PM 
Nitschke (E-mail)" <rln@inel.gov>, "Wayne Schofield (E-mail)" 
<Wschofie@ch2rn.corn> 

Fax to: - .  
Subject: RE: Data request for early site permit applications 

Item #1: 

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

We wi'll include this in the siting guide with a note something like 
"Estimated based upon Sizewell B's estimate of 13,000 TBq," 

Item #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 Month (520 EFPD) 
Equilibrium Cycles. 

Jim 

> -----we--- 

> From: Cambria, Michael[SMTP:Michae1.Cambria@parsons.com] 
> Sent: Friday, January 24, 2003 2:52 PM 
> To: 'Winters, ~ames W.' 
> Cc: Tom Mundy (E-mail); Robert L. Nitschke (E-mail); Wayne 
Schofield 

(E-mail) 
Subject : RE: Data request for early site permit applications 

Jim : 

Just a note to inquire on how you are making out with generating the 
requested info. If you could let me know if and when we might expect it, 
it 
would be helpful. 

Thank you 

Mike 

----- Original Message----- 
From: Winters, James W. [mailto:winterjw@westinghouse.com] 
Sent: Friday, January 17, 2003 12: 48 PM 
To : ' Winters, James W. ' ; 'Cambria, Michael ' 
Cc: 'Cumrnins, Ed'; 'Demetri, Kathryn J.'; 'Grant, Eddie R.'; 'George 
Zinke (E-mail) ' ;  'Marvin Smith (E-mail) ' ;  'Meneely, Timothy K.'; 'Steve 
Routh (E-mail) '; 'Spencer Sernmes (E-mail) ' ;  'Mundy, Thomas P . ' ;  'Vijuk, 
Ronald P. ' ;  'Wayne Schofield (E-mail) ' ;  'RLN(a)inel.govl; Zoannidi, John 
Subject: RE: Data request for early site permit applications 



Kathy, 

Please take the lead on this and then send me the information. I will get 
it to Michael and include it in our siting guide. 

- .  
Jim 

> ---------- 
> From: Cambria, Michael[SMTP:Michael.Cambria@parsons.com] 
> Sent: Thursday, January 16, 2003 1:11 PM 
> To: 'Winters, James W.' 
> Cc: 'Cummins, Ed'; 'Demetri, Kathryn J.'; 'Grant, Eddie R.'; 
' George 
> Zinke (E-mail)'; 'Marvin Smith (E-mail)'; 'Meneely, Timothy K.'; 'Steve 
> Routh (E-mail) '; 'Spencer Semmes (E-mail) ' ;  'Mundy, Thomas P.'; 'Vijuk, 
> Ronald P.'; 'Wayne Schofield (E-mail)'; 'RLN(a)inel.gov7; loannidi, John 
> Subject: RE: Data request for early site permit applications 
> 
> Jim: 
> 
> After reviewing your input the following is some outstanding data needs 
> and/or questions: 
> 
> 1) Need your curie estimate for the DLD; and 
> 
> 2) Please clarify the burnup # ?  Presently it is stated the design 
burnup 
is 
60,000 MWd/MTU while-the expected is 21,000. What is the average fuel 
burnup over the 40 year 
operational period? 

If you have any questions on the above please contact Bob Nitschke of 
INEEL 
at (208) 526-1463 or by email at rln@inel.gov. 

Thanks 

Mike 

----- Original Message----- 
From: Winters, James W. 
Sent: Thursday, December 19, 2002 3:58 PM 
To: Winters, James W.; 'RLN (a) inel.govV 
Cc: Cumins, Ed; Demetri, Kathryn J.; 'Grant, Eddie R. '; George Zinke 
(E-mail); Marvin Smith (E-mail); Meneely, Timothy K.; Steve Routh 
(E-mail); Spencer Semmes (E-mail); 'Mundy, Thomas P. ' ;  Vijuk, Ronald P.; 
Winters, James W.; Wayne Schofield (E-mail); Meneely, Timothy K.; 
Cambria, Michael 
Subject: RE: Data request for early site permit applications 

Here are our revised responses to the ESP-8 questions. We 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 



> > s i n c e  t h e  cognizant  engineer  i s  on hol iday.  We w i l l  send i t  a s  soon a s  
> he 
> > i s  back ( 1 / 2 ) .  The proper  radwaste value is  1830 c u r i e s  per  year  
> > corresponding t o  t h e  DCD. This w i l l  a l s o  be c o r r e c t e d  i n  Revision 3 of - 
> > t h e  - .  > > S i t i n g  Guide. 
> > 
> > <<Responses t o  ESP 8 R2.doc>> 
> > 
> > I tem 13  r e fe rences  an APlOOO c a l c u l a t i o n  note  f o r  t h e  ORIGEN d a t a  
> r e l a t e d  
> > t o  
> > f u e l  i nven to r i e s  and r a d i o a c t i v i t y .  Attached below a r e  t h e  r e l e v a n t  
> > t a b l e s  
> > a s s o c i a t e d  with t h a t  ca l cu la t ion .  
> > I  

> > <<AP1000 SF Curie .pdf>> 
> > 
> > J i m  
> > 
> > >  ---------- 
> > > From: RLN@inel.gov[SMTP:RLN@inel.gov] 
> > > Sent:  Monday, December 1 6 ,  2002 1:17 PM 
:, > > 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 Schof ie ld  (E-mail) 
> > > Subjec t :  RE: Data reques t  f o r  e a r l y  s i t e  permit a p p l i c a t i o n s  
> > >  
> > > <<Fi l e :  Responses t o  ESP 8 Rl.doc>> 
> > >  
> > > H i  J i m ,  
> > > 
> > > Thanks f o r  your response.  I am not  s u r e  why you d i d  not  r ece ive  a  
> page 
> > 3.  
> > > I t  should have looked something l i k e  t h i s :  
> > >  
> > > Information on Spent Fuel Product ion/Transport  
> > >  
> > > 1. Spent Fuel Shipments 
> > >  * Provide an es t imate  of t h e  q u a n t i t y  ( M T U )  of i r r a d i a t e d  f u e l  
> t h a t  
> > > can 
> > > be t r anspor t ed  i n  one l e g a l  weight t r u c k  cask  [25  ton cask]  o r  t y p i c a l  
> > > r a i l  
> > > cask [I00 t on  c a s k ] ,  assuming 5 year  cool ing  a f t e r  d i scharge .  
> > >  [Note: Estimate should be i n  MTU (based on u n i r r a d i a t e d  MTU) and 
> > > number of f u e l  u n i t s  t o  allow f o r  a de te rmina t ion  of average number of 
> > > spent  f u e l  shipments per  year of r e a c t o r  ope ra t ion . ]  
> > > 2. Provide t h e  average f u e l  burnup i n  MWd/MTU 
> > > 3 .  Provide an e s t ima te  of t h e  decay hea t  i n  wat t s  per  MTU a f t e r  5 
> yea r s  
> > > o f  
> > > decay from f u e l  discharge 
> > > 4. Provide e s t ima te s  of t h e  spent  f u e l  i n v e n t o r i e s  and r a d i o a c t i v i t y ,  
> > i n  



> > > Ci per MTU, after 5 years of decay 
> > >  * Fission product inventory 
> > >  * Actinide inventory - > > >  * Total radioactivity 
> > >  * Krypton-85 inventory 
> > > [Note: If available, please provide a complete set of ORIGEN run 
> resuits 
> > > (or other applicable code for the applicable reactor type) detailing 
> the 
> > > spent fuel inventories at 5 years decay to answer questions 3 and 4.1 

> > >  
> > > AS such, we will still need information on the number and types of 
> spent 
> > > fuel shipment, average burnup, decay heat, etc. 
> > >  
> > >  
> > > Also if I may, one question on your latest submittal. In the 
> attachment 
> > > "Responses to ESP 8 Rl", it states 1830 curies per year of solid 
> waste. 
> > > The APlOOO Siting Guide document on pages 33 and 36 show 1100 curies 
> per 
> > > year. 
> > >  
> > > Thank you. 
> > > 
> > > Bob 
> > > 
> > > phone 208 526-1463 
> > > 
> > >  
> > >  
> > >  
> > >  "Winters, James 

> James 
> > > W." 
> > >  <winter j wewesting 
> > > <winterjw@westinghouse.com>, "'Michael Cambria'" 
> > > house.com> 

> Thomas 
> > > P."' 
> > >  12/13/2002 09: 35 
> > > <thomas .mundy@exeloncorp. corn>, "Cummins, Ed" 
> > >  AM 
> > > <cumminwe@westinghouse. corn>, "Vijuk, Ronald P. " 

"Winters, 

cc : Mundy , 

> > > 
> > > <vi j ukrp@westinghouse . corn>, " 'Grant, Eddie R. ' " 
> > > 
> > > <eddie.grant@exeloncorp.com>, "Marvin Smith (E-mail)" 
> > >  
> <Marvin Smith@dom.com>, 
> > > "~ogert L. Nitschke (E-mail)" 
> > >  <rln@inel.gov>, 
> "Spencer 

I > > > Semmes (E-mail)" 



> > >  
> > <Spencer~Sernmes@dom.com>, 
> > > lqSteVe Routh (E-mail)" 
> > >  <sdrouth@bechtel.com>, . 
> > > "Wayne Schofield (E-mail)" . h 

> > 3 ~Wschofie@ch2m.com~, 
> > > "George Zinke (E-mail)" 
> > >  <GZINKE@entergy.com>, 
> > > "Vi juk, Ronald P. " 
> > > 
> > > <vijukrp@westinghouse.com>, "Demetri, Kathryn J." 
> > >  
> > > <demetrkj@westinghouse.com>, "Meneely, Timothy K." 
> > >  
> > > <meneeltk@westinghouse.com> 
> > >  Fax to: 
> > >  
> > >  Subject: RE: Data 
> > request 
> > > for early site permit 
> > >  applications 
> > >  
> > >  
> > >  
> > >  
> > >  
> > >  
> > >  
> > > With a little help from my friends, here are the answers to your 
> > > questions. 
> > > These also cover the email you sent me later in the day on the 9th. 
> For 
> > > the 
> > > record, we never received the page 3 Bob talks about, so I hope you 
> can 
> > > apply this information to your page 3 ,  
> > >  
> > > Fuel reload data: 
> > > *  Cycle Length - 18 months - 520 EFPD @ 3400 MWT 
> > > *  Capacity Factor - 95% including refueling outage 
> > > *  Reload fuel requirement - 68 Fuel Assemblies 
> > > *  Average Enrichment - 4.51 w/o U235 
> > >  
> > > Spent fuel data: 
> > > > *  At 5 years decay, the average spent fuel assembly curie 
> > > content: 
> > > >  Actinides 8.506Ec04 curies ' 

> > > > Fission Products 4.450E+05 curies 
> > > >  Total 5.3013+05 
> curies 
> > > > 
> > > LLW from Decommissioning: 
> > > *  No APlOOO specific estimate has been made. Information 
> > from 
> > > Sizewell indicates 6200 cubic meters of LLW from decommissioning. The 
> > > APlOOO value should be significantly less (maybe half) considering the 
> > > design differences. 
> > >  
> > >  
> > > I have also incorporated this information into our response to ESP 8 
> > > document. 



> > >  
> > > <<Responses to ESP 8 Rl.doc>> 
> > >  
> > > This information is also being added to our Siting parameters 
> document. 
> > > Thanks for your interest. 
> > >  
> > > Jim 
> > > 413-374-5290 
> > > 
> > > >  ---------- 
> > > > From: Michael CambrialSMTP:Michael.Cambria@parsons.com] 
> > > > Sent: Monday, December 09, 2002 12: 14 PM 
> > > > To: 'Winters, James W. ' 
> > > > Cc: 'Mundy, Thomas P. '; 'Cummins, Ed'; 'Vijuk, Ronald 
> > P.'; 
> > > 'Grant, Eddie 
> > > > R . ' ;  Marvin Smith (E-mail); Robert L. Nitschke (E-mail); Spencer 
> > Semmes 
> > > > (E-mail); Steve Routh (E-mail); Wayne Schofield (E-mail); George 
> Zinke 
> > > > (E-mail) 
> > > > Subject: RE: Data request for early site permit applications 
> > > >  
> > > > Jim: 
> > > >  
> > > > I want to thank you for your input to our ESP 8 Questionnaire. 
> After 
> > > > reviewing the information provided by you there is some additional 
> > data 
> > > > that is needed by us to complete our assessment. The main data items 
> > > that 
> > > > are missing from your response are the average enrichment for the 
> > reload 
> > > > 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 items are needed to calculate the fuel requirements on an 
> > > > average annual basis and the information on curies contained is 
> needed 
> > > t o  
> > > > look at transport impacts. 
> > > >  
> > > > If you could supplement your response with this information it would 
> > be 
> > > > greatly appreciated. Thank you for your cooperation. 
> > > >  
> > > > Regards, 
> > > >  
> > > > Mike 
> > > >  
> > > > ----- Original Message----- 
> > > > From: Winters, James W. 
> > > > Sent: Tuesday, December 03, 2002 4:52 PM 
> > > > To: Winters, James W.; 'Grant, Eddie R.' 
> > > > Cc: Mundy, Thomas P. ; Cummins, Ed; Winters, James W. ; Vi juk, Ronald 
> > P.; 
> > > > Cambria, Michael 
> > > > Subject: RE: Data request for early site permit applications 



> > > >  
> > > > Here is our response table. Formal letter will be FEDEXed today. 
> > > >  
> > > > <<Responses to ESP 8.doc>> 
> > > >  
> > > > Jim . . 
> > > >  
> > > > > ---------- 
> > > > > From: Grant, Eddie R. [SMTP:eddie.grant@exeloncorp.~ 
> > > > > Sent: Monday, November 11, 2002 2:37 PM 
> > > > > To: James W. Winters (E-mail) 
> > > > > C c :  Michael Cambria (E-mail); Mundy, Thomas P. 
> > > > > Subject: Data request for early site permit 
> applications 
> > > > >  
> > > > > <<File: ESP-08, info request, APlK.pdf>> 
> > > > > As you are aware, Exelon Corporation, Dominion Resources Services, 
> > and 
> > > > > Entergy Nuclear Potomac are currently developing Early Site Permit 
> > > (ESP) 
> > > > > applications to facilitate the future deployment of advance 
> reactor 
> > > > design 

concepts. The attached letter requests some additional information 

> > > > >  
> readily 
> > > > >  
> > > > >  
> > > > >  
> > > > >  
> > > > >  
> > > > >  
> > > > >  
> Cambria 
> > > at: 
> > > > >  
> > > > >  
> > > > >  
> > > > >  
> > > > >  

necessary 
to complete the environmental assessment for this effort. 

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

To meet the our, schedule for submitting ESP Applications, it would 

beneficial if you could first provide existing data that is 

retrievable and then follow-up with additional data as it becomes 
available. 
Your response is requested by November 27, 2002. 

Thank you in advance for your cooperation in this matter, 

Please direct your responses to the attention of Michael J. 

Parsons Energy and Chemicals 
2675 Morgantown Road 
Readinq, PA 19607 

> > (610) 855-2049 
> > 
> > Should you have any questions or require additional clarification 
> > regarding 
> > the information requested by the attached questionnaire, please . 
contact 
> > Robert L. Nitschke of INEEL at (208) 526-3463 or by email at 
> rln@inel.gov 
> > <mailto:rln@inel.gov> . 
> > 
> > 
> > Eddie R Grant 



3 > > > > > Exelon ESP Project 
> > > > > 610-765-5001 Office 
> > > > > 610-765-5545 Fax 
> > > > > 850-598-9801 Cell 
> > > > >  
> > > > >  

> > > > > This e-mail and any of its attachments may contain Exelon 
> > Corporation 
> > > > > proprietary information, which is privileged, confidential, or 
> > subject 
> > >,.> > to copyright belonging to the Exelon Corporation family of 
> > Companies. 
> > > > > This e-mail is intended solely for the use of the individual or 
> > entity 
> > > > > to which it is addressed. If you are not the intended recipient 
> of 
> > > this 
> > > >  
> > > > > e-mail, you are hereby notified that any dissemination, 
> > distribution, 
> > > > > copying, or action taken in relation to the contents of and 
> > > attachments 
> > >  
> > > > > to this e-mail is strictly prohibited and may be unlawful. If you 
> > > have 
> > >  
> > > > > received this e-mail in error, please notify the sender 
> immediately 
> > > and 
> > > 
> > > > > permanently delete the original and any copy of this e-mail and 
> any 
> > > > > printout. Thank You. 
> > > > >  
> > >  
> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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



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

To: "'RLN@inel,govn' <RLN@inel.govz 
CC: "'~pencer~semme~@d~m.com"' ~spencer~sernmes@dom.com~, "'edward.b.toll@parsons.com'" 

<edward.b.toll@parsons.com~, "'michael.cambria@parsons.corn"' ~michael.cambria@parsons.com~, 
"'eddie.grant@exeloncorp.com"' ceddie.grant@exeioncorp.com~, "Cummins, Ed" 
<cumminwe@westinghouse.corn~l 'Writers, James W." <winterjw@westinghouse.com> 

Subject :  Spent Fuel Shipping 

T h i s  completes  our responses t o  t h e  ESP-8 quest ions.  C u r r e n t l y  ope ra t ing  
p l a n t s  s h i p  spent  Westinghouse f u e l  a f t e r  1 0  years a f t e r  removal from t h e  
r e a c t o r .  This  i s  usuaLly 5 years i n  pool  and 5 years d ry  s t o r a g e .  There 
can be 21-28 f u e l  assemblies n a sh ipp ing  cask and one cask  p e r  r a i l  c a r .  
None a r e  shipped by t ruck .  

J i m  



F 'Winters, James W." To: "Winters, James W." cwinterjw@westinghouse.com~ "'RLN@inel.gov"' 
<winterjw@westinghou cRLN@inel.gov> 
se.com> cc: "Cummins, Ed" ~cumminwe@westinghouse.com~, "Dernetri, Kathryn 

J." ~demetrkj@westinghouse.com~, "'Grant, Eddie R."' 
12/%3/2002 0?:57 PM ~eddie.grant@exeloncorp.com>, "George Zinke (E-mail)" - .  cGZlNKE@entergy.com>, "Marvin Smith (E-mail)" 

~Marvin~Smith@dom.com~, "Meneely, Timothy K." 
~meneeltk@westinghouse.com>, "'Michael Cambria"' 
cMichael.Cambria@parsons.com~, "Steve Routh (E-mail)" 
<sdrouth@bechtel.com~, "Spencer Semmes (E-mail)" 
~Spencer~Semmes@dom.com~, "'Mundy, Thomas P."' 
~thomas.mundy@exetoncorp.com~, "Vijuk, Ronald P." 
cvijukrp@westinghouse.com>, Wnters, James W." 
cwinterjw@westinghouse.~~m~~ "Wayne Schofield (E-mail)" 
~Wschofie@ch2m.com~, "Meneely, Timothy K." 
~meneeltk@westinghouse.com~ 

Fax to: 
Subject: RE: Data request for early site permit applications 

Here a r e  our  r ev i sed  responses t o  t he  ESP-8 ques t ions .  We have inc luded  t h e  
page 3 i t e m s  a s  Items 10 through 13 i n  t h e  f u e l  information s e c t i o n .  This 
in format ion  w i l l  a l s o  be added t o  Revision 3 of our  s i t i n g  guide .  The 
in fo rma t ion  reques ted  f o r  spent  f u e l  shipments i s  not a v a i l a b l e  r i g h t  now 
s i n c e  t h e  cognizant  engineer  is  on hol iday .  We w i l l  send it a s  soon a s  he 
i s  back ( 1 / 2 ) .  The proper  radwaste va lue  i s  1830 cu r i e s  per  yea r  
corresponding t o  t h e  DCD. This w i l l  a l s o  be co r r ec t ed  i n  Revision 3  of t h e  
S i t i n g  Guide. 

<<Responses t o  ESP 8 R2.doc>> 
\ 

Item 13  r e fe rences  an APlOOO c a l c u l a t i o n  note  f o r  t h e  ORIGEN d a t a  r e l a t e d  t o  
f u e l  i n v e n t o r i e s  and r a d i o a c t i v i t y .  Attached below a r e  t h e  r e l e v a n t  t a b l e s  
a s s o c i a t e d  with t h a t  c a l c u l a t i o n .  

J i m  

> ---------- 
> From: RLN@inel.gov[SMTP:RLN@inel.gov] 
> Sen t :  Monday, December 1 6 ,  2002 1: 1 7  PM 
> To: Winters, James W .  
> Cc: Cummins, Ed; Demetri, Kathryn J. ; 'Grant,  Eddie R .  ' ; George 
Zinke 
> (E-mai l ) ;  Marvin Smith (E-mail);  Meneely, Timothy K . ;  'Michael Cambria'; 
> S t e v e  Routh (E-mail) ; Spencer Semmes (E-mail) ; 'Mundy, Thomas P. ' ; V i  juk, 
> Ronald P . ;  Winters,  James W . ;  Wayne Schof i e ld  (E-mail) 
> S u b j e c t :  RE: Data request  f o r  e a r l y  s i t e  permit a p p l i c a t i o n s  
> 
> < < F i l e :  Responses t o  ESP 8 Rl.doc>> 
> 
> H i  J i m ,  
> 
> Thanks f o r  your response. I am no t  s u r e  why you d id  not  r e c e i v e  a  page 3 
> I t  should  have Looked something like t h i s :  
> 
> Informat ion  on Spent Fuel Product ion/Transport  
> 
> 1. Spent Fuel Shipments 
> * Provide an es t imate  of t h e  q u a n t i t y  ( M T U )  of i r r a d i a t e d  f u e l  t h a t  
> can  



be transported in one legal weight truck cask [25 ton cask] or typical 
rail 
cask El00 ton cask], assuming 5 year cooling after discharge. 

[Note: Estimate should be in MTU (based on unirradiated MTU) and 
number of fuel units to allow 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 years 
rn G 
UL 

decay from fuel discharge 
4, Provide estimates of the spent fuel inventories and radioactivity, in 
Ci per MTU, after 5 years of decay 

* Fission product inventory 
* Actinide inventory 
* Total radioactivity 
* Krypton-85 inventory 

> [Note: If available, please provide a complete set of ORIGEN run results 
> (or other applicable code for the applicable reactor type) detailing the 
> spent fuel inventories at 5 years decay to answer questions 3 and 4 . 1  

> 
> As such, we will still need information on the number and types of spent 
> fuel shipment, average burnup, decay heat, etc. 
> 
> 
> Also if I may, one question on your latest submittal. In the attachment 
> "Responses to ESP 8 Rl", it states 1830 curies per year of solid waste. 
> The APlOOO Siting Guide document on pages 33 and 36 show 1100 curies per 
> year. 
> 
> Thank you. 
> 
> Bob 
> 
> phone 208 526-1463 

"Winters, James 

W." To: "Winters, James 
> W." 
> <winterjw@westing 
> <winterjw@westinghouse.com>, "'Michael Cambria'" 
> house.com> 
> <Michael.Cambria@parsons.com> 
> CC: If Mundy, Thomas 
> P'fr' 

12/13/2002 09:35 > 
> <thomas.mundy@exeloncorp.com>, "Cumins, Ed" - 
> AM 
> <cumminwe@westinghouse . corn>, "Vi juk, Ronald P. 

> 
> <eddie.grant@exeloncorp.com>, "Marvin Smith (E-mall)" 
> <Marvin - Smith@dom.com>, 
> "Robert L. Nitschke (E-mail) " 

<rln@inel. gov>, "Spencer 



Semmes (E-mail) " 

"Steve Routh (E-mail) " 

"Wayne Schofield (E-mail) " 

"George Zinke (E-mail) " 

"Vijuk, Ronald P. " 

<vi jukrp@westinghouse. corn>, "Demetri, Kathryn J. " 

<demetrkj @westinghouse. corn>, "Meneely, Timothy K. " 

<men'&eltk@westinghouse.com> 
Fax to: 

Subject: RE: Data request 
for early site permit 

applications 

With a little help from my friends, here are the answers to your 
questions. 
These also cover the eiiail you sent me later in the day on,the 9th. For 
the 
record, we never received the page 3 Bob talks about, so I hope you can 
apply this information to your page 3. 

Fuel reload data: 
> * Cycle Length - 18 months - 520 EFPD @ 3400 MWT 
> * Capacity Factor - 95% including refueling outage 
> * Reload fuel requirement - 68 Fuel Assemblies 
> * Average Enrichment - 4.51 w/o U235 
> 
> Spent fuel data: 

> * At 5 years decay, the average spent fuel assembly curie 
content : 
> Act inides 8.506E+04 curies 
> Fission Products 4.450Et05 curies , 

> Total 5.3013+05 curies 
> 
LLW from Decoiomissioning: 
* No AP1000 specific estimate has been made. Information from 
Sizewell indicates 6200 cubic meters of LLW from decommissioning. The 
APlOOO value should be significantly less (maybe half) considering the 
design differences . 

I have also incorporated this information into our response to ESP 8 
document. 

<<Responses to ESP 8 Rl.doc>> 

This information is also being added to our Siting parameters document. 
Thanks for your interest. 



> 
> Jim 
> 413-374-5290 
> 
> > ---------- 
> > From: Michael Cambria[SMTP:Michael.Cambria@parsons.com] . .  
> > Sent: Monday, December 09, 2002 12:14 PM 
> > To: 'Winters, James W.' 
> > Cc: 'Mundy, Thomas P.'; 'Cummins, Ed'; 'Vijuk, Ronald P.'; 
> 'Grant, Eddie 
> > R.'; Marvin Smith (E-mail); Robert L. Nitschke (E-mail); Spencer Semes 
> > (E-mail) ; Steve Routh (E-mail) ; Wayne Schofield (E-mail) ; George Zinke 
> > (E-mail) 
> > Subject: RE: Data request for early site permit applications 
> > 
> > Jim: 
> > 
> > I want to thank you for your input to our ESP 8 Questionnaire. After 
> > reviewing the information provided by you there is some additional data 
> > that is needed by us to complete our assessment. The main data items 
> that 
> > are missing from your response are the average enrichment for the reload 
> > 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 items are needed to calculate the fuel requirements on an 
> > average annual basis and the information on curies contained is needed 
> to 

look at transport impacts. 

If you could supplement your response with this information it would be 
greatly appreciated. Thank you for your cooperation. 

Regards, 

Mike 

----- Original Message----- 
From: Winters, James W. 
Sent: Tuesday, December 03, 2002 4:52 PM 
To: Winters, James W.; 'Grant, Eddie R.' 
Cc: Mundy, Thomas P.; Cummins, Ed; Winters, James W.; Vijuk, Ronald P.; 
Cambria, Michael 
Subject: RE: Data request for early site permit applications 

Here is our response table. Formal letter will be FEDEXed today. 

<<Responses to ESP 8.doc>> 

Jim 

---------- 
From : Grant, Eddie R.[SMTP:eddie.granr@exe10ncorp.com] 
Sent : Monday, November 11, 2002 2:37 PM 
To : James W. Winters (E-mail) 
Cc : Michael Cambria (E-mail); Mundy, Thomas P. 
Subject : Data request for early site permit applications 

<<File: ESP-08, info request, APlK.pdf>> 
As you are aware, Exelon Corporation, Dominion Resources Services, and 
Entergy Nuclear Potomac are currently developing Early Site Permit 



> (ESP) 
> > > applications to facilitate the future deployment of advance reactor 
> > design 
> > > concepts. The attached letter requests some additional information 
> > > necessary 
> > > to complete the environmental assessment for this effort. 
> > > 
> > > <<ESP-08, info request, APlK.pdf>> 
> > > 
> > > To meet the our schedule for submitting ESP Applications, it would be 
> > > beneficial if you could first provide existing data that is readily 
> > > retrievable and then follow-up with additional data as it becomes 
> > > available. 
> > > Your response is requested by November 27, 2002. 
> > > ' I  

> > > Thank you in advance for your cooperation in this matter. 
> > > 
> > > Please direct your responses to the attention of Michael J. Cambria 
> at: 
> > > 
> > > Parsons Energy and Chemicals 
> > > 2675 Morgantown Road 
> > > Reading, PA 19607 
> > > Email: michael.cambria@parsons.com 
> <mailto:michael.cambria~parsons.com> 
> 
> > > (610) 855-2049 
> > >  
> > > Should you have any questions or require additional clarification 
> > > regarding 
> > > the information requested by the attached questionnaire, please 
> contact 
> > > Robert L. Nitschke of INEEL at (208) 526-1463 or by email at 
> > rln@inel.gov 
> > > <mailto:rln@inel.gov> . 
> > >  
> > >  
> > > Eddie R Grant 
> > > Exelon ESP Project 
> > > 610-765-5001 Office 
> > > 610-765-5545 Fax 
> > > 850-598-9801 Cell 
> > >  
> > >  
> > >  
> > >  
> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * x * * * , * * * *  

> > > This e-mail and any of its attachments may contain Exelon Corporation 
> > > proprietary information, which is privileged, confidential, or subject 
> > > to copyright belonging to the Exelon Corporation family of Companies. 
> > > This e-mail is intended solely for the use of the individual or entity 
> > > to which it is addressed. If you are not the intended recipient of 
> this 
> > 
> > > e-mail, you are hereby notified that any dissemination, distribution, 
> > > copying, or action taken in relation to the contents of and 
> attachments 
> 
> > > to this e-mail is strictly prohibited and may be unlawful. If you 
> have 
> 



> > > received this e-mail in error, please notify the sender immediately 
> and 
> 
> > > permanently delete the original and any copy of this e-mail and any 
> > > printout. Thank You. 
> > >  * .  

> ************************************************************************  

> > >  
> > 
> (See attached file: Responses to ESP 8 R1,doc) 
> 
> 

Responses to ESP 8 R2APl000 SF Curie. 



onses to ESP 8: Reactor Vendor uestionnaire 
Revision 2 

Information on Annual Fuel Requirements 

I .  Standard Technical Configuration 

Reactor Power 3400 MWt 
Plant Power 1117- 1150 MW, 
Number of Plants per Unit 

. , , 8  

1 

2. Expected Fuel Loading 

Initial Core Fuel Loading 84.5 MTU 

Annual Average Fuel Loading 24.4 MTU 

3. Average Fuel Enrichment (initial load) 

Region 1 
Region 2 
Region 3 

2.35 weight % U-235 
3 -40 weight % U-235 
4.45 weight % U-235 

4. Fuel Form 

Fuel Assembly Drawing See attached figure 

Total mass 1730 Ib/assembly 
Uranium mass 0.5 3 83 MTUlassembly 
Volume (FA envelope) 13404.3 in3 

Outside Dimensions 8.426~8.426~188.8 in 
Number of Assemblies (Initial) 157 
Number of Assemblies (Reload) 68 on 18 month cycle 

5. Fuel Materials 

Fuel 21 1,588 Ib UOz 
Structure and Cladding 43,105 lb Zircaloy or Z I ~ U O ~  

270 lb Alloy 7 18 (top & bottom Grids for 157 assemblies) 

6. Expected Typical Transport Truck 

7. New Fuel Transport Containers 

Capacity 2 assemblies per container 
Shipping 6 containers per truck 

8. Fuel reload data: 

Cycle Length 18 months - 520 EFPD @ 3400 MWT 



Capacity Factor 95% including refueling outage 
Reload he1 requirement 68 Fuel Assemblies 
Average Enrichment 4.51 w/o U235 

9. Spent fuel data: 

At 5 years decay, the average spent fuel assembly curie content: 
Actinides 8.506Ee04 curies 
Fission Products 4.450E-t-05 curies 
Total 5.301Et05 curies 

10. Spent Fuel Shipping Information 

Ouantitv of spent fuel (MTU): 
Truck Cask To be provided later 
Rail Car Cask To be provided later 

11. Average Fuel Burnup 

Expected 21000 MWDMTU (3400 MWt x 520 efkd / 84.5 MTUl 
Desim 60000 MWDNTU 

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 ~ ~ 1 0 0 0 .  We therefore 
have estimated decav heat based on ANS 1979 standards, with 0 sigma marain, at five vears to be 
1.127E-4 wattslwatt. With core power of 3400 MW and core loadinu of 84.5 MTU, the estimated 
specific decav heat for API 000 is 4530 wattslMTU. 

13. Estimates of spent fuel inventories and radioactivity 

ORIGEN results for spent fuel inventories and radioactivity are addressed by API000 document APP- 
SSAR-GS2-496. This is based on one burned AP1000 assembly, decaved to 5 years. (Note that 
ORIGEN was run assuminq a core loadinci of 83.6 MTU.) The 5 vear decay data is in the last column 
jas label indicates). Also note that the inventory units are total Curies (based on 532337.6 arams for 
an assernblvk 



L 

Information on Expectec 

1. LLW Production 

d Low Level Waste Pr oduction 
- .  

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

2. LLW from Decommissioning 

No ' h l 0 0 0  specific estimate has been made. lnfonnation fiom Sizewell indicates 6200 cubic meters 
of LLW fiom decommissioning. The APlOOO value should be significantly less (maybe halo 
considering the design differences. 







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

Code: ORIGEN2 
Version: 2.1.1 

Configuration: February 3, 1995 
Execution: November 30, 2001 16:51:38.57 

Control Number: 5342983194974 

A record of configured versions exists in the 
Westinghouse Engineering Technology 
Configuration Control Department. 

1 
PAGE 231 
ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ ACTINIDES+DAUGHTERS 

POWER= 2.165433+01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.823+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. OHR 1.OD 100.OHR 7.OD 30.OD 90.OD 180.OD 1. OYR 5. OYR 

HE 4 0.0003+00 0.000Ec00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.000Et00 0.0003+00 
TL2 0 6 4.0433-18 4.0433-18 4.0433-18 4.0433-18 4.0433-18 4.0433-18 4.0433-18 4.0433-18 4.0433-18 4-0433-18 
TL2 0 7 3.4473-08 3.4403-08 3.4403-08 3.4393-08 3.4373-08 3.3903-08 3.4093-08 3.6843-08 4-4363-08 1.2543-07 
TL2 0 8 9.1913-04 9.6353-04 9.6413-04 9.2793-04 9.3633-04 1.0143-03 1.2673-03 1.6603-03 2.6173-03 1.1543-02 
TL209 1.439E-08 1.4413-08 1.44l.E-08 1.428E-08 2.3973-08 9.592E-09 4.8933-09 4.468E-09 4.4693-09 4,5413-09 
PB206 0.0003+00 0.0003+00 0.0003+00 0.000Et00 0.0003+00 0.0003+00 0.000E+00 0.000E+00 0.0003+00 0.0003+00 
PB207 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 
PB2 0 8 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.000EtOO 0.000E+00 0.000E+00 0.0003+00 0.000E+00 
PB209 6.6763-07 6.2343-07 6.2023-07 6.6113-07 6.4663-07 4.4413-07 2.2653-07 2.0693-07 2.0693-07 2.1023-07 
PB210 3.794E-09 3.800E-09 3.8056-09 3.8383-09 3.8643-09 4.0053-09 4.0953-09 4.0823-09 4.0223-09 3.6933-09 
PB211 3.4573-08 3-4493-08 3.4493-08 3.4483-08 3.446E-08 3.4003-08 3.4183-08 3.6953-08 4.4493-08 1.2583-07 
PB212 2.5503-03 2.5583-03 2.5603-03 2.5813-03 2.6033-03 2.8233-03 3.5253-03 4.6203-03 7.2833-03 3-2123-02 
PB214 9.9323-11 9.9473-11 9.9563-11 1.002E-10 1.0083-10 1.0603-10 1.2293-10 1.5123-10 2.3163-10 2,8933-09 
BI208 5.3613-18 5.3613-18 5.3613-18 5.3613-18 5.3613-18 5.3613-18 5.3613-18 5.3613-18 5.3613-18 5.3603-18 
BI209 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.000E+00 0.0003+00 0.000E+00 0.0003+00 
BI210M 4.0593-18 4.0593-18 4.0593-18 4.0593-18 4.0593-18 4.0593-18 4.0593-18 4.0593-18 4.0593-18 4.0593-18 
BI210 3.7503-09 3.7533-09 3.7573-09 3.7803-09 3.8043-09 3.9673-09 4.0993-09 4.0843-09 4.0243-09 3.6953-09 
BI211 3.4573-08 3.4493-08 3.4493-08 3.4483-08 3.4463-08 3.4003-08 3.4183-08 3.6953-08 4.4493-08 1.2583-07 
B1212 2.558E-03 2.6823-03 2.6833-03 2.5833-03 2.6063-03 2.8233-03 3.5253-03 4.6203-03 7.2833-03 3,2123-02 
BI213 6.6623-07 6.6713-07 6.6743-07 6.611E-07 6.4663-07 4.4413-07 2.2653-07 2.0693-07 2.0693-07 2.1023-07 
BI214 9.9323-11 9.9473-11 9,9563-11 1.0023-10 1.0083-10 1.060E-10 1-2293-10 1.512E-10 2.3163-10 2.8933-09 
PO210 2-2623-09 2.2663-09 2.2703-09 2.2933-09 2.3143-09 2.4863-09 2.8803-09 3.2993-09 3.7173-09 3.697E-0.9 

. . - 
Page: 1 
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File: R:\AP1000 SF Curie.out 12/18/02, 12:03:43AM 
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1 
PAGE 232 
ORIGEN2 V2.1 (8-1-911, Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ 

POWER= 2.165433+01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.823+14 N/CM**~-SEC 
7 NUCLIDE TABLE: RADIOACTIVITY, CURIES 

One Asy at 4.728 w/o; Region-wise Power to 54 GWD/MTU 
2xBurned 12. OHR 1.OD 100.OHR 7.OD 30. OD 90.OD 18O.OD 1. OYR 5. OYR 
1.3293-02 1.0963-02 9.2813-03 5.4753-03 5.0093-03 4.9213-03 4,9223-03 4.9223-03 4.9223-03 4.9233-03 
2.9803-11 2.9813-11 2.9833-11 2.9923-11 3.0003-11 3.0663-11 3.2383-11 3.4953-11 4.0263-11 8.2123-11 
2.9713-02 4.6313-12 7.2173-22 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 
1.6263-01 1.6263-01 1.6263-01 1.6263-01 1.6263-01 1.6253-01 1.6243-01 1.6243-01 1.6243-01 1.6243-01 
3.9673-07 3.9713-07 3.9743-07 3.9863-07 3.9953-07 4.0653-07 4.2403-07 4.5013-07 5.0343-07 9.2023-07 
1.9863-02 1.5253-02 1.1703-02 2.1913-03 4.8953-04 2.5423-09 4.1643-23 0.0003+00 0.0003+00 0.0003+00 
4.6613-01 4.6613-01 4.6623-01 4.666E-01 4.6703-01 4.7153-01 4.7703-01 4.7843-01 4.7863-01 4.7933-01 
1.7293-01 1.6263-01 1-6263-01 1.6263-01 1.6263-01 1.6253-01 1.6243-01 1.6243-01 1.6243-01 1.6243-01 
1-0473-02 3.1773-03 1.0683-03 2.1183-04 2.1153-04 2.1123-04 2.1113-04 2.1113-04 2.111E-04 2.1113-04 
1.9653-07 1.9953-16 2.0253-25 0.0003+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 
1.3643-07 1.3423-07 1.3193-07 1.1873-07 1.0803-07 5.0203-08 6.7973-09 3.3873-10 7.0583-13 0.0003+00 
4.1133-05 3.7873-05 3.4873-0s 2.0683-05 1.2966-05 2.9113-07 1.4583-11 5.1713-18 2.7383-31 0.0003+00 
1.1863-02 1.1883-02 1.1893-02 1.2003-02 1.2103-02 1.2883-02 1.4863-02 1.7683-02 2.2943-02 4.6943-02 
2.9393-06 2,9423-06 2.9453-06 2.9633-06 2.9783-06 3.1083-06 3.4493-06 3.9643-06 5.0253-06 1.3403-05 
1.9773-02 1.9803-02 1.9823-02 1.9373-02 2.0103-02 2.1193-02 2.4053-02 2.8363-02 3.7283-02 1.0713-01 
4.9213-03 4.9213-03 4.9213-03 4.9213-03 4.9213-03 4.9213-03 4.9223-03 4.9223-03 4.9223-03 4.9233-03 
2.1213-01 2.1213-01 2.121E-01 2.1213-01 2.121E-01 2.1213-01 2.1213-01 2.1213-01 2.1213-01 2.1223-01 
1.1133+06 1.0573+06 1.0043+06 7.2533+05 5.4223+05 5.110E+04 1.0983+02 2.1303+00 2.0693+00 1.7063+00 
1.6243-01 1.6243-01 1.6243-01 1.6243-01 1.6243-01 1.6243-01 1.6243-01 1.6243-01 1.6243-01 1.6243-01 
1.5643+07 9.6423-03 5.9463-12 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 
2.615E+01 1.4503+01 8.0383+00 1.917E-01 6.7753-03 1.7043-06 1.7043-06 1.7043-06 1.7043-06 1.7043-06 
7.1503-05 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.000E+00 0.0003+00 0.0003+00 0.0003+00 
1.1273-02 1.1263-02 1.1253-02 1.1193-02 1.1133-02 1.070E-02 9.6293-03 8.2263-03 5.9483-03 4.6133-04 
1.4673+01 1.0133+01 7.0023+00 6.7363-01 8.2913-02 3.4153-09 1.8513-28 0.0003+00 0.0003+00 0.0003+00 
9.4863-06 9.4863-06 9.4863-06 9.4863-06 9.4863-06 9.4863-06 9.4863-06 9.4863-06 9.486E-06 9.4863-06 
4.6903-01 4.6943-01 4.6993-01 4.7233-01 4.7393-01 4.7813-01 4.7863-01 4.7863-01 4.7863-01 4.7933-01 
7.5553+05 6.4143+05 5.4453+05 1.9313+05 7.6353+04 4.1013+01 6.7013-02 6.6933-02 6.6783-02 6.5573-02 
1.561E+07 1.3573+07 1.1713+07 4.6133+06 2.0043+06 2.3473+03 3.3433+01 3.3433+01 3.3433+01 3.3423-1-01 
5.3313+03 1.4633+01 8.1093+00 1.9343-01 6.8353-03 1.7043-06 1.7043-06 1.7043-06 1.7043-06 1.7043-06 
2.5903+04 1.1993+01 5.5513-03 4.2263-24 0.0003+00 0.000Ei00 0.0003+00 0.0003+00 0.000Ei00 0.0003+00 
7.1503-05 2.0343-18 6.8453-32 0.0003+00 0.0003+00 0.000Ei00 0.0003+00 0.0003+00 0.000Ei00 0.000E+00 
1.3103+00 1.3123+00 1.3133+00 1.3133+00 1.3103+00 1.2913+00 1.2403+00 1.1683+00 1.0323+00 3.9043-01 
7.5253+00 7.4683+00 7.4113+00 7.0633+00 6.7653+00 4.7693+00 1.9163+00 4.8783-01 2.9203-02 6.6143-12 
6.0503+03 6.0583+03 6.0643+03 6.0903+03 6.1003+03 6.1213+03 6.1543+03 6.1873+03 6.2153+03 6.0653+03 
2.5083+02 2.5143+02 2.5193+02 2.5383+02 2.5453302 2.5503+02 2.5503+02 2.5503+02 2.5503+02 2.5503+02 
5.3833+02 5.3833+02 5.3833+02 5.383Et02 5.383E+02 5.3843+02 5.3853+02 5.388E+02 5.3923+02 5.4253+02 
8.8483+04 8.8483+04 8.8473+04 8.8433+04 8.8403+04 8.8133+04 8.744Ei-04 8.641Et04 8.4323+04 6.956E+04 

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

1 OUTPUT UNIT = 6 
PAGE 233 
ORIGEN2 V2.1 (8-1-911, Run on 11/30/01 at 16:51:51 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ i 

ACTINIDES+DAUGHTERS 
POWER= 2.165433+01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.823+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. OWR 1.OD 100.OHR 7.OD 30. OD 90.OD 18O.OD 1. OYR 5. OYR 
AM246 1.4843-03 1.4403-03 1.3943-03 1.1393-03 9.5043-04 2-1873-04 4.7323-06 1.5083-08 1.0873-12 9.7813-13 
CM2 4 1 2.3403-02 2.3183-02 2.2963-02 2.1603-02 2.0453-02 1.3143-02 4.1373-03 7.3143-04 2.0663-05 1.2543-17 
CM242 4.0663+04 4.0663+04 4.0623+04 4.0153+04 3.9673+04 3.5983+04 2.7893+04 1.9033+04 8.6713+03 2.8293+01 
CM243 3.4623+01 3.4623+01 3.4623+01 3.4613+01 3.4613+01 3.4553+01 3.4413+01 3.4213+01 3.3793+01 3.0663+01 
CM2 4 4 9.3883+03 9.3893+03 9.3883+03 9.3853+03 9.3833+03 9.3603+03 9.3013+03 9.2143+03 9.0373+03 7.7543+03 
CM245 1.2063+00 1.2063+00 1.2063+00 1.2063+00 1.206E+00 1.2063+00 1.2063+00 1.2063+00 1.2063+00 1.2053+00 
CM2 4 6 4.8143-01 4.8143-01 4.8143-01 4.8143-01 4.8143-01 4.8143-01 4.8143-01 4.8143-01 4.814E-01 4.8113-01 
CM247 2.7733-06 2.7733-06 2.7733-06 2.7733-06 2.7733-06 2.7733-06 2.7733-06 2.7733-06 2.7733-06 2.7733-06 
CM248 1.4483-05 1.4483-05 1.4483-05 1.4483-05 1.4483-05 1.4483-05 1.4483-05 1.4493-05 1.449E-05 1.4503-05 
CM249 7.5023-01 3.1493-04 1.3543-06 1.0803-06 9.6763-07 3.9543-07 3.8283-08 1.1533-09 8.5373-13 0.0003+00 
CM2 5 0 3.681E-12 3.6823-12 3-6833-12 3.6913-12 3.6993-12 3.7483-12 3.8303-12 3.8843-12 3.909E-12 3.9123-12 
CM2 5 1 2.1773-10 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 
BK249 8.2313-02 8.2333-02 8.2243-02 8.1683-02 8.1183-02 7.7253-02 6.7853-02 5.5843-02 3.7383-02 1.5793-03 
BK250 3.5383-01 2-6783-02 2.0313-03 4.6573-06 4.6243-06 4.3643-06 3.7533-06 2.9933-06 1.8793-06 4.7713-08 
BK2 5 1 2.1223-04 3.3443-08 5.2693-12 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 
CF249 2.9543-05 2.9763-05 2.9993-05 3.1393-05 3.2643-05 4.2503-05 6.6023-05 9.6023-05 1.4203-04 2.2993-04 
CF2 5 0 1.3293-03 1.3393-03 1.3393-03 1.3393-03 1.3383-03 1.3343-03 1.3223-03 1.3053-03 1.2703-03 1.0283-03 
CF2 5 1 1.0303-05 1.0303-05 1.0303-05 1.0303-05 1.0303-05 1.0303-05 1.0303-05 1.0303-05 1.0293-05 1.0263-05 
CF2 5 2 3.4513-03 3.4493-03 3.4483-03 3.4403-03 3.4333-03 3.3773-03 3.2343-03 3.0313-03 2.6533-03 9.2753-04 
CF253 4.0883-04 4.0093-04 3.9323-04 3,4763-04 3.1133-04 1.2723-04 1.2323-05 3.7123-07 2.7473-10 0.0003+00 
CF254 7.8803-06 7.8353-06 7.7913-06 7.5133-06 7.2743-06 5.5893-06 2.8103-06 1.0023-06 1,2003-07 6.4523-15 
CF2 5 5 1-3253-06 5.1733-09 2.021E-11 1.1313-26 0.0003+00 0.000E+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 
ES253 2.6523-04 2.6753-04 2-6973-04 2.7973-04 2.8413-04 2.3513-04 5.9973-05 4.2753-06 1.0923-08 4.1763-30 
ES254M 2.9733-05 2.4063-05 1.9473-05 5.0953-06 1.5363-06 9.0803-11 8.4723-22 0.0003+00 0.0003+00 0.0003+00 
ES254 4.7043-06 4.6983-06 4.6923-06 4.6553-06 4.6223-06 4.3623-06 3.7513-06 2.9923-06 1.8783-06 4.7693-08 
ES255 9.9493-07 9.8823-07 9.7943-07 9.2583-07 8.8043-07 5.8503-07 2.0143-07 4.0673-08 1.5123-09 7.9873-21 
SF250 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.0003+00 0.000E+00 0.0003+00 0.0003+00 O.OOOE+OO 
TOTAL 3.4153+07 1.5553+07 1.3453+07 5.6773+06 2.7673+06 1.9413+05 1.3203+05 1.2193+05 1.0943+05 8.5063+04 
0 CUMULATIVE TABLE TOTALS 



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

1 
PAGE 234 
ORIGEN2 V2.1 (8-1-911, Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ 

POWER= 2.165433+01 MW, BURNUP- 3.381103+04 MWD, FLUX= 3.82E+14 N/CM**~-SEC 
7 NUCLIDE TABLE: RADIOACTIVITY, CURIES 

FISSION PRODUCTS 

One Asy at 4.728 w/o; Region-wise Power to 54 GWD/MTU 
2xBurned 12. OHR 1.OD 100.OHR 7. OD 30. OD 90.OD 180.OD 1. OYR 5. OYR 
5.5193+02 5.519E+02 5.518E+02 5.5153+02 5.5133+02 5.494Et02 5.4433+02 5.3683+02 5.218Ec02 4.1683+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 O.OOOE+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 O.OOOE+00 0.000E+00 0.000E+00 
2.9663-06 2.9663-06 2.9663-06 2.9663-06 2.9663-06 2.9663-06 2.9663-06 2.966E-06 2.9663-06 2.9663-06 
1.196E-04 1.196E-04 1.1963-04 1.1963-04 1.1963-04 1.1963-04 1.1963-04 1.1963-04 1-1963-04 1.1953-04 
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 
3.7363-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 
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 
8.3183-11 7.2723-11 6.357E-11 2.7133-11 1.266E-11 2.6083-14 2.5643-21 6.8453-32 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 
2.6333-02 1.0423-03 5.6753-04 1.234E-05 4.0163-07 3.3773-19 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.7703-03 9.6693-04 5.2833-04 1.149E-05 3.7403-07 3.1453-19 0.000E+00 O.OOOE+OO O.OOOE+OO 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 
3.1763-04 1.6973-14 9.0703-25 0,00OE+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 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
3.7493-03 2.3793-08 2.8503-09 4.1553-15 2.4923-20 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
3.9313-04 4.7093-05 5.6423-06 8.2253-12 4.9343-17 0.000E+00 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
0.0003+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 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.159E+00 0.000E+00 0.000E+00 O.OOOE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.1663+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei-00 O.OOOE+OO O.OOOE+OO 0.000E+00 0.000E+00 
4.2233+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 
4.988E+01 4.1723+01 3.4883+01 1.124E+01 4.0773+00 1.0893-03 5.1843-13 5.387E-27 0.000E+00 0.000E+00 
5.0063+01 4.7933+01 4.3443+01 1.5973+01 5.8463+00 1.562E-03 7.4403-13 7.7313-27 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 
3.8133-01 O.OOOE+OO O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.8363+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 
5.4243+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 
8.8343+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 
9.3283+01 1.699E+01 3.091E+00 6.3453-05 4.0573-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+00 0.000E+00 
9.3363+01 1.699E+01 3.091E+00 6.3463-05 4.0583-09 0.000E+00 0.000E+00 0.000E+O0 O.OOOE+OO O.OOOE+OO 
7.1923-02 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 
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1 
PAGE 235 
ORIGEN2 V2.1 (0-1-911, Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ 

POWER= 2.165433+01 MW, BURNUP= 3.38110E+04 MWD, FLUX= 3.823+14 N/CMf*2-SEC 
FISSION PRODUCTS 
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0 0 0 0 0 0 0 0 0 0 0 0 P 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  
+ + + + + + + + + + + + I +  
W W W W W W W W W W W W W W  
0 0 0 0 0 0 0 0 0 0 0 0 m 0  
0 0 0 0 0 0 0 0 0 0 0 0 w 0  
0 0 0 0 0 0 0 0 0 0 0 0 w 0  . . . . . . . . . . . . . .  
O O O O O O O O O O O O P O  

o o o o o o o o o o o w o o  
t + + + + + + + + + + + i  + 
W W W W W W W W W W W W W W  
0 0 0 0 0 0 0 0 0 0 0 0 m 0  
o o o o o o o o o o o o w o  
0 0 0 0 0 0 0 0 0 0 0 0 w 0  

+ + + + + + + + + + + + I  + 
W W W W W W W W W W W W W W  
0 0 0 0 0 0 0 0 0 0 0 0 ! n 0  
0 0 0 0 0 0 0 0 0 0 0 0 w 0  
0 0 0 0 0 0 0 0 0 0 0 0 w 0  

0 0 0 0 0 0 0 0 0 0 0 0 P 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  
+ + + + + + + + + + + + 1 +  
W W W W W W W W W W W W W W  
0 0 0 0 0 0 0 0 0 0 0 0 m 0  
O O O O O O O O O O O O ~ O  
0 0 0 0 0 0 0 0 0 0 0 0 w 0  . . . . . . . . . . . . . .  
0 0 0 0 0 0 0 0 0 0 0 0 b 0  

+ + + + + + + + + + + + I +  
W W W W W W W W W W W W W W  
0 0 0 0 0 0 0 0 0 0 0 0 m 0  
O O O O O O O O O O O O I O  
0 0 0 0 0 0 0 0 0 0 0 0 w 0  

o m m o o o o o o o o o r - o  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  
+ I  I + + + + + + + + + I  + 
W W W W W W W W W W W W W W  
O ~ ~ O O O O O O O O O ~ O  
0 m m 0 0 0 0 0 0 0 0 0 w 0  
0 0 m 0 0 0 0 0 0 0 0 0 w 0  



m -. W G  o o o o o o ~ o o o o o o o o ~ o w o o 0 0 0 0 0 0 0 0 0 0 o m ~ 1 0 0 0 0  
1 1 n - ~ n o o o o o o o o o o o o o o o ~ o ~ o o o o o o o o o o o o o o o o o o o  
X I X S q + + + + + + + + + + + + + + + l + I + + + + + + + + + + + + + + l + + + +  

W W W W W W W W M W W W W W W W W W W W W W W W W W W W W W E I W W W W W W  
$ S A c - - o o o o o o m o o o o o a o o m o r l o o o o o o o o o o o o o m r f o o o o  
h o ~ o o o o o ~ o o o o o o o o w o m o o o o o o o o o o o o o o ~ ~ ~ ~ ~ ~  

-rl o o o o o o w o o o o o o o o ~ ~ o ~ o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m m ~ ~ ~ ~  . m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,  
.*aJ 0 0 0 0 0 0 N 0 0 0 0 0 0 0 0 ~ O r l 0 0 0 0 0 0 0 0 0 0 0 0 0 w u , o o o o  

n E-r a: 

G 3 - i  o o o o o o m o o o o o o m o r l o m o o o o a o o o o o o o o m m o o o o  
m ~ O O O O O O O O O O O O O ~ O O O ~ O O O O O O O O O O O O O O O O O O O  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m - a  ~ W W W W W W W W W W W W W W W ~ W W W W ~ W W W ~ W W W W W W ~ W W W W W  

r l o o o o o o c n o o o o o o ~ o o o w o ~ ~ ~ m ~ ~ ~ ~ ~ o ~ ~ ~ m ~ o o o  " Y k  0 0 0 0 0 0 U I 0 0 0 0 0 0 w 0 F 0 w 0 0 0 0 ~ 0 0 0 0 0 0 0 0 d d 0 0 0 0  
O O O O O O ~ O O O O O O ~ O ~ O ~ O O O O U I O O O O O O O O ~ O O O O O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o o o o o o q o o o o o o d o w o m o o o o a o o o o o o o o w m o o o o  

0 )  
~ W ~ ! X o o o o o o m o o o o o o u o m ~ m o o o o ~ o o o o o o o o m v o o o o  
m n 0 x 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
H O + + + + + + + + + + + + + l + i + + + + i + t + + + + + + + i + + + + + +  
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File: D:\AP1000 SF Curie-out 12/18/02, 12:03:43AM -- 
KR 92 1.4403+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 
RB 92 4.4963+05 0.000E+00 0.000E+00 0,00OE+00 0.000E+00 0.000E+00 O.OOOEiO0 0.000E+00 0.000E+00 0.000E+00 
SR 92 6.2293+05 2.8953+04 1.3453+03 4.8583-06 1.3583-13 0.000E+00 0.000Ei00 0.000E+00 0.000E+00 0.000E+00 
Y 92 6.269E-t-05 1.5933+05 1.9826+04 8-2873-03 1.3643-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
ZR 92 0.000Ef00 0.000Et00 0.000E+00 0.000E+00 0.000Ee00 0.000E+00 0.000E+00 0.000Et00 0.000E+00 0.000Et00 
NB 92 3.1543-06 3.048E-06 2.946E-06 2.3743-06 1.9563-06 4.0743-07 6.7963-09 1,4653-11 4.7543-17 0.000E+00 
SE 93 0.000E+00 0.000E+00 0.000E-t-00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
BR 93 6.996E+02 0.000E+00 0.000E+00 0.000E+00 0.000Ef00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 
KR 93 5.5263+04 O.OOOE+OO 0.000E+00 0.000Ei-00 0,00OE+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
RB 93 3.475E-t-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 0.000Ei00 
SR 93 7.3683+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000EiOO 0.000Ei00 0.000E+00 0.000E+00 
Y 93 7.5983+05 3.3763+05 1.4813+05 8.042Ei-02 7.562E+00 2.6693-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
ZR 93 1.771E+00 1.771E+00 1.771E+00 1.771E+00 1.771E+00 1.771Ei00 1.771E+00 1.771E+00 1.771E+00 1.771E+00 
NB 93 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 0.000E+OO 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 



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

1 
PAGE 238 
ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ 

POWER= 2.165433+01 MW, BURNUP= 3.38110E+04 MWD, FLUX= 3.82E+14 N/CM**2-SEC 
FISSION PRODUCTS 

7 NUCLIDE TABLE: WIOACTIVITY, WRIES 
One Asy at 4.728 w/o; Region-wise Power to 54 GWD/MTU 

2xBurned 12. OHR 1.OD 100.OHR 7.OD 30.OD 90.OD 180.OD 1. OYR 5. OYR 
1.870E-01 1.871E-01 1.8723-01 1.8793-01 1.8853-01 1.9333-01 2.0573-01 2.2413-01 2.6133-01 5.2353-01 
6.2133+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 
1.7043+04 0.000Et00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.8783+05 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 
7.052E+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 
7.8693+05 3.7593-06 1.6883-17 0.000E+00 0.000E+OO 0.000E+00 0.000E+00 0.000E-t-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 
1.4673-04 1-4673-04 1.4673-04 1.4673-04 1.4673-04 1.4673-04 1.4673-04 1.4673-04 1.4673-04 1.4663-04 
8.7543-01 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
5.9593+00 0.000Et00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
3.2873+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 
9.1823+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 
6.562E+05 0.000E+00 0.000E+00 0,00OE+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000Ei-00 0.000E+00 0.000E+00 
8.6983+05 2.0483-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E-t-00 0.000E+00 0.000E+00 0.000E+00 
9.0193+05 8.9713+05 8.922E+05 8.6213+05 8.3613+05 6.5173+05 3.4023+05 1.2833+05 1.725E-t-04 2.3053-03 
9.0673+05 9.0663+05 9.0653+05 9.0473+05 9.03.73+05 8.4033+05 5.6943+05 2.5333+05 3.7463+04 5.1183-03 
6.3903+03 6.3813+03 6.3713+03 6.2613+03 6.1243+03 4.8343+03 2.524Et03 9.5193+02 1.2793+02 1.710E-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 
3.168E-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 
5.0203+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 
2.9683+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 
4.551Ec05 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 
8.297E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+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 0.000Ei00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.658Et03 1.8626+03 1.304E+03 1.3663+02 1.814E+01 1.3883-06 3.7823-25 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 
3.2773+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 
5.823Ec03 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 
2.4373+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 
7.2273+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 
9.5253+05 5.8223+05 3.5593+05 1.5763+04 9.691E+02 1.425E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
9.628E+05 5.8613+05 3.5833+05 1.5843+04 9.7403+02 1.5363-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
9.036Ec05 5.515E+05 3.3713-1-05 1.493Ec04 9.180Ec02 1.3503-07 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 
3.801E+00 0.000E+OO O.OOOE+OO O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.425E1-03 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 . 
9.912E+04 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+40 

-- 
Page: 14 
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File: D:\AP~OOO SF Curie.out 12/18/02, 12:03:43AM 

1 
PAGE 239 
ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ 

POWER= 2.16543Ec01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.82E+14 N/CM**2-SEC 
FISSION PRODUCTS 

0 

TC 99M 
RU 99 
RBlOO 
SRlOO 
YlOO 
ZRlO 0 
NBlOO 
NBlOOM 
MOlOO 
TClOO 
RUlO 0 
RBlOl 
SRlOl 
YlOl 
ZRlOl 
NBlOl 
MOlOl 
TClOl 
RUlOl 
SR102 
Y102 
ZR102 
NB102 
M0102 
TC102 
TC102M 
RU10 2 
RH10 2 
PD102 
SR103 
Y103 
ZR103 
NB103 
M0103 
TC103 
RU10 3 

RH103 
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File: D:\AP1000 SF Curie.out 12/18/02, 12:03:43AM -- 
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File: ~:\AP1000 SF Curie-out 12/18/02, 12:03:43AM 
-- 

1 
PAGE 240 
ORLGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ 

POWER= 2.16543E+01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.823+14 N/CM**2-SEC 
FISSION PRODUCTS 

0 

M010 5 
TC105 
RUl 0 5 
RH105 
RHIO5M 
PD105 
Y106 
ZR106 
NB106 
M010 6 
TC106 
RU10 6 
RH106 
RH106M 
PD106 
AG106 
Y107 
ZR10 7 
NB107 
M0107 
TC107 
RU107 
RH107 
PD107 
PD107M 
AG107 
ZR10 8 
NB108 
M0108 
TC108 
RUlO8 
RH108 
RH108M 
PD10 8 
AGIO8 
AG108M 
CD10 8 

7 NUCLIDE TABLE: RADIOACTIVITY, CURIES 
One Asy at 4.728 w/o; Region-wise Power to 54 GWD/MTU 

2xBurned 12. OHR 1.OD 100.OHR 7. OD 30. OD 90.OD 180.OD 1. OYR 5. OYR 
6.2273+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 
7.7583+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 
7.9743+05 1.2653+05 1.9413+04 1.3623-01 3.3313-06 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 
7.1133+05 6.3763+05 5.1553+05 1.1683+05 3.0813+04 6.159E-01 3.3943-13 1.3693-31 0.000E+00 0.000E+00 
2.2333+05 3.5513+04 5.4523-1-03 3.8243-02 9.3533-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
O.O00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+00 0.000E+00 0.000E+00 
4.3743+02 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 
2.6523+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 
3.4163+05 0.000E+00 0.000E-1-00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
5.6173+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0,00OE+00 0.0003+00 
4.814E+05 4.8093+05 4.8053+05 4.7763+05 4.7513+05 4.5493+05 4.064E+05 3.4303+05 2.4203+05 1.5463+04 
5.4073+05 4.8093+05 4.8053+05 4.7763+05 4.7513+05 4.5493+05 4.0643+05 3.430E+05 2.420E+05 1.5463+04 
2.7123+04 6.1843+02 1.410E+01 5.6243-10 2.7893-19 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 
1.0743-06 1.031E-06 9.8963-07 7.6443-07 6.0673-07 9.2983-08 6.9733-10 4.5293-13 1.2463-19 0.000E+00 
3.8723-03 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 
1.9623+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 
4.0533+03 0,00OE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.2493+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 0.000E+00 0.0003+00 
3.1243+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 
4.8283+05 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 
4.8533+05 6.278E-05 6.4533-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.252E-01 1.2523-01 1.252E-01 1.2523-01 1.252E-01 1.2523-01 1.2523-01 1.252E-01 1.252E-01 1.2523-01 
1.5083+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+OO 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 
7.060E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 
9.1513+02 0,00OE+00 0,00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
3.5783+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 
1.8293+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003-1-00 0.000E+00 0.000E+00 0.000E+00 
3.3513+05 0.0003+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 
3.3843+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 0.0003+00 
3.2293+03 0.000E+00 0.0003+00 0.000E+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+OO 0.000E+00 O.OOOE+OO 
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 
2.081E+00 3.262E-06 3.2623-06 3.2613-06 3.2613-06 3.2603-06 3.2573-06 3.2533-06 3.2443-06 3.1743-06 
3.665E-05 3.6653-05 3.6653-05 3.6653-05 3.6643-05 3.6633-05 3.6603-05 3.6553-05 3-6453-05 3.5663-05 
0.000E+00 O.OOOE+OO O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+40 
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File: ~ : \ ~ P 1 0 0 0  SF Curie.out 12/18/02, 12:03:43AM 
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F i l e :  ~:\AP1000 SF Curie.out 12/18/02, 12:03:43AM 
- 

1 
PAGE 241 
ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51 

OUTPUT U N I T  = 6 

* APlOOO U 0 2  Case - Decayed Average Assembly Activities 
+ 

POWER= 2.165433+01 MW. BURNUP= 3.381103+04 MWD. FLUX= 3.823+14 N/CM**2-SEC 
FISSION PRODUCTS 

TCllO 
RUllO 
RHllO 
RHll OM 
PDllO 
AGl 1 0 
AGll OM 
CDllO 
NBlll 
NO1 11 
TClll 
RUlll 
RHlll 
PDlll 
PDlllM 
AGlll 
AGlllM 
CDlll 
CDll lM 
NB112 
M0112 
TC112 
RU112 
RH112 
PD112 
AG112 
CD112 
M0113 
TC113 
RU113 
RH113 
PD113 
AG113 
AG113M 
CD113 
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IN113M 3.4013-06 2.254E-08 1.4943-10 2.3773-24 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+OO 
M0114 6.2783-01 0.000E+00 0.000E+00 0.000Ei00 0,00OE+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 
TC114 1.3393+02 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 
RU114 3.9573+03 0.000E+00 0.000E+00 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH114 1.0403+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 0.000E+00 0.000E+00 
PD114 1.4933+04 0.0003+00 0.000Ei00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
AG114 1.5143+04 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
CD114 0.000Ec00 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 
IN114 1.781Ei-01 6.4363+00 6.391E-f-00 6.114E+00 5.876Ei00 4.258E+00 1.8393+00 5.2156-01 3.9003-02 5.112E-11 
IN114M 6.772Ei-00 6.7253+00 6.6783+00 6.388Ei-00 6.1403+00 4.4503+00 1.921E+00 5.4503-01 4.075E-02 5.3413-11 
SN114 0.000Ei-00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
M0115 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 2.827Ec01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+OO 0.000E+00 0.000E+00 0.000E+00 
RU115 1.8693+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,00OE+00 0.000E+00 0.000E+00 

- - -- 
- 
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1 
PAGE 244 
ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51' 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ 

POWER= 2.16543E+01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.823+14 N/CM**2-SEC 
FISSION PRODUCTS 

7 NUCLIDE TABLE : RADIOACTIVITY, CURIES 
One Asy at 4.728 w/o; Region-wise Power to 54 GWD/MTU 

2xBurned 12. OHR 1.OD 100.OHR 7. OD 30. OD 90.OD 18O.OD 1. OYR 5. OYR 
9.8613+03 9.5133+03 9.1773+03 7.3083+03 5.9613+03 1.141E+03 1.526E+01 2.3633-02 3.8793-08 0.000E+00 
1.613E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 
1.3293+04 1.3283+04 1.3283+04 1.3273+04 1.3263+04 1.310E+04 1.2583+04 1.1833+04 1.0423+04 3.8293+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 
2.8973+03 2.8983+03 2.8993+03 2.9053+03 2.9103+03 2.9393+03 2.943E+03 2.8433+03 2.5373+03 9.3423+02 
1.6753-01 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
7.4313+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 
4.9473+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 
2.1303+04 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 
8.1783-01 8.1783-01 8.1783-01 8.1783-01 8.1783-01 8.1783-01 8.178E-01 8.1783-01 8.178E-01 8.178E-01 
1.1273+03 1.0963+03 1.0663+03 8.9283+02 7.6203+02 2.1073+02 7.4643+00 1.6243-01 1.145E-01 1.145E-01 
3.8353+02 8.178E-01 8.178E-01 8.1783-01 8.178E-01 8.1783-01 8.1783-01 8.1783-01 8.178E-01 8.178E-01 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+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 O.OOOE+00 
2.8133+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 
1.2653+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 
1.265E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0006+00 0.000E+00 0.000E+00 0.000E+00 
4.8523+04 9.2443+02 1.761E+01 2.24SE-10 4.0143-20 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.3083+04 0.000E+00 0.000E+00 0.000E-1-00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
7.6503+04 7.0943+04 6.4853+04 3.6673+04 2.201E+04 3.500E+02 7.1153-03 6-5203-10 2.1283-24 0.000E+00 
7.5863+04 7.4263+04 7.0493+04 4.4903+04 3.0773+04 8.800E+03 5.781Ec03 3.2623+03 1.004E+03 9.2723-02 
1.007E+04 1.007E+04 1.006E+04 1.000E+04 9.8943+03 8.6433+03 5.9023+03 3.3303+03 1.0253+03 9.4663-02 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.530E-01 1.516E-01 1.501E-01 1.414E-01 1.339E-01 8.6443-02 2.7593-02 4.9733-03 1.4633-04 1.22lE-16 
3.146E+00 0,00OE+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 
1.0583+03 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.9613+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 
1.071E+05 2.2713+01 4.8153-03 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+O0 O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1.078E+04 4.2816+03 1.701E+03 4.9273+00 2.6363-02 9.5633-21 0.000E+00 0.000E+00 0.00OE+00 0.00OE+00 
1.1773+05 2.75734-01 5.8453-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.0003+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.8453+04 3.895E-05 8.224E-14 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 0.000E+00 0.00OE+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 
4.5273+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 
1.701E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
7.325Ei.04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ec00 0.000E+00 0.000E+00 
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1 OUTPUT UNIT = 6 
PAGE 246 
ORIGEN2 V2.1 (8-1-91), Run on 11/30/03 at 16:51:51 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ FISSION PRODUCTS 

POWER= 2.165433+01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.823+14 N/CM**2-SEC 
7 NUCLIDE TABLE: RADIOACTIVITY, CURIES 

One Asy at 4.728 w/o; Region-wise Power to 54 GWD/MTU 
2xBurned 12. OHR 1.OD 10O.OHR 7.OD 30.OD 90.OD 180.OD 1. OYR 5. OYR 
6.1793+04 5.0283+00 4.0923-04 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+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
3.3603102 2.5143+02 1.8823+02 3.001E+01 5.805Ei00 9.3943-06 7.3453-21 0.000E+00 0.000E+00 0.000E+00 
4.767E+OI 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 0.000E+00 
6.1703+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 
2.4493+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 
5.1743+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 
2.9843+05 0.000E+00 0.0003+00 0.000E+00 0,00OE+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.0003+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 0.000E+00 
7.090E104 6.9053+04 6.725E+04 5.68734-04 4.8963+04 1.450Ei-04 6.0653+02 5.1883+00 2.8753-04 0.000E+00 
0.000E+00 0.000E+00 0.000Ei-00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 
1.1683+04 1.1383+04 l.l08E+04 9.3733+03 8.0683+03 2.3903+03 9.9943+01 8.5503-01 4.7383-05 0.000E+00 
1.0283+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 
7.3993+04 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.0003+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 
4.8683+05 0.000Ei00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 
1.024E+O6 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 
1.0453+05 1.0453+05 1.0453+05 1.0453+05 1.0443+05 1.0433+05 1.039E+05 1.0333+05 1.021E+05 9.308E+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+OO 0.000E+00 
9.9003+04 9.8843+04 9.8843+04 9.8823+04 9.880E+04 9.8653+04 9.8283+04 9.7723+04 9.6583+04 8.8063+04 
1.343E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 
1.910E+04 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+OO 
2.3783+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 
9.2303+05 4.6803-10 2.3683-25 0.000E+00 0.000E+00 0.000E+00 0.OOOEi-00 0.000E+00 0.000E+00 0.0003+00 
1.0383+06 3.2863-01 6.1023-08 O.OOOE+OO 0,00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
5.405Et04 0.000E+OO O.OOOE+OO O.OOOE+OO 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 
8.045E-11 8.0453-11 8.0453-11 8.0453-11 8.045E-11 8.0453-11 8.0453-11 8.0453-11 8.0453-11 8.0453-11 
1.008E+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 
3.892E+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 
1.050E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,00OE+00 O.OOOE+OO 0.000E+00 0.0003+00 0.0003+00 
7.0743+05 0.000E+00 0.000E+00 0,00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 
9.8133+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 
1.0233+06 2.7703+03 6.6293+00 1.6713-16 2.2823-31 0.000E+00 0.000E+00 0.000Ei00 0.000E+00 O.OOOE+OO 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+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+O0 O.OOOE+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 
4.9563+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 O.OOOE+O,O 
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File: D:\~P1000 SF Curie.out 12/18/02, 12:03:43AM 

1 
PAGE 247 
ORIGEN2 V2.1 (8-1-911, Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ FISSION PRODUCTS 

POWER= 2.165433+01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.823+14 N/CM**~-SEC 
7 NUCLIDE TABLE: RADIOACTIVITY, CURIES 

One Asy at 4.728 w/o; Region-wise Power to 54 GWD/MTU 
2xBusned 12. OHR 1.OD 100.OHR 7.OD 30. OD 90.OD 180.OD 1. OYR 5. OYR 
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 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.6423+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
8.2803+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 
5.5513+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 0.0003+00 
3.7973+05 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.0003+00 0.0003+00 0.000E+00 0.000E+00 0.000Ee00 
8.6323+05 4.7913-15 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 
8.8653+05 4.5893+03 2.105E+01 3.2763-14 1.8453-27 O.OOOE+OO 0.000Ei00 0.000E+00 0.000E+00 0.000E+00 
2.7323-05 2.7323-05 2.7323-05 2.7323-05 2.7323-05 2.7323-05 2.7323-05 2.7323-05 2.7323-05 2.7323-05 
1.0853+05 7.0393+04 4.5573+04 2.9033+03 2.4713+02 5.0913-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.1253+04 3.0343-11 4.3333-26 0.000E+00 0.0003+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 
5.7273+01 0.0003+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000Ec00 O.OOOE+OO 0.000E+00 
9.9473+03 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
1.7763+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 
7.4013+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 0.0003+00 
8.2623+05 2.7683-10 9.1323-26 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 
8.3463+05 6.533E+05 5.0783+05 1.029E+05 2.4663+04 2.2733-01 1.6633-14 0.000E+00 0.000E+00 0.0003+00 
8.0613+05 8.0453+05 7.9883+05 7.1653+05 6.2723+05 1.9453+05 9.066Ei03 9.1233+01 7.0643-03 0.000E+00 
0.000E+00 0.000E+00 0.000E+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
4.8443+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 
1.8613+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 
5.7493+04 0.0003+00 0.000E+00 0.000E-1-00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+OQ 
5.4103+05 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 
7.1823+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 
7.6213+05 7.6113+05 7.6023+05 7.5443+05 7.4923+05 7.0833+05 6.119E+05 4.9133+05 3.1273+05 8.871E+03 
7.6983+05 7.6123+05 7.6023+05 7.5443+05 7.4923+05 7.0833+05 6.1193+05 4.9133+05 3.1283+05 8.8723+03 
9.1S5E+03 9.1343+03 9.1233403 9.0523+03 8.9903+03 8.5003403 7.3433+03 5.8963+03 3.753E+03 1.0653+02 
1.4773-09 1.4783-09 1.4783-09 1.4803-09 1.4823-09 1.4973-09 1.5333-09 1.5783-09 1.6443-09 1.7573-09 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.2973+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E-i.00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+00 
1.481E+04 0.000E+00 0.000E+00 0.000Ei-00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.8833+05 0.000E+00 0.0003+00 0.000E+00 0,00OE+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 
5.313E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.0003+00 0.0003+00 
5.7513+05 0.0003+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E-1-00 0.000E+00 0.0003+00 
5.7543+05 1.4463+05 3.5993+04 5.3793+00 2.0323-03 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+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 
PAGE 248 
ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ 

POWER= 2.16543E+01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.823+14 N/CM**2-SEC 
F I S S I O N  PRODUCTS 

7 NUCLIDE TABLE: RADIOACTIVITY, CURIES 
One Asy at 4.728 w / o ;  Region-wise Power to 54 GWD/MTU 

2xBurned 12. OHR 1.OD 100.OHR 7.OD 30.OD 90.OD 180.OD 1. OYR 5. OYR 
1.7493+05 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
3.6663+05 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 
3.7733+05 3.640E-13 3.1943-31 0.000E+OO 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
3.8393+05 3.724E+05 3.6093+05 2.9593+05 2.4783+05 5.8623+04 1.3653+03 4.848Et00 4.4003-05 0.000E+00 
6.1563+04 6.1673+04 6.1783+04 6.2393+04 6.2823+04 6.3943+04 6.187E+04 5.7983+04 5.071Ec04 1.7623+04 
1.016E-06 1.016E-06 1.017E-06 1.021E-06 1.0243-06 1.050E-06 1.117E-06 1.2123-06 1.3913-06 2.2023-06 
2.7363+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 
5.0433+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 
6.7853+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.7413+05 0.000E+00 0.000E+00 0.000E+O0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+OO 
3.0643+05 0.000E+00 0.000E+00 O.OOOE+OO 0,00OE+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 
1.6893+05 1.5843+05 1.4863+05 9.8973+04 6.8873+04 4.0353+03 1.9813+02 4.3353+01 1.9353+00 4.3313-11 
1.5793+04 1.5663+04 1.5533+04 1.4723+04 1.4043+04 9.5443+03 3.4863+03 7.6963+02 3.4353+01 7.6903-10 
6.6253-11 6.6273-11 6.6293-11 6.6393-11 6.6463-11 6.6643-11 6.6733-11 6.6773-11 6-6783-11 6.6783-11 
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 
6.0953+02 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+OO 0.000E+00 0.000E+00 
1.7753+04 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.0003+00 0.000E+00 
1.5583+05 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 
2.2073+05 0.0003+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.4413+05 2.0343+03 1.661E+01 9.9073-13 1.4573-24 0.000E+00 0.0003+00 0.000E+00 O.OOOE+OO 0.000E+00 
4.1543+05 3.6223+05 3.0983+05 1,148E+05 4.7253+04 3.5003+01 2.3883-07 1.3453-19 0.000E+00 0.000E+00 
3.1553-13 3.526E-13 3.8453-13 5.0263-13 5.4353-13 5.7213-13 5.7213-13 5.7213-13 5.7213-13 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 0.000E+00 
2.6313-02 0.000E+00 0.000Ei-00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
4.6873+01 0.0003+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 
3.5713303 0.000E+00 0.0003+00 0.000E+00 0.000E+00 0,00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
7.5453+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 
1.543E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+OO 0.000E+00 0.0003+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 
6.5873+03 2.9573+02 1.3273+01 3.8573-08 8.8753-16 0.000E+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
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 
1.969E-05 1.969E-05 1.9693-05 1.9693-05 1.9683-05 1.9663-05 1.9603-05 1.9513-05 1.932E-05 1.7883-05 
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+OO 0.000E+00 
4.7233+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 
2.3203+04 0.0003+00 O.OOOE+OO 0,00OE+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 0.000E+00 . 
8.7613+04 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000I$+00 
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ND15 1 
PM151 
SM15 1 
EU15 1 
BAL 5 2 
LA1 5 2 
CE152 
P R 1 5 2  
ND152 
PM152 
PM152M 
SM15 2 
EU152 
EU152M 

v a 
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1 
PAGE 249 
ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51 

OUTPUT UNIT = 6 

* APlOOO UO2 Case - Decayed Average Assembly Activities 
+ 

POWER= 2.165433+01 MW, BURNUP= 3.381103+04 MWD, FLUX= 3.823+14 N/cM**~-SEC 
FISSION PRODUCTS 

.- 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  + + + + + + + + + + + + + +  
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W W W W W W W W W W W W W W  
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0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  + + + + + + + + + + + + + +  
W W W W W W W W W W W W W W  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  . . . . . . . . . . . . . .  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  

+ + I  + + + + + + + + + + . +  
W W W W W W W W W W W W W W  
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W W W W W W W W W W W W W W  
O O ~ O O O O O O O O O O O  
0 0 P 0 0 0 0 0 0 0 0 0 0 0  
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W W W W W W W W W W W W W W  
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0 0 % l 0 0 0 0 N b 0 0 0 0 0  
0 0 d 0 0 0 0 * W 0 0 0 0 0  

0 0 * 0 0 0 0 N 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  

+ + + + + + + I + + + + + +  
W W W W W W W W W W W W W W  
O O ~ O O O O ~ ~ O O O O O  
0 0 m 0 0 0 0 m ~ 0 0 0 0 0  
o o m o o o o m ~ o o o o o  . . . . . . . . . . . . . .  
0 0 % l 0 0 0 0 b d 0 0 0 0 0  

m w v o o ~ m m m o ~ d m m  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  
+ + + + + + + + + + I + + +  
W W W W W W W W W W W W W W  
~ m c n o d m * ~ m o o w o m  
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File: D:\~~1000 SF Curie.out 12/18/02, 12:03:43AM 

1 OUTPUT UNIT = 6 
PAGE 251 
ORIGEN2 V2.1 (8-1-91), Run on 11/30/01 at 16:51:51 

* APlOOO U02 Case - Decayed Average Assembly Activities 
+ FISSION PRODUCTS 

POWER= 2.165433+01 MW, BURNUP= 3.381103+04 MWD, 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. OHR 1.OD 100.OHR 7. OD 30. OD 90.OD 180.OD 1. OYR 5. OYR 

TM16 9 0.000E+00 0.000E+00 0.000Et00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
YB169 0.000E+00 0.000E+00 0.0003+00 0.0003+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.0003+00 
ER170 0.0003+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 0.000Ec00 
TM170 1.4493-01 1.4453-01 1.441E-01 1.417E-01 1.3953-01 1.2323-01 8.9193-02 5.493.3-02 2.0233-02 7.6863-06 
TM17OM 1.6293-02 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 
YB170 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ec00 0.000E+00 O.OOOE+OO 0.000E+00 
ER171 2.2363-06 7.3983-07 2.4483-07 2.2193-10 4.1983-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+OO 
TM171 4.1073-03 4.1053-03 4.103E-03 4.0903-03 4.0793-03 3.9873-03 3,7583-03 3.4383-03 2.8633-03 6.7553-04 
YB171 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0,00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
ER172 9.132E-10 7.7063-10 6.5033-10 2.219E-10 8.4813-11 3.4463-14 4.9053-23 0.000E+00 0.000E+00 0.000E+00 
TM172 5.744E-04 5.0403-04 4.4223-04 1.9313-04 9.2053-05 2,2493-07 3.437E-14 2.0543-24 0.000E+00 0.000E+00 
YB172 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ec00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
TOTAL 1.033Et08 2.5873+07 2.2213+07 1.528Ec07 1.308E+07 7.8093+06 4.5733+06 2.9403+06 1.8003+06 4.4503+05 
0 CUMULATIVE TABLE TOTALS 
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