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ABSTRACT 

Two important categories of potential repository wastes, non -LWR spent fuels and 

special CvVR spent fuels, were evaluated regarding their future quantities and packaging 

requirements, including criticality aspects. Assuming that canisters similar to those planned 

for vitrifkd high-level waste and conventional LWR fuel assemblies prove to be acceptable 

for these fuels, it is estimated that a b u t  1400 such canisters will be needed for the non- 

Approximately half of these canisters are for HTGR spent fuel (Peach Bottom- 1 and Fort 

St. Vrain), a quarler are for TMI-2 spent fuel and core debris, and the balance are for finels 

from a score of diverse sources. A b u t  two thirds of these spent fuels can be 

accommodated in extended vitrified HLW-size canisters (24-in. OD x 12 ft long), and the 

remainder will fit into canisters 28-in. QD x 15 ft long, which are about the same size as the 

"hybrid" BWR-PWR canisters (28-in. OD x 15 ft 7.5 in, long) proposed for use in a kif[ 

repository. Since many of these fuels are of higher enrichment and/or lower burnup than  

standard LWR spent fuel, estimation of the number of fuel assemblies that could be safely 

placed in a canister required preliminary calculations of neutron multiplication factor$ to 

ensure non-criticality. These estimates showed that the canister configurations used would 

provide more than adequate volume for the neutron poisons needed for this purposc. 

Thermal outputs per canister were estimated for Fort St-. Vrain, TRIGA, and Pulsiar fuels; 

the results showed that these fuels had thermal outputs per canister much lower than  those 

of standard LWR spent fuels and vitrified HLW. 

R and special LWR spent fuels on hand and projected through the year 2020. 





1. IN'IL'RODUCT 

The Nuclear Waste Policy Act of 1982 requires that non-defense spent nuclear fuels be 

disposed of in a geologic repository and defines spent nuclear fuel as fuel that has been 

withdrawn from a nuclear reactor following irradiation. Thus, under this definition, fuels 

from all r;on-defense reactors, regardless of type, K ~ U S ~  go to repository disposal. 

There are currently about 250 metric tons (heavy rnetal content) of sion-LWR and 

special LWK fuels in storage at eight sites ir. the United States: Argonne Nadonal 

Laboratory West (Idaho Falls), Battelle Rxific Northwest Laboratory, Babcwk anid W ~ ~ C O X  

(Lynchburg, VA), Hamford Engineering Development Laboratory, Idaho National 

Engineering Laboratory and ECPP, I a s  AIanros National Laboratory, Oak Ridge Naeinrial 

Laboratory, and Savannah River Plant. The purpose of this r ~ p s r t  is to make a preliminary 

assessment of the number and size of canisters that might be required for repository disposd 

of these materials. 

Non-EWR fuels are defined here as those derived from reactors orher than cnmmnerci:tl 

power reactors of the B WR and PWR types. Special LWR fuels include ( I  ,) fuel assemblies 

or pieces of fuel assemblies from experimental light water reactors, 42) fuel assemblies or 

pieces of fuel assemblies sent from commercial LWRs to various laboratorks for 

experimental purposes, (3) scrap pieces of spent fuel or f i ~ l  materials resulting from 

laboratory operations on LWR fuels, and (4) damaged commercial LW spent fuel and COTC 

debris such as that from the Three Mile Island-2 reactor. Some types of non-LWIZ fuels are 

suitable for reprocessing in government-owned facilities such as Idaho Chemical Processing 

PIant (ICPP) and Savannah River Plant (SW). Reprocessing of such fuels has already 

k e n  pedcmned in if number of cases md is planned to be continued. 'irtre high-level wastes 

fmrn such reprocessing ibecorne part of defense high-level waste, to which they make only a 

negligible volumetric contribution (CDB 1987). 

In estimating the number of canisters required, quantities of fuels were projected 

through the year 2020, including fuels in reactors and projected relwads to  replace fuels 

discharged from reactors. Approximate calculations sf criticality safety were made for 

selected fuels to obtain preliminary estimates of the quanlities of fuel that could he safely 

stored in one container. 
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1. I SOIJRCES O F  DATA 
Essentially all of the information on quantities of non-LWR spent fuel currently i n  

storage came from the latest edition of the Integrated Data Base (IDB 1989). Most of the 

other data and projections presented here are derived from information in the Waste 

Characteristics Data Base (CDB 1987). The CDR contains data on the current and projected 

quantities and physical, chemical, and radiological chwacteristics of spent fuels, high-level 

waste, and other types of waste that might become candidates for repository disposal. 

I .  2 ASSUMPTIONS 

It was assumed (Table 1) that fuels of types that have been reprocessed in the past will 

continue to be reprocessed, and such fuels were therefore not included in the present study. 

Among these fuels are those from the Fast Flux 'Iest Facility (FbW), highly-enriched U-A1 

and U-Mo fuels from government-owned and privately-owned research rind test reactors, 

and fuels from government-owned critical assemblies and ship-propulsion test reactors such 

as those at Knolls Atomic Power Laboratory, Los Alamos National Laboratory, and INEL. 

Among the fuel$ assumed not to be reprocessed are TRIGA, PULSTAR, Peach Bottom- 1, 
Fort St. Vrain, Fermi-1 blanket, and special LWR fuels. 

All non-reprocessed fuels were assumed to require canistering before delivery to a 

deep geologic repository. Because the non-LWR and special LWR fuel assemblies and 

storage containcrs have a wide variety of sizes, i t  was not possible to identify a single 

canister size that would reasonably accommodate all types of fuel. It was decided to use 

canisters of two sizes, 24-in. OD x 12 ft long (61 cm x 3.6 m) and 28-in. OD x 15 ft  long 

(7 1 cm x 4.6 m). The smaller size (hereafter called the 24-in. canister) will handle most of 

the fuel types and accounts for about 65% of the total number of canisters. The larger size 

(hereafter called the 28-in. canister) is necessary for a few fuel types and storage containers 

that are too large for the smaller canister. The 24-in. canister diameter is the same as that 

used for vitrified commercial and defense HLW; these HLW canisters, which are shown in 

Fig, 1, are 24-in. OD x 10 ft long. The 28-in. canister diameter is the same as that of the 

proposed Yucca Mountain "hybrid" canister (Johnson 1989; see Fig. 2), which is 28-in. x 

15 ft 7.5 in. and is designed to hold 4 BWR and 3 PWR assemblies. 

It was assumed that the use of solid neutron poisons within the canisters for the 

purpose of controlling criticality would be pennitted by repository and MRS waste 

acceptance criteria. This is an important assumption in determining the number of canisters 

required, since it permits multiple numbers of fuel elements to be placed in a single canister. 
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Table 1. Major assumptions for this studya 

Quantities of fuels 

1.  Quantities of non-LWR and special LWR fuels currently in storage are from Tables C.l 
to C.9 of the Integrated Data Base (IDB 1989). Dimensional and mdiological 
characteristics of fuels and projections of quantities to the year 2020 are from the 
Characteristics Data Base (CDB 1987). Quantity projections include in-core fuels. 

2. Fuels considered to be reprocessable are assumed to be reprocessed and are not 
included in estimates of canisterization requirements. Fuels listed in IDB 1989 Tables 
C. 1 to C.9 are all assumed to he non-reprocessable for purposes of estimating canister 
requirements. Non-reprocessable fuels are assumed to require canisters, even if they 
are already in some type of container. However, a few types of fuels were specifically 
excluded from the estimation of canister requirements. These were (1) fuels based on 
polyethylene blocks, (2) liquid fuels, (3) molten salt reactor fuel, and (4) fuels stored in 
large concrete casks at the E-Ianford 200 Area burial grounds. 

Canister sizes 

3. Canisters of two sizes are used. The 24-in. canister has an outside diameter of 24 in. 
and a length of 12 ft. The 28-in. canister has an outside diameter of 28 in. and a length 
of 15 ft. 

Repro cess i n g 

4. EBR-2 spent fuel is assumed to be reprocessed except for the minor quantities currently 
in storage at ANL-W, Hanford, INEL, Los Alamos, and SRP. FFTF fuel is assumed 
to be reprocessed. TRIGA, Fort St. Vrain, Fermi-1 blanket, and Peach Bottom-1 fuels 
are assumed not to be reprocessed. 

Waste acceptance criteria 

5 .  It is assumed that the use of solid neutron poisons for criticality control will be 
acceptable in the design of waste packages for disposal in a geologic repository or MRS 
faci1ity.b 

6 .  It is assumed that fuel assemblies containing graphite, such as Fort St. Vrain, Peach 
Bottom-1 and TRIGA, will be acceptable for disposal in a rep0sitory.C 

aAdditiona1 assumptions regarding canisterization are given in Sect. 3.1. 
b"his is an important assumption from the standpoint of the number of canisters 

CThis is an important assumption from the standpoint of possible required 
required. See discussion in Sect. 1.3. 

pretreatment. See comments in Sect. 3.2. 
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CONFIGURATION l 
3 INTACT PWR ASSEMBLIES 
4 INTACT BWR ASSEMBLIES 

28.0 in. O.D. 

Fig. 2. "Hybrid" spent fuel package configuration. Source: Johnson 1989. 
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The concept used hcre relies on tRe use of metal divider plates and solid packing materials 

such as borosilicate glass frit to separate the fuel elements within the canister and maintain 

them in a noncritical configuration over long periods of time. This study makes no  attcmpt 

to design such canisters but assumes that such designs could be produced, although i t  is not 

clcar at this time whether the use of solid neutron poisons for criticality control in this 

manner wil! be axeptable under repository wastc acceptance criteria. 

1 . 3  SUMMARY OF RESULTS 

Infomation in the non-LWR and miscellaneous fuels sections of b e  1I)B and CDB 

enabled estimates to be made of the number of canisters that might bc required for the 

rcpositony disposal of non-LWR and special LWR fuels by the year 2020, based on 

reasonable estimates of the dimensions and characteristics of such canisters. These results 

are summarized in Table 2. The total number of canisters required was estimated to be 

about 1370. This includes an allowance of 350 canisters for fuel and core debris removed 

from the Three Mile Island-2 rcaetor mal an allowance of 100 canisters for non-LWR and 

s p e d  1,WR fuels that are not specifically listed in Table 2. TRc estimated numbers of 

canisters required are very prclixninary but should be useful in providing order-of-magnitude 

information for waste system planning. 

criticality calculations that will be needed before canister capacities and waste package 

designs are finalized. However, the preliminary criticality studies that werc made 

(Aypcndix A) indicate that the conceptual paskage designs used here will be critically safe 

(bceff <0.95), provided that the use of fixed solid neu~on poisons such as borosilicate glass 

or boron carbide is perniissiblc. ’These preliminary studies showed that the void volumes 

provided in thc conceptual canister configurations for neutron poisons are considerably in  

excess of the volumes needed to limit k,ff to less than 0.95. 

No attempt was made eo provide detailed canister dcsigns or to perform thc detailed 

Estimates of the thermal outputs of some of these canisters were made, based on thc 

limited ii1fornation available (Appendix B). For 10-year old fuel, the estimated heat outputs 

per canister are 56 W for Fort. St. Vrain spent fix1 and 80 to 82 W for ‘IRIGA and 

PULSTAR spent fuel. Thcse values are much lower than LWR spent fuel (2000 to 4000 

W/canister), and also appreciably lower than vitrified NLW (150 to 900 Wkanister). 
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Table 2. Estimated nuniber of canisters required for repository disposal 
of various non-LWR and special LWR spent fuelsa 

Number of fuel assemblies 
Esti nwed 

Estimated fuel iliimbes of 
In storage, Total as sf assemblies canisters 

1988 year 2020b per canister required 

24-in. diam x 12 ft canisters 
Fort St. Vrain 
Peach Bottom- 1 
TRIGA 
PULSTAR 
CEUSP material 
Fermi- 1 blanket 
Elk River 
EBWR 
Canned fuel at B&W 
Saxton 
Other 

Total 

28-in, diam x 15 ft canisters 
Y E W  
Turkey Point 
Dresden 1 
Shippingport LWBW 
TMI-2 (estimated) 
other 
TOtd 

Total number of canisters 

732 
1639 
$00 
24 

401C 
510 
188 
300 

58d 
l4c 

4,666 

69 
20 
20 
65 

- 

2214 
1639 
4500 

170 
40lC 
5 10 
188 
300 

5 8d 
14" 

9,994 
- 

69 
20 
20 
65 

- 

174 

4 
12 

112 
48 
24 
12 
12 
24 
24 

4g 
4 
8 
1 

554 
138 
40 
4 

17 
43 
16 
13 
3 
4 

-Ailf 
892 

15 
5 
3 

65 
350 
4Qf 
G3 

1,379 

Wnly the major non-LWW and special LWR fuels are listed. An allowance is included 
for minor fuels not specifically listed. 

in-core fuel shown in Table '7 arc: included in totals. 
WEUSP material is stored in 3.5-in. diameter x 24 in. cans; numbers showr., are 

dThere are 58 c m s  of LWR fuel at B&W, Lynchburg. Cans are 4.25-in. diameter x 33 

Y&antities shown art: numbers of cans. 
fAn allowance is included here for fuels not specifically listed. 
RSome sf these assemblies have been compacted. See Sect. 3.3.4. 

numbers of cans. 

in. long. 
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1 . 4  ORGANIZATION OF REPORT 

Section 1 gives introducts material, olJjectives, assumptions, and a brief summary 

of the results. Section 2 lists the quantities and types of non-LWR fuel now in storage at 

various sites and the estimated quantities of fuel requiring caniswing as of the year 2020, 

including fuel in reactors and future reloads. Section 3 discusses canister dimcnsions, 

canister capacities, and the estimated number of canisters required. Section 4 gives the 

conclusions of the study, and Sect, 5 lists the references. Appendix A discusses the 

preliminary criticality calculations made both generically and for selected fuels such as 

TRXGA, CEUSP, Fort St. Vrain, arid PULSTAR. Appendix I3 gives calculated values of 

ra&oactivity and decay heat of certain non-LWR fuels (TRIGA, Fort St. Vrain and 

PUISTAR) as functions of time for periods up to 1 million years after discharge. Appcndix 

C shows the types and quantities of non-LWR arid special LWR fuels currently in storage at 

the eight sites, as reported in the Integrated Data Base for 1989. Appendix D consists of 

sketches of various fuel assemblies and storage containers. To prcserve the designers' 

dimensions accurately, all dimensions arc given in the same units (in., cm, etc,) in  which 

they appeared on thc original. mince drawings. 

2s TYPES AND QIJAN'II'I'I'IES OF NON-I~WK AND SPECIAL LWR FUELS 

2 * 11 C:A'L'lZ~:OIQIES OF FUELS 

The non-LWR and special LWK fuels considered in estimating canister requirements 

in this report fall into two categories: 

1. Spent fuels that 'nave been removed from reactors through 1988 and have not been 

chemically reprocessed, although they may have been mechanically subdivided or 

disassembled. 

2. Fuels that are currently in re:,cton, and projected reloads for operating reactors 

bctwcen 1988 and 2028 

2 I a! QUAN'I'I'I'IES OF FUEI,S CURRENTLY IN STORAGE 

Tables 3, 4,5, and 6 list the types and quantities of fuels in the first category. 'I'hese 

fuels are now in storage at the eight sites previously mentioned. Data are from the IDB 

submittals prepared by the various rites for the IDR and are listed in IDR 1989 and CDR 

1987. The data have k e n  organized according to the quantity of fuel in each storage item; 
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Table 3. Major quantities of non-LWR and special LWR spent fuels i n  storage" 

Number of Dimensions of kg HM per 
Location and type MTHM assemblies fuel asseiiibly assembly 

BattellePNL 
Point Beach-1 

INEL 
LWBR Shippingport 
Fermi- 1 blanket 
Peach Bottom-1 
Fort St. Vrain 
VEPCO 
Turkey Point 
LOFT (Loss of Fluid Test) 
Three Mile Island-2 

Total INEI, 

ORNL 
CEUSP material 

1.18 3 

57.15 65 879. 
34.17 5 10 67. 

30.38 69 437. 

3.32 I603 3.5-in. diam x 12 ft 2.1 
8.42 720 See note b 11.7 

7.90 
2.20 

82.00C 
225.54 

1.04 402d 3.5-in. diam x 24.3 in. 2.6 

SRP 
Dresden- 1 2.54 4.4 x 4.4 x 135 in. 
Elk River 5.04 188 3.5 x 3.5 x 81.6 in. 26.8 
EB WR 7.60 
Sodium Reactor Experiment 2.18 

Total SRP 17.36 

Total major quantities 245.12 
-- 

aData sources: IDB 1989 and CDB 1987. Major quantities are items greater than 1.0 

bHexagona1 graphite blocks, 14.2-in. across flats x 3 1.2-in, 
CSo far, about 75% of the TMI-2 spent fuel arid core debris has been shipped to 

INEL. The quantity shown here is the expected total after shipments have beer1 completed 
and is based on the MTHM in the core at the time QF the accident. 

MTHM. Smaller quantities are shown in subsequent- tables. 

dcanisters of CEUSP material. 
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Table 4. Intermediate quantities of Non-LWR and special LWR spent fuels 
in storagea 

Number of Dimensions of kg HM per 
Location and type MTHM assemblies fuel assembly assem b 1 y 

~- 

ANE West (Idaho Falls) 
Basic research waste and scrap 0.187 

0.105 EBR-2 blanket assembly 
Total ANL West 

Baetelle PNL 
Calvert Cliffs 

Misce?laneous 
COQpel- 

Total PNL 

Hanford Engineering Lab 
EBR-2 
FFTF 
SEFQR and FCFb 
Miscellaneous LWR 

Total Hanford 

INEL 
Shippingport PWR 
Power B ~i r s  t Facility 
H. B. Robinson 
SFXI (Severe Fuel Damage) 
Dresden-1 
Connecticut Yankee 
'I'RIGA 
Pathfinder 
PULSTAR 
TOW TFA 
 TO^ II-C 
SM-IA 
Misc., high enriched 
Misc., low enriched 

Total INEL 

1 . m  Alamos 
EBR-2 

Oak Ridge National Laboratory 
Savannah River Oxide 
Inventory item RCP-06 

Total ORNL 

0.292 

0.678 
0.368 
0.075 
1.121 

0.049 
0.044 
0.045 
0.064 
0.202 

0.760 
0.726 
0.266 
0.05 1 
0.166 
0.382 
0.131 
0.053 
0.252 
0.049 
0.059 
0.066 
0.204 
0.190 
3.355 

0.127 

0.067 
L 0 066 
0.133 

-0.6 

703 1.5-in. OD x 30 in. 0.19 
17C 9.0-in. OD x 80 in. 
24 3.5-in. x 3.5-in. x36 in. 10.5 

147 cans 
23 cans 
93 cans 

2.7-in. OD x 52.5 in. 

140d 
27e 

3.88-in. OD x 10 in. 
3.50-in. OD x 24 in. 
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Table 4. (continued) 

Number of Dimensions of kg HM per 
Location and type MTHNI assemblies fuel assembly assembly 

SRP 
C4NDU 
Carolinas-Virginia 
Saxton 
GCRE 
HWCTR 
ML- If 
ORR-LEU 
SW Misc 

Total SRP 

Total in termdia.te qiiariti ties 

0.050 

0.359 
0.061 
0.901 
0.059 
0.096 
-_ 0.061) 
1.662 

6.892 

"Sources of data: IDB 1989 and CDB 1987. Intermeriiate quantities are items 
between 0.040 and 1 .0 MTE-IM. 

bFast Critical Facility. 
There are 417 rods in 17 cans; the cans are 9.0-in. OD x 80 in. (Berreth 1989). 
d U 0 2  powder stored in 140 stainless steel cans, 3.88-in. OD x 10 in. 
eu308 - Cd8 solid cake stored in 27 stainless steel cans, 3.5-in. OD x 24 in. 
fMobile Low Power Plant. 
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Table 5. Small quantities of non-LWR and special LWR spent fuels in storagea 

Number of Dimensions of kg HM per 
Iaation and type M"€IM assemblies fuel assembly assembly 

~ 

ANL West (Idaho Falls) 
L r n R  test fuel 
N U m C  L m R  
Sodium loop safety facility 

Total ANLW 

B a k m k  and Wilcox, Lynchburg 
Arkansas- 1 
Consolidated Ed i s~n  
a o n w -  a 
Oconee-2 
Unknown origin 

I - O t d  B&W 

Battelle PNL 
13. €3, Robinson 

VBWR 
Glass mix ( d o l )  

Shippingprs 

Total PNL 

Hanford Engineering Jkv, Lab 
TRHGA 

Total HANF 

0.016 
0.00 1 
0.002 
0.019 

0.012 
0.01 1 
0.043 
0.0 19 
0.003 
0.088 

0.030 
0.004 
0.012 

0.046 

0.0 17b -90 3.6-cm OD x 72 cm 
0.017 

0.005 
0.005 

INEZ, 
OPTRAN (Operational Transient) 0.020 
LOC (Loss of Coolant) 0.008 
E (Irradiation Effects) 0.008 
LLR (Loft Lead Rod) 0.004 
PCM (Power-Coolant Mismatch) 0.019 
TC (nemocouple) 0.0Q6 
RIA (Reactivity-Initiated Accident) 0.009 
Maldcn 0.002 
GE (General EEec?Iic) 0.019 
Saxton 0.008 
MAP1 (Mitsubishi Atomic Power) 0.023 
Gag Con (Gap Conductance) 0.0 13 
CANDU 0.003 
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Table 5. (continued) 

Number of Dimensions of kg HM per 
Loeation and type MTEiM assemblies fuel assembly assembly 

VBWR 0.012 

GCRE o,a>l 1 can 5-in. OD x 25.5 in. 
EBR Scrap 0.002 

Total INEL 0.157 

Oak Ridge National Laboratory 
Dresden- 1 0.006 
Monticello 0.001 
Molten Salt Reactor Experiment 0.038 
Oconee- 1 0.001 
Peach Bottom-2 0.001 
Quad City-1 0.001 
H. B. Robinson 0.001 
Inventory items AUA-67/70 0.006 2c 3.75 in. x 18 in. 
Inventory items CZA-91/HUA-2A 0.001 7d 
Inventory items RCP-02/20 o,020 37e 3.5 in. x 24 in. 

Total ORNL 0.076 

SRP 
LWR samples 
Nereide 
H. B. Robinson 
VBWR 
EBR-2 
HTRE 
o m  material 
S hippingport 
S PERT-3 

Total SRP 

0.013 
0.035 
0.00 1 
0.004 
0.003 
0.004 
0.001 
0.017 
Q.D1.3 
0,091 

Total small quantities 0.499 

aSources of data: IDB 1989 and CDB 1987. As used here, small quantities are items 

bThese TRIGA fuel assemblies are stored at Hanford Unit 200 burial grounds in 
less than 0.040 M'FHM. 

thirteen 55-gal drums filled with concrete. There are 6 to 7 fuel assemblies per drum or 
about 80-90 assemblies totaI. Each assembly has a diameter of 3.6 cm and a length of 72 
cm. 

CUranium metal stored in two 3.75-in. OD x 18-in. stainless steel cans. 
dUranium oxide powder stored in two 3.5-in. OD x 13-in. and five 3.75-in. OD x 

eUO2 powder and U metal stored in 37 stainless steel cans, 3.5-in. OD x 24411. 
7-in. stainless steel cans. 
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Table 6. Non-LWR and Special LWR spent fuels in storage (surnmary)a 

Location 

Major Intermediate Small 
quantities quantities quantities Total 

(MTJ-w ( M T r n )  (MTIiM) 

Argonne National Laboratory West 

Battelle Pacific Northwest Laboratory 1.18 

Babcock and Wilcox 

Hanford Eng. Development Lab. 

Idaho National Eng. Lab. 225.54 

Los Alarms Nat'l Lab. 

Oak Ridge Nat'l Lab. 1.04 

Savannah River Plant 17.36 

Total 245.12 

0.292 

1.122 

0.202 

3.355 

0.127 

0.133 

1.662 

6.892 

0.0 19 

0.046 

0.088 

0.0 17 

0.157 

0.005 

0.076 

0.09 1 

0.499 

0.31 1 

2.347 

0.088 

0.219 

229.052 

0.132 

1.249 

-- 19.1 13 

252.5 1 1 

amis table is the summation of Tables 3,4, and 5. Major quantities are items greater 
than 1.0 MTHM; intermediate quantities are items between 0.040 and 1.0 MI'HM; small 
quantities arc items less than 0.040 MTHM. 
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thus Table 3 lists major quantities (items >1.0 MTHM*), Table 4 lists intermediate 

quantities (items from 0.04 to 1.0 MTHM), and Table 5 lists small quantities (items 4 . 0 4  
M m ) .  The items listed under major quantities account for over 96% of the MTHM of 

fuels currently in storage. Table 6 is the summation of Tables 3, 4, and 5 and shows both 

location and quantity. 

2 .3  IN-CORE FUELS AND RELOADS 

Table 7 lists the types and projected quantities of fuels in the second category, in-core 

fuels and reloads for reactors that are stil in operation (Fort St. Vrain, TRIGA, and 

PULSTAR). Quantities were estimated by making projections of future operating and 

refueling schedules. Based QII information from Public Service of Colorado, Fort St. Vrain 

was shut down permanently in August 1989 and will not reload any additional fuel. TRICA 

and PULSTAR estimates are tentative, since there is little basis for projecting how long 

these reactors will remain in operation and what their future rates of fuel consumption will 

be. Thus the data projected here far TRIGA and PtTLSTAR may have to be adjusted for 

future changes in operating schedules. 

Fuels that are expected to be reprocessed are not included in Table 7, since they will 

become part of defense high-level waste. This includes the FFTF and most of the highly- 

enriched fuels used in government-owned research and experimental reactors. 

The sumation of Tables 6 and 7 gives the projected total of fuels requiring 

canisterization as of year 2020, including fuels in reactors at that time. 'These are the 

cparatities used in estimating the canister requirements shown in Table 2 and discussed 

further in Section 3. 

3. NUMBER OF CANISTERS REQUIRED 

3 . 1  ASSUMPTIONS 

Major assumptions for canisterization are listed in Table 8. Fuels encased in graphite 

blocks or containing graphite sections (Fort St. Vrain, Peach Bottom, TRIGA) are assumed 

*MT€-IM = metric tons of heavy metal (1 metric ton = 1000 kg). 
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Table 7. Estimated quantities of reloads and in-core fuel 
for non-LWR and special LWR reactors through 202Oa 

Estimated number of fuel assemblies 

Total 
reloads Estimated 

Reloads and t Q d  
MTII-IM 1988-2020 In-core in-core 

Fort St. Vrain 

TRIGA 

PULSTAR 

Total 

Ob 1,482 1,482 16.76 

1,200c 2,500 3,700 0.74 

- 57 __ 146 

1,289 4,039 5,328 19.10 

aSource: Characteristics Data Base (CDB 1987). 
bPlant was shut down in August 1989. 
CTRIGA and PULSTAR reloads are estimated on the assumption that operations 

continue at their present rate through the year 2020. Actual reloads could differ from the 
quantities shown. 
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Table 8. Major assumptions for canisterization 

1. 

2. 

3. 

4. 

5 .  

6. 

Fuels encased in graphite blocks (Fort. St. Vraiii) or containing graphite sections 
(Peach Bottom-1, TRIGA) are acceptable for repository or MRS disposal wirhout 
removing the graphite. 

For the purpose of estimating the number of canisters required, ir is assumed that 
fuels containing small amounts of metallic sodium will be acceptable to a repository 
or MRS without preprocessing to remove the sodium.a 

Fuels containing polyethylene blocks or sections are not acceptable and arc not 
counted in estimating canister requirements. 

Fuels in liquid form are not acceptable and are not counted in estimating canister 
requirements. 

Two sizes of canisters are used. The smaller canister has an OD of 24 in. and a 
length of 12 ft, and the larger has an outside diameter of 28 in. and a length OF 15 ft. 
These are referred to subsequently in this report as the 24-in. and the 28-in. canisters, 
respectively. 

The use of solid neutron poisons for criticality control in  waste canisters is acceptable 
under repository disposal criteria. 

"his assumption was made only for the purpose of estimating canister requirements 
in a conservative manner and should not be construed as a recommendation for or 
projection of actual repository waste acceptance criteria. From the standpoint of estimating 
possible pretreatment or reprocessing requirements, this assumption i s  obviously not 
conservative. However, the primary focus of this report is on the number of canisters that 
may be required rather than on pretreatment or reprocessing requirernents. 
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to be acceptable for repository or MRS disposal without separating the graphite from the 

fuel. Fuels in liquid form and fuels containing polyethylene are assumed to be not 

acceptable and are not counted in estimating canister requirements. Fuels containilig nietnllic 

sodium, such as Fermi-1, are assumed to be acceptable to a repository and are counted i n  

estimating canister requirements The possibility that such fuels may have to be 

preprocessed or reprocessed is discussed further in Sect. 3.2. 

Two canister sizes are used: 24-in. OD x 12 ft for the smaller canister and 28-in. 

diameter x 15 ft for the larger. The smaller canister is adequate for most non-LWR and 

special LWR fuels and accounts for about 65% of the total number of canisters. 

Typical divider-plate layouts assumed for the 24-in. diameter canister are shown i n  

Fig. 3. Metal thicknesses used in making these layouts were 0.375 in. for the canister wall 

and 0.25 in. for the divider plate. In each of these layouts, the number of fuel elements or 

fuel cans per canister can be increased by stacking the elements or cans end-to-end. 'I'his 

was done for some of the fuels discussed in this section. 

It is assumed that the use of solid neutron poisons within the canister for the purpose 

of avoiding criticality will be acceptable under repository waste acceptance criteria. 

3 . 2  CANISTER REQUIREMENT§ FOR NON-EWR FUELS 

3 . 2 . 1  Fort St. Vrain Fuel 

The current (end of 1988) discharged spent fuel inventory of 732 elements (8.42 

MTHM) is stored at INEX in steel containers having an OD of 18 in. and a length of 1 1 ft. 

There are 183 containers, each holding 4 fuel elements.* These containers havc clamped 

lids and are not sealed by welding. 'I'he elements do not all have identical fuel loadings, but 

the average elcrnent contains about 11.6 kgHM (about 96% Th; the balance is 93%-enriched 

U) and about 86 kg of graphite, plus about 28 kg of other materials including silicon, 

coatings, and matrix materials (CDB, Vol. 7, Table 4.2.2). Figures D.l and D.2 

(Appendix U) show a standard fuel element and a standard control element, respectively. 

*The terriis "fuel element" and "fuel assembly" are used synonymously i n  this report. 
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ORNL DWG 89A-I 176 

12 fuel elements per canister; 
spacing is adequate for 
5.0411. x 5.0-in. fuel elements. 

24 fuel elements per canister; 
spacing is adequate for 
3.5-in. x 3.5-in. fuel elements. 

Fig. 3. Typical interior layouts assumed for 24-in. diameter canisters. Assurned inetal 
thicknesses are 0.375 in. for canister wall and 0.25 in. for divider plates. 
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Public Service of Colorado announced in December 1988 that final shutdown of the 

Fort St. Vrain reactor would take placc not later than June 30, 1990. Actual shutdown took 

place on August 18, 1989, and no further refucling is planned (Nuclear News 1989). The 

total number of spent fuel elements will be the present inventory of 732 at INEL plus the 

final in-core inventory of 1482, giving a total of 2,214 elements. Because the present 

storage containers are not welded shut, we assumed that outer canisters would be required. 

The 24-in. canisters would be large enough for this purpose. The number of canisters 

required would be 22 1414 or 554. 

the repository will include the graphitc blocks. It is not clear at this time whether graphite 

will be considered acceptable for repository disposal, in view of its potential combustibility. 

It appears likely that acceptable methods could be devcloped to render the graphite blocks 

noncombustible. For example, a recent U.S. patent describes a procedure whereby graphite 

balls containing boron carbide can be hardened and made fire-resistant by the absorption of 

molten silicon, followed by firing t o  prcducc a hard layer of silicon carbide (Blakely 1988). 

Treatment with other fire-retardant substances, such as grout, silica, or alumina, i s  another 

possibility. Ilowever, i t  is conceivable, even after such possibilities have been exhausted, 

that wastc acceptance criteria will require separation of the graphite blocks from the fuel 

compact5 prior to disposal. In this case, considerable study would be needed to develop a 

disposal procedure for the fuel and the graphite. Such a study is not within the scope of thc 

present rcport. 

The scenario described above aswriies that the Fort St. Vrain (FSV) elements stored ;it 

3 . 2 - 2  Peach Bottom-1 Fuel 

The Peach Bottom-1 reactor started up i n  1966 and was shut down in 1974. The 

spent fuel consists of two cores; Core 1 contained 819 fuel assemblies and Core 2 contained 

820, giving a total of 1639 assemblies. Figure D.3 (Appendix D) shows a standard 

Peach Bottom- 1 Core 1 fuel assembly, and Figure D.4 shows a Core 1 fuel assembly 

packaged in a 4.46-in. OD x 153-in. storage can. Figure D.5 shows the 18-in. diameter x 

140-in. storage container in which the Core 2 fuel assemblies are packaged. The latest IDR 

(IDB 1989) shows 1603 fuel assemblies at INEL, plus a smaller quantity of Peach Bottom-1 

material for which the number of assemblies is not specified. Core 1 was packaged in cans 

4.46-in. OD x 153-in. long, one fuel assembly per can. Core 2 was first packaged i n  the 

same manner but, after cropping, was later repackaged in  containers 1 &in. OD x 140-in. 

long, 12 fuel assemblies per container. Thus there are approximately 820/12 or 69 of these 



21 

18-in. OD containers, It is assumed that both the Core 1 and Core 2 he1 will be packed iii  

28-in. canisters, 12 fuel assemblies per canister, without removing the fuel asseniblies from 

their present containers. This will give a total requirement of 69 + 69 or 138 canisters. The 

Peach Bottom-1 fuel assemblies, like those of the Fort St. Vmin reactor, are graphite-based. 

The comments in Sect. 3.2.1 regarding the allowability of graphite-based fuel elements i n  a 

repository therefore apply to Peach Bottom-l fuel, as well as to the TKIGA fuel discussed 

in Sect. 3.2.3. 

3:2.3 TRIGA Fuel 

At the end of 1988 there were 703 diisclmarged TRZGA fuel elements in storage ar 

INEL. These elements are contained in 83 cans; thus 11ie average nutnbcr of elernents per 

can is about 8.5. There are also about 80 to 90 elements in concreee-filled drums a t  

Hanford. 

There are 25 TRIGA reactors currently in operation, of which 16 are at educational 

institutions, 4 are at private cornrnerciai institutions, and 5 are government owned. A typical 

TFtIGA fuel element contains about 195 g of uranium in the fonn of a (U, Zr) hydride. 

Most of the TRICA fuel elements use a uranium eiwiclrincnt of 20%, but there arc still some 

elements (FLIP-TKIGA) that have an enrichment of 70%. The operating schedules of these 

reactors through the year 2020 are uncertain, but the total number of fuzl elements to bt: 

disposed of (including fuel in reactors) is estimated to be about 4500 at the end of year 

2020. 

It is estimated that a 24-in. canister could hold from 1 12 to 148 fuel elements; thus the 

number of canisters required would be about 30 to 40. Figure D.6 shows a standard 

TRIGA aluminum-clad fuel element. 

3.2.4 PULSTAR 

The 24 PULSTAR spent fuel assemblies currently stored at INEL, are from the reactor 

at the State University of New York at Buffalo. PULSTAR fuel is based on Ut32 pellets 

with an enrichment of about 6%. The assembly dimensions are about 3.15-in. square x 

35.5-in. long, and the estimated number of assemblies by the year 2020 is 170. It is 

assumed that these will be packed in four 24-in. canisters, 4X to a canister. 
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3 . 2  ~ 5 Shippingport LWBR Fuel 

thc first large-scale central-station nuclear power plant in the United States. It started 

operation in 1957, was permanently shut down in 1982, and was decommissioned over the 

ensuing few years. It had a net capacity of 60 MW(e). Initially it was a uranium-fueled 

pressurized light-water rcactor (LWR), but it was converted around 19-76-1977 to a light- 

water breeder reactor (LWBR) based on the U-233-thorium fuel cycle. The LWR started 

operation in 1957 and was shut down in 19’74 to prepare for installation of the LWBK core. 

During its lifetime (1957 to 1974), the LWR used two cores of different clccign, referred to 

as E’WK Core 1 and PWM Core 2. After removal of PWR Core 2, the reactor was modified 

to operate as a light-water breeder, and the LWBR core was installed and started up in 1977. 

The LWBR core had a total U -t Th loading of 42,557 kg HM, i n  the fomi of oxide pellets. 

The Shippingport Atomic Power Station, located at Shippingport, Pennsylvania, was 

Following shutdown, the Shippingport LWBR fuel was shipped to the Naval Reactors 

Expended Core Facility at Idaho Falls. The latest IDB report (YDB 1989) shows the total 

inventory of Shippingport LWBR fuel at INEL/ICPP as follows: 

Corn po n en t 

U-233 

U-235 

Total U 

Total Pu 

Total Th 

’Total heavy metal 

k r !  

826.0 16 

10.349 

982.173 

0.177 

56,167.0 

57,149.35 

The INEL submittal to the bD3 shows that this total inventory consists of 65 units. 

Thus the average heavy metal per uni t  is 57149//45 or about 879 kg I-lM per unit. The units 

in storage represent seed, blanket, and reflector fuel assemblies. Dimensions of these were 

obtained from an earlier report done for INEL by Westinghouse (Westinghouse 1984). The 

Westinghouse document indicates that the fuel on  hand at INEL in 1984 was stored dry i n  

stainless steel containers, some of which have diameters up to 21.5 in. i t  is not clear 

wlie~her tlic lengths given (up to 158 in.) represent the fuel assembly or the container. 

Howcver, it appears clear that the 28-in, canister used in this report will bc adequate for any 

of the LWBK assemblies. The estimated number of canisters shown in Table 2 (65 

canisters) is based on INEL’S reported 65 units, assuming one unit  per canister. It is 
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possible that the existing storage containers may be adequate for traider to a repisrirory 

without the use of the overpack c a n i s m  assumed here; however, we rnade the consera/;itive 

assumption that the overpack canisters would be required. 
.7 shows a cross-sccticmal schemdtk view of the LWBR core; Figs. 11.8 arid 

D.9 show seed and blanket fuel assemblies and modules. 

3 .2 .6  P~~~~~~~~ 

‘The Pathfinder reactor was a 58.5 MW(C) boiling water reactor operated by Northern 

States Power Company ae Sioux Falls, South Dakota from 1964 to 1967. The spenr f ~ e l  

stored at IWEE consists of 417 fuel rods containing UO;! pellets with an enrichment of  about 

92%, stored in 17 cans. Can dimensions are 9.0-in. OD x Win .  long. The total quantity 

of heavy metal in this fuel is 53.4 kgU, of which 49.2 kg is U-235. I t  is assunneJ that the 

17 cans will be packed in six W i n .  canisters, 3 cans per canister. 

3 . 2 . 9  EBWR 

The Experimental Boiling Water Reactor (EIUWR) at Argonne National Liborrrtory, 

Illinois, was starred up in 19% and reached its licensed full power of 109 MW(th) in 1962. 

Operation of the EBWR in the Boiling Water PPogmm was discnntiniued in December 1962. 

The reactor was subsequently used in support of the Plutonium Recycle Program until its 

shutdown i n  1967 (OSI’I 1988). A full core consisted of 147 fuel assemblies, each 3.75 ira 

square x 72-in. long, containing a total of 3944.5 kg of U i- Pu (ANI., 1964). Thus the 

average amount of heavy metal per fuel assembly was 39445’147 or 26.83 kg of U t Pu 

per assexnbly. The current inventory at SRP is 7597.2 kgU c Pu, which represeiits nboirt 

7597.2/26.83 or 284 fuel assemblics. According to inforination frona SKP, the fuel 

assemblies there havc a length of 62.5 in., so some cropping of the assemblies niusl have 

been done before shipment. It i s  assurned here that these assemblies will bc packed in. 

24-in. canisters, 24 assemblies per canister, thus requiring a total of 12 canisters. 

I’ucp2 types. 

Figures D. 10 and 13. I 1 show EBWR fuel assemblies of the UO? arid mixed 1102- 

3 . 2 . 8  I, Fuel 

The Z.,oss-of-Fluid Test (IBFTS’) reactor at INEL started up in 1978 and shut down in1 

1985. Its capacity was 55 MW(th). The rcactor contained 9 f u d  aswublies. Fivc of these 

had a square cross-section, 8.4 in. x 8.4 in., and four had a triangular cross-section, 
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7.4 in. x 7.4 in. x 10.5 in. Figure D.12 shows a LOFT fuel assembly of the square type. 

All assemblies had a length of 78.6 in. Fuel pins were 0.42-in. OD x 70.4 in. containing 

UO2 pellets in Zircaloy-4 cladding. Enrichment was 4%. A full core contained 1297 kg U 

(Bum 1988). The inventory at INEL, as shown in IDB 1989, is 2204 kg of U + Pu; this is 

listed as 15+ assemblies. Assuming there are 16 assemblies and that they can be packed 8 

to a canister in Win.  OD x 15-ft canisters, two canisters would be required. 

3 .2 .9  Fermi-1 Fuel 

The Enrico Fermi Atomic Power Plant at Lagoona Reach, Michigan, started up in 

1963 and was pemianently shut down in 1973. It was a sodiurn-cooled fast reactor with a 

licensed thermal power of 200 MW (OSTI 1988). The Fermi-1 blanket fuel at INEL 

consists of 510 fuel assemblies containing a total of 34,172 kg U + Pu. The radial blanket 

of the Fermi-1 reactor consisted of 548 assemblies, each having 25 rods (5  x 5 )  containing 

depleted U + 2.75% Mo in stainless steel cladding bonded with sodium. The dimensions of 

an assembly are 2.65 in. x 2.65 in. x 8 ft  (ANS 1979). It is assumed that these assemblies 

will be packed in 24-in. OD x 12-ft canisters, 12 assemblies per canister, thus requiring a 

total of 43 canisters. This is based on the assumption that these fuel assemblies will be 

acceptable for repository disposal without first removing the metallic sodium. If this 

assumption proves to be incorrect, pretreatment of the fuel to remove the sodium may be an 

acceptable option. If total reprocessing is found to be necessary, it would probably be done 

at ICPP, and the waste would become part of the ICPP high-level waste. 

3.2.10 Elk River Fuel 

The Elk River Rural Power Association reactor at Elk River, Minnesota was a boiling 

water reactor with a capacity of 22 MW(e). It was shut down in 1968. Dismantling and 

removal of the facility was completed in 1974. The fuel assemblies were 5 x 5 pin arrays 

containing UO2 - Th02 pellets. Each assembly had cross-sectional dimensions of 3.5 in. x 

3.5 in., a length of 81.6 in., and contained 26.84 kg of U + Th. The 5042.9 kg of U -+ Th 

in storage at SRP therefore represents about 188 assemblies. For repository disposal, thcsc 

assemblies are assumed to be packed in 24-in. canisters, 12 to a canister. This will require 

16 canisters. The fuel contains highly-enriched uranium; total U-235 content of the fuel 

currently in storage is given as 186.16 kg, and U-233 content is 14.72 kg (IDB 1989). An 

average canister containing 12 fuel assemblies would thereforc contain about 11.9 kg of U- 

235 and 0.94 kg of U-233. 
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3.2.11 CEUSP Fuel 

The CEUSP (Consolidated E$ison Uranium Solidification Project) material is 

described in detail in Appendix A.4. It consists of a thermally denitrated mixture of uranium 

oxide, cadmium oxide, and gadolinium oxide. The material is stored at ORNL in 401 cans, 

each 3.5-in. OD and 24.3-in. long (see Fig. D.13). For repository disposal, i t  is assumed 

that these will be packed in seventeen 24-in. canisters, 24 cans to a canister. 

Figure D. 14 shows a package concept for holding 24 cans in a retrievable storage 

configuration; however, this package concept is not proposed here for repository use, since 

no study has been made of its suitability for that purpose. 

3.2.12 Polyethylene Disks and Blocks 

of these are small educational reactors at various universities. The total quantity of fuel to be 

disposed of consists of the in-core inventory, since no refueling is expected. 'This amounts 

to a b u t  25 kg of 20% enriched uranium. The total volume of polyethylene matrix in which 

this fuel is dispersed is about 0.1 m3 (CDB 1987). 

Disposal of this fuel in a repository may or may not be allowable under future criteria. 

There are five reactors in operation that use homogeneous UQ2-polyethylene fuel; all 

If disposal is permitted, it appears likely that one canister would be adequate in view of the 

small volume. Reprocessing, if required, would presumably require special initial steps to 

remove the polyethylene. For purposes of this report, it was assumed that complete 

reprocessing will be necessary, and that the waste will become part of defense IILW. 

However, multiple encapsulation might be a feasible alternative to reprocessing. 

3.2.13 Molten Salt Reactor Experiment 

The MSRE was a graphite-moderated, homogeneous-fueled reactor built to investigate 

the practicality of the molten-salt reactor concept for application to central power stations. It 

was operated from June 1965 to December 1969 at a nominal full-power level of 8.0 MW. 

The circulating fuel solution was a eutectic mixture of lithium and beryllium fluorides 

containing uranium fluoride as the fuel and zirconium fluoride as a chemical stabilizer. 'The 

initial fuel charge was highly enriched 235U, which was later replaced with a charge of 

233U. Processing capabilities were included as part of the facility for on-line fuel additions, 

removal of impurities, and uranium recovery. A total of 4,405 MWd was accumulated in 

the two phases of operation. 
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Following reactor shutdown, the fidel salt was drained into two critically safe storage 

tanks and isolated in a sealed hot cell, along with a third tank conlaining thc flush salt. More 

than 4608 kg of fuel salt and 4388 kg of flush salt, containing about 37 kg of iiranium 

(pfirnaiiily 2331J) arid 743 g of plutsiiiurn (pWmarily 239Pu) are present in the diaixi tanks. 

The fission prduct acrivitics (mainly beta-gamma) of these salts, decayed to ‘1985, total 

al>omt 32,0i90 (3. The 31pha activity from transuranic isotopes and their daughters amounts 

to about 2000 Ci. These isotopes are divided roughly 98 to 99% in the fuel salt and 1 to 2% 

in thz flush salt. The total dpha activity of the f i i d  salt is very high, about 400,000 nCi!g, 

while that of the flush salt is a b u t  6CMO nCVg, The total decay heat at presenr is about 200 

W, with three-foix-tlis cotning Crcm the beta-gamma componzlmt and the rcmaindcr from the 

alpha emission (CDB 1987). 

It appears at this time that the MSRE fuel salts wil! have to \~rickrgo sonit: type of 

treatment to ccsnveri them to a fom suitable for repository disposal (Notz 1988). It has not 

yet bcan detcmiained what the treatment and final waste form might bc. For this ieasm, no 

estima[e has been anade of the niimber of canisters required for disposal. 

3.3 CANIS‘II’ISR REQIIXHEMENTS FOR SPECIAL LWR FUELS 

3 . 3 . 1  Three M i k  Island-2 

Spent fuel and core debris fmri the TMI-2 reactor accident are being shipped to INEI,. 

The total qiiant;:y of fuel in the core at the lime of the accidcnt was estimated to be 820 

M IXM. ‘Ihe total. mass of damaged fuel and core debris to be accumulated at INEL is 

esti~naeed at 135 tons. Thus far (end of 1988), alsotit 93 inris have bcen delivcrd to INEJ, 

(Metzger 1989). The total volunre when shipments are completed is estimated to be about 

132 m3 (stated as outside volumc of canisters). The caniners in which the spent fuel and 

debris a-re being shippd to I N H ,  have an OD of 14 in. and a lcngth of 150 in. It is 

estiniakd that a b u t  350 of these canisters will have been delivered to INEL when 

shipments are completed. It is assumed heie that each of the shipment cmistcrs will be 

placed in a 28-in. canister for disposal at a repository. The possibility of using the existing 

14-in. OD x 150-in. shipment containers for repository disposal without the use of the 

overpack canisters might also be considered; however, i t  is riot clear at this time whether the 

shipment containers will meet repository waste acceptance criteria without overpacking, 
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The shipment canisters used to ship core debris to TNEL are of three types. A 11 have 

the same external dimensions hut differ in internal details, Figure D. 15 shows the typt: used 

for most of the dry debris and spent fuet. 

1.6%. Total quantity ~f fissile material is -2.25 kg.. It is assumed in thjs report t h z ~  111er.t: 

will be 3 4  of these cam in a 24-in. canister, so that 3 canisters wcrufd &e reqtlired for the 58 

Calls. 

3 , 3 * 3  ~~X~~~ 

reactor that achieved initial criticality in 19 

eur~ertely in stomge at SKP consists of 567 rods store in eight cans (5-in. 0 

64 rods stored in one can (3.75-in. OD x 50 in.), multiple pins storvd in four cans t5-io. OD 

x 168 in.), arid m e  bundle stored in one can (12-in. OD x 168 in.). The total quantities sf 

heavy metals are 343.46 kg total U, 8.28 kg U-235, and 15.64 kg of Psr. Ir i s  estiniiared 

that all these cans can be contained in four W i n .  canisters. 

'The Saxton Nanctear Experimental Reactor was a 23.5 ~ ~ ~ V ~ t ~ ~  pressurized water 

and was strut down in "196 . The Saxton f w l  

t INEL consists of 69 BWR fuel assemhlies eorntaiiiing about 30.4 

blies are in cans, but the number of cans and their dimensions ;ire not 

stated. Thirty- six of the assemblies have been used in an experirnerital demonstration of 
dry-rd consolidation. The compaction ratio was 2: 1, indicating that two compactcti rod 

assemblies O C C U ~ Y  a can of the size used for one uncompacted assembly (Vinjarnurj 19883. 

At present, tkerefm6:, the total number of cans should bt: about 51. It was assumed tha t  

hese cans could be packed four to a canister in 28-in. eaiaisters. This would require about 
15 canisters. 
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3 . 4  FUELS STORED IN LARGE CONTAINERS 

The fuels at the Hanford 2 Area burial grounds (see Appendix @, Table C.5) are 

currently stored in large casks and drums. There are fifteen shielded carbon steel casks, 30- 

in. OD x 59.5 in., twenty-two concrete casks, 75.5 in. x 65.5 in. x 65.5 in., thirteen 55-gal 

concrete-filled drums, and ane 30-in. OD x 6941. Zircaloy container. The fuels are from a 

number of different reactors including EBW-2, FFTF, Fast Critical Facility, SEIZOR, 

TRIGA, and several light water reactors, The total quantity is about 220 kg I-XM, including 

It is assumed in this report that these fuels will be left in their present location. Thus, 

in estimating the total number of canisters required for repository disposal, these fuels were 

not included. If retrieval and canisterization prove to be necessary, the volume of this 

material is roughly equivalent to about 25 of the 24-in. canisters. 

23-6 kg U-235. 

4. CONCLUSIONS 

4 . 1  RESULTS 

As mentioned in Sect. 1, the total number of canisters required for the non-LWR and 

special LWK fuels included in this study through the year 2020 is about 1370. This 

includes in-core fuel as well as discharged fuel. A breakdown of this total is given in Table 

2 (Sect. 1.4). The largest single contributor is Fort St. Vrain fuel, which will require about 

554 canisters, assuming that each canister would hold four hexagonal graphite-block fuel 

elements. An allowance of 350 canisters was included in the total for Three Mile Island-2 

fuel and core debris. In the event that a decision is made to dispose of the TMI-2 spent fuel 

and core debris in the containers in which they were shipped to INEL, without requiring 

overpack canisters, there would still be 350 containers to be disposed of. An allowance of 

100 canisters was also included for minor quantities of non-LWR and special LWR fuels 

not specifically listed in Table 2. Some of these fuels (Pathfinder, LOFT) are discussed in 

Section 3.2. 

No attempt was made to produce detailed canister designs or detailed criticality 

studies. The preliminary criticality studies discussed in Appendix A show that a small (1 2 

to 15%) volumetric allowance for the introduction of solid neutron poisons c o d  

keep bff below a value of 0.95. However, the use of this approach requires an acceptable 

package design that would ensure long-tenn in-place stability oh the added poisons. 
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The thermal data presented in Appendix B show that the canisters of non-LWR and 

special LWR fuels described there would have low heat outputs (56 to 82 W/canister), much 

lower than canisters of LWR spent fuel (2000 to 4000 W/canister) or vitrified HLW (150 to 

900 Wkanister). 

4.2 ASSESSMENT OF DATA 

Additional descriptive information on the items in storage are needed from the storage 

sites in order to permit more definitive estimates of disposal requirements for repository 

planning purposes. Information needed includes complete physical, chemical, and 

mechanical descriptions of the fuels in storage. For those items that are in containers, full 

information is needed on the number and dimensions of containers and on the physical and 

chemical descriptions of the containers and their contents. It is recommended that action be 

taken to begin the collection of such data. 

4.3 ISSUES TO BE RESOLVED 

For most of the fuels discussed in this report, the major issue requiring resolution is 

whether the fuel will be disposed of as canistered spent fuel or reprocessed and disposed of 

as vitrified high-level waste. In either case, waste acceptance criteria must be established, 

and the fuels and waste forms must be characterized in sufficient detail to establish 

compliance with these criteria and applicable regulations. 

Proposed repository acceptance criteria are restrictive regarding combustible or 

reactive materials in the waste package. It was assumed that canistered Fort St. Wrain fuel 

elements in the form of graphite blocks would be acceptable, but this assumption needs to 

be verified. As discussed in Sect. 3.2.1, it appears likely that a method could be developed 

to render the graphite blocks noncombustible by impregnation with fire-resistant materials 

such as silicon carbide, silica, or alumina. If graphite cannot be made acceptable, even after 

such treatment, procedures would have to be developed to separate the fuel compacts from 

the graphite blocks and dispose of the blocks separately. The same questions concerning 

graphite also arise in the disposal of Peach Bottom-1 and TRIGA fuels. 

Under proposed criteria, it is questionable whether fuels containing metallic sodium, 

such as Fermi-1, would be acceptable. If treatment or processing of such fuels is required 

before disposal, the details of such processing need to be determined, No attempt has been 

made here to determine whether chemical reprocessing of such fuels would be a feasible 

alternative. 
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The accepability of solid neutron poisons as a rm7ea.n~ of criticality control is also a 

major issue requiring resolution. If the use of such poisons is not deemed to be acceptable, 

the riuniber of canisters required would probably be significantly larger than that estirtiated 

in this repon. 

4.4 OTHER OPTIONS 

Although riot specifically studied in this report, another option available to DOE for the 

disposal of non-LWK and special LWR fuels is chemical reprocessing followed by disposal 

as vitified high-level waste. The reprocessing option coidd avoid or simplify many 

potentially difficult problems (criticality safety is an example) by converting a variety of 

fuels of widely different chamcteristics into a single waste form that is relatively easier to 

define, No information was developcd that would indicaie whether this option might be 

more attractive than the one presented here. 
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APPENDIX A. PRELIMINARY CRITICALITY CALCULATIONS 

A e 11 INTRQDUCTION 

Prelinlinary scoping calculations were made to determine approximate limits on 

canister capacities for various non-LWR fuels. In doing this, it was assumed that the use of 

solid neutron poisons would not be ruled out by repository waste acceptance criteria. These 

preliminary calculations are only intended to show feasibility and do not replace the detailed 

criticality calculations that will have to be made when canister and package designs are 

finalized for specific fuel configurations. 

A .2  GENERIC CRITICALITY SAFETY FOR MODERATED SYSTEMS" 

Calculations were performed to obtain a conservative estimate of the volumeric 

fmction of neutron poisons that will ensure criticality safety in a waste package containing 

spent fuel elements from the various non-LWR reactors (e.&., TRIGA, PULSTAR, HTCR, 

etc.1. It was assumed that the fuel is intermixed with water to have a moderated (tliemid) 

system. Because the waste packages have not been designed at this time, detailed criticality 

safety calculations cannot be done. However, a simple and very conservative niodel may be 

used to estimate the required mtio of poison atoms to fission atonis in order to achieve an 
effective multiplication (k+.ff) less than unity. Conversion of this atomic ratio to volume 

percent poison is dependent On each fuel element design and mode of its packing in the 

waste package. 

fornula for system multiplication assumes that the reactor is the themid type, and that i t  is 

infinitely large (i.e., no leakage). It is given by: 

where 

The four-factor formula (Glasstone 1952) was used for the criticality calculation. This 

k -" q&pf, (1) 

k = infinite media multiplication, 

q = net neutrons liberated/fission, 

E = fast fission factor, 

p = resonance escape probability, and 

f = thermal utilization factor. 

aThis section was prepared by H. C. Claiborne. 
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The resonance escape probability (p) is taken conservatively as unity. The fast fission factor 

will also be a b u t  unity for research reactors, since the *%J content is relatively small; a 

conservative value of 1.03 was assumed for E (the value for natural uranium). For 

calculating f, k = 0.95 was assumed (maximurn allowable under the regulations). 

Substituting these values into Eq. (1) gives 

f 0.9223 . 
q 

By definition, 

N(f) = atoms of fissionable material, 

N(p) = atoms of poison material, 

o(f) = thermal-neutron fission cross section of the fissionable isotope, 

o(p) = thermal-neutron capture cross section of the poison material, 

R = N(P)/N(f). 
Combining Eq. (2) and (3) gives 

Assume that the fissionable material is 235U and the poison is natural boron; then TI = 

2.0’78, o(f) = 580 b, and o(p) = 760 b (Hughes 1955). Substitution of these values into 

Eq. (4) gives R = 0.9563 atoms boron/atom Z35U. 

Atomic weight of B = 10.81 

Atomic weight of 235U = 235 

Therefore, 0.9563 x 10.81/235 = 0.0440 g of B/g of U. Similar calculations were made 

assuming that the poison was Cd, which has a thermal capture cross section = 2440 b and 

an atomic weight = 112.4. The calculations were repeated for 239Pu, which has a fission 
cross section = 742 b and q = 2.1 16. 
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The calculations were also done for B4C, a common ceramic form of boron in nuclear 

applications with a molecular weight of 55.29, giving a boron equivalent atomic weight of 

13.82. 

The results of these calculations are suminarized in Table A. 1, where (p) = poison and 

(0 = fissile. 

Table A. 1. Poison requirement for noncriticality 
in a waste packagea 

U-235 Pu -2 3 9 

Atom (p)/ Grams (p>/ Atom (p)/ Grams (p)/ 
Poisonb atom (f) grams (0 atom (f) gams (t) 

B 0.956 0.0440 

B4C 0.956 0.0563 

Cd 0.298 0.142 

1.24 0.0572 

1.26 0.07 3 1 

0.0394 0.185 
._ ~~ 

aHomogeneous distribution is assumed in these examples. 
"p) refers to poison; (b) refers to the fissionable isotope. 

Converting the values in Table A.l  to volume % of poison required is not possible without 

knowledge of the details of the fuel element enrichment and geometry, state of the assennbly, 

and composition and geometry of the waste package. However, it is possible to determine a 
maximum vol % poison based on the conservative values shown in Table A.I.  Defining op 
= grams(p)/density(p) and @ = grams(f)/density(f), the volume fraction of poison is given 

by: 

Volume fraction of poison = @d($p + @f), or 

Volume fraction of poison = I/( 1 + $f/$$ 

where the gram ratios are given in Table A. I and the densities are a function of the chemical 

form. 

Possible poisons could be in the form of B4C, whose density is 2.5 g/mL, or cadmium 

metal, with a density of 8.64 g/IllL. The fuel density will usually be that of 1102 or PuOr. 

The density of UO2 is 10.9 g/mL; consequently, the highest probable density of 23sU is 

8.52 g/mL, for a density of 0.95 of theoretical and 93.5% enriched uranium. The density of 
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Pu02 is 11.46 g/mL and, assuming that the plutonium fuel is 95% 239Pu at a demity of 

0.95 of theoretical, the highest probable density of 239Pu is 0.12 $/rnL. 

Using the above values for fissionable material density, the volume % poison was 

calculated from Eq. (5) for each case shown in Table A.1, with the results listed in Table 

A.2: 

Table A.2. Calculated volume %I poison required 
for criticality safety (ksf = 0.35) 

B4C 
Cd 

13 
12 

1 '7 
16 

These calculations, while veiy generk in nature, suggest that a voln~iie allowance of 

1 7 %  in the waste package is adequate for enough neutron poison to ensure criticality 

in a themial system. This provides a prelirninaty basis for estimating waste canister 

12 to 

safety 

capacities for these spent fuels. Detailed criticality safety analyses will of course be rcqiiired 

for specific container models and fuel forms, including efficacy of the method selected over 

the period of rime during which criticality is potentially possible. 

A.3 TRHGA FUEL* 

Scoping calculations were perfomed to define conceptual storage configurations for 

HJP 'I'RIGA reactor fuel (Hopper 198%). The storage canister configuration was assumed 

to be a nominal 26 in. in diameter with a imaximurn length of 10 ft. The canister would have 
a cast concrete liner forming an 1 1-in. diameter interior cavity for the fuel rods. 

FLIP (Fuel Lifetime Improvement Program) fuel. i s  a 70% 235U enriched uranium - 

zirconium hydride mixture with the nominal composition given in Table A.3. The fuel rod 

is nominally 23.3-in. long and 1.5-in. OD with a 1.5-in. long central region which contains 

the file1 

*Sections A.3 - A.6 are based principally on material contributed by C. M. Hopper. 



39 

Table A.3. Characteristics of FLIP TRICA fuel 

Element 
Composition 

(wt %) 

Total 

5.98 
2.57 

89.88 
1 .57  

100.00 

The 707wenriched FLIP fuel was used for conservatism; standard TRIGA f ~ c l  has 

an enrichnient of about 20%. 

Preliminary criricality analyses were perfomid using the KENO code with 148 fuel 

elements per canister. When full water moderation and no neurron poisons were used, 
values of keffranged from 1.016 to 1.167. When Pyrex glass frit at 50% of theoretical 

density was added as a poison, the value of k,ff dropped to 0.730 in the water-moderated 

case. Due to the high reactivity of the FLIP fuel, the neutron poison would have to be 

added as the canister was loaded or be in the canister cavity (perhaps as a fixed grid of 

borated stainless steel) prior to loading. 

A . 4  GEUSP MATERIAL 

A demonstration involving 233U fuel was conducied by DOE (then the AEC) and 

Consolidated Edison at the Indian Point reactor (1962-1965). The spent fuel was 

reprcxessed at West Valley, New York. The recovered uranyl nitrate solution, containing 

both 235U and 233U, was then shipped to ORNL in 1968 to 1969 for storige. The material 

was subsequently converted to uranium oxide by a thermal process and canned in 401 
svainless steel canisters (McGinnis 1987). Each canister contains about 3 kg of uranium 

oxide plus over 1 kg of neutron poisons (cadtnium and gadolinium oxides). Canister 

dimensions are 3.5-in. OD x 24.3341. length. The material is in the form of a dry 

monolithic oxide and is referred to by the name CEUSP (Consolidated Edison Uranium 

Solidification Project). The composition of a typical can is given in Table A.4. 

This section gives the results ofa  scoping study (Hopper 1987a) i n  which a 

conceptual packaging configuration was checked for compliance with WIPP acceptame 

criteria (DOE 1985). In this packaging configuration, 52 cans of CEUSP oxide (about 2.6 
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kg U/can) are placed in a remotely handled TRU waste package canister, which has a 

nominal 26-in. (0.66-m) diameter and a length of 10 ft, 1 in. (3.1 m), including the pintle. 

Rased on KENO calculations, this configuration (including packaging materials) provides a 

near "safety equivalence" with WIPP acceptance criteria for remotely handled wastes with 

regard to criticality safety, radiation shielding, radioactive decay thermal output, and 

allowable gross weight per canister. The configuration would have a gross weight less than 

the acceptable 8000 lb (3630 kg) and would have no criticality safety restrictions on the 

placement of canisters within the WIPP repository. The conditions tested included full 

water flooding, and no neutron poisons were used except for those in the CEUSP material 

itself. 

These results are not conclusive with regard to the package design used in the 

present report, which is based on 24 cans of CEUSP material per canister and uses added 

neutron poisons in the form of Pyrex glass frit or boron carbide. However, the results 

strongly indicate that such a configuration would have a high probability of achieving a 
value of keff well below 0.95. Detailed criticality studies, of course, would be needed to 

support such a conclusion. 

Table A.4. Characteristics of CEUSP materiala 

Component 

Total 

Isotopic Composition of Uranium 

U-233' 
U-234 
U-235 
U-236 
U-238 

Total 

Contents of a 
ppical can (E) 

948 
144 

3072b 

4164 

wt % 

9.7 
1.4 

76.5 
5.6 
6.8 

100.0 

"A typical can of CEUSP material. 
bThe U-233 contains about 140 ppm of U-232. 
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A . 5  FORT ST. VRAIN FUEL 

A parametric evaluation was pedonned to defirie a concey tual storage configuratio~i 

for Fort St. Vrain fuel r d e t s  (Hopper 1987b). The storage canister coirifiguratiori was 

assumed to be a nominal 26-411. OD with a tnaxinaum length of 10 ft. Thc canister woiild 

have a cast concrete lining about 6.75-in. thick, leaving an 11.5-in. ID cavity for t h e  fuel 

rodlets. 

The Fort St. Vrain fuel element is a large graphite block conraining rocflets of fuel in  

the form of 93.5% 23% enriched uranium carbide microspheres coated with carbon, and 

formed into rodlets. These are 1.94-in. long and 0.5-in. OD with a nominal cormposition 

given in Table AS. 
In estimating the number of canisters required for Fort S t. Vrain fuel in the main 

body of this report, it was assumed that each canister would contain four complete graphire 

blocks with their fuel rodlets intact. However, an alternate (earlier) configuration was used 

in making the calculations described here, in which i t  was assumed that the fuel rodlets were 

pushed out of the graphite block, and the block disposcd of by some rncrhod (e.g. 

combustion). 

Table AS, Composilion of Fort St. Vrain fuel rodlets 

Urani urna 
Carbon 
Th-232 

0.2 
7.7 
4.2  
12,. 1 

"Enrichment =93.5 5%. 

The Th-232 in the fuel rodlets was ignored in the evaluation which provides a large 

margin of conservatism due to the neglect of neutron absorption by thorium. The carhon to 

U-235 atom ratio in the rodlets is about 800. The most reactive conditions for the fiiel 

pellets would be under conditions where the fnel was dumped into the canister cavit:y a n d  

flooded with water. Evaluation of parametric data for C1/235U/H systems (Stratton 1963) 

over the range of possible packing fractions indicates that an interior cavity diameter of I I .4 
in. would be safely subcritical for storage of the fuel rodlets. This interior diameter and an 

assumed volume fraction of 0.6 would allow six fuel elements worth of rodlets (about 
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19,290) to be packed in the assumed 26-in. OD x 10 ft canister with a kff of 0.90 when 

fully flooded with water, and without the use of neutron poisons. More in-depth evaluatiori 

of the fuel including the Th content and the use of neutron poisons would pennit larger 

quantities of rodlets to be placed in a single canister. 

A . 6  BUESTA 

Scoping calculations were performed to define a conceptual storage configuration for 

PULSTAR fuel assemblies (Hopper 1987b). The storage canister configuration was 

assumed to be a nominal 26 inches in diameter with a maximum length of 10 feet. 

A IWLSTAR fuel assembly consists of 25 fuel pins containing 6% 235U ent-iched UO2. 

The fuel is clad in zircaloy and a finished pin is 1.184 cm in diameter and 66.0 cm long. 

The finished fuel assembly is about 96.5 cm long with a cross section of about 6.96 cm by 

8 cm. 

The coiiceived packaging assumes that the canister is packed with 3 layers of assemblies 
with 25 assemblies per layer. With no neutron poisons, KENO calculations showed k,ff 

values of 0.461 without water flooding and 1.102 with water flooding. When Pyrex glass 
frit at 50% of theoretical density was added, keff dropped to 0.36 without water flooding 

arid 0.43 with water flooding. 

A .  7 CONCLUSIONS 

These preliminary studies strongly suggest that non-LWR spent fuels can be safely 

packaged in repositmy-size canisters to a relatively high degree of canister volume 

utilization, leaving only a nominal volume fraction available for neutron poisons and 

moderators. After specific package designs are proposed, detailed calculations will be 

necessary to verify criticality safety in each case. 

The generic study (Sect. A.2), which was very conservative, showed that 12 to 17% 

void volume in a canister would provide enough volume to keep 

an infinite, close-packed array of cylinders, the geometric void volume is 9.396, over half as 

much as required to meet the above requirement. The specific case studies (Sects. A.3 to 

A.6) showed that the intercylinder volume was enough to ensure k,ff 50.95, even when 

filled to only 50% packing fraction with borosilicate glass, which is a significantly mor@ 

dilute source of boron than is R4C; the latter has 24 times the boron concentration of 

borosilicate glass. 

at or below 0.95. In 
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APPENDIX B. RADIOACTIVITY AND DECAY HEAT 

B .  1 INTRODUCTION 

The data available on most of the non-LWR fuels are insufficient to permit estimation of 

radiodctivity (curies) and decay heat (watts) per canister of fuel. Fort St. Vrain, TRIGA, 

and PULSTAR fuels do have sufficient data for such estimates, based on the number of 

elements per canister used in this report. Actual fuel bumups, however, can only be 

estimated approximately in most cases. On this basis, the values for thermal output were 

calculated for the three cases cited. The values obtained are an order of rnagni tude lower 

than those of canisters of LWR spent fuel and are in fact lower than those of canisters of 

vih.ified HLW. 

B . 2  FORT ST. VRAIN FUEL 

Using data in CDB1987, a full Fort St. Vrain core consists of 1482 fuel elements 

with a total of 16,679 kg MM. This gives an average of 11.25 kg IHM per fuel element. 

Table 4.2.6 and Fig. 4.2.5 of CDB1987 give the radioactivity and decay heat of irradiated 

FSV fuel per MTIHM as functions of time after irradiation assuming a burnup of 100,000 

MWdhfT. These data are summiuized in Table €3. 1. The actual burnup of FSV fuel is much 

less than 100,OOO MWd&fT, and the radioactivity and decay heat will be proportionately 

Table B. 1. hdioactivity and decay heat of Fort St. Vrain spent fuel per MTIHMa 

Time after 
discharge, years 

Radioactivity 
(Ci/MTMM) 

Decay heat 
(WMTMM) 

1 
10 

100 
1,000 

10,000 
1OQ,UOQ 

1 ,OQO,000 

3.36E06 
9.82E05 
1.17E05 
4.42E02 
I .22E03 
1.40E03 
6.17E01 

1 .OE04 
2.5E03 
4.OEO2 
1.5ECII 
3.OEO1 
3.OEO 1 
2 .OEOO 

aSource: CDB 1987. Burnup is lo0,OOO MWd/MTIHM. 
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lower than the values shown in Table B.l. Assuming the actual values are about half of 

those shown, and that a canister contains 4 fuel elements or 45 kg THM, the radioactivity 

and decay heat per canister can be estimated. These values are shown in Table B.2. 

Table B.2. Estimated radioactivity and decay heat per canister of Fort. St. Vrain fuel" 

Time after 
discharge, years 

Radioactivity 
(CVcanis ter) 

Decay heat 
W/cani ste r 

1 
10 

100 
1,000 

10,000 
100,000 

1,000,000 

75,600 
22,000 

2,600 
10 
27 
32 
1.4 

225 
56 
9 
0.3 
0.7 
0.7 
0.05 

aBasis: canister contains four fuel elements (45 kg IHM). Irradiatian is 58,000 

MWdNTIHM. Values are calculated from Table B. 1. 

B . 3  TRIGA FUEL 
Table 4.4.13 of CDB 1987 gives the radioactivity and thermal power (decay heat) of 

irradiated ?'RIGA fuel as functions of decay time based on one fuel element (0.198 kg IHM) 

irradiated to 30,OOO MWWTHM. These data were based on standard TRIGA fuel 

elements using 19.9% enriched uranium, rather than the 70% enriched uranium used in 

TRIGA FLIP elements. Assuming that the burnup of the FEW fuel is 60,000 

MWd/MTIHM, the radioactivity and decay heat per MTMM will be approximately doublcd. 

Assuming that a canister contains 100 FLIP fuel elements (about 19.8 kg MM), the curies 

and watts per canister can be calculated as functions of decay time using the data in Table 

4.4.13 of CDB 1987 as a starting point. The results are shown in Table B.3 for decay times 

of 1 year to 1,OOO,OOO years. 
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Table B.3. Estimated radioactivity and decay heat per canister of ELXP TMGA fiiela 

Time afser 
discharge (years) 

Radioactivity 
(CiJcanister) 

Demy heat 
(W/canistes) 

1 
5 

10 
1 

1,000 
10,000 

9.OE04 
2.OE04 
1 SE04 
1.6E03 

68 
9 
1 

8.16 

380 
100 
80 
40 

2 
0.5 
0.04 
8.02 

aBasis: canister contains 100 FXIP TRIGA fuel elements (19.8 kg mMM> irradiated 
to 60,000 MWd/MTIHM. Source data are from Table 4.4.13 of CD3 1987. FLIP TRIGA 
fuel uses a uranium enrichment of 70%. 

B . 4  PULSTAR FUEL 

Table 4.4.15 of CDB 1987 gives the radioactivity and thermal power of a 

PUESTAK spent fuel. element as functions of decay hme. Burnup was assumed t o  be 
MWWTMM. Each element contains about 10.9 kgHM. Assuming that a canister 

contains '95 fuel elements, the radioactivity and decay heat per canister can be cdcuhted as 

functions of decay time. These calculated results are shown in Table B.4 for decay cirnes of 

'I to l,OoO,,oO years. 
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Table 13.4. Estimated radioactivity and decay heat 
per canister of PULSTAR fuela 

Radioactivity 
(Ci/canister) 

Decay heat 
(W/canister) 

1 
10 

100 
1,009 

10,mo 
100,000 

1,000,000 

1.7E05 
3.0E04 
3.0E03 

140 
35 
4 
0.4 

758 
82 
21 
4 
1 
0.08 
0.04 

aBasis: canister contains 75 PULS'I'AR 5 x 5 fuel assemblies (about 818 kgIHM) 
irradiated to 33,ooO MWd+MI"I'M. Source data are from Table 4.4.15 of CDB 1987. 

R . 5  HEF'EWENCES FOR APPENDIX %z 

CDR 198.. Characteristics of Spent Fuel. I-Iigh-TLevel Waste. and Other Radioactive 
_I_ Wastes Which May&equire Long-'I'em Tsolation, I)DE/RW-O184, December 1987. 
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APPENDIX C. TYPES AND QUANTITIES OF 

NON-LWR AND SPECIAL LWR 

FUELS CURRENTLY IN STORAGEa 

aSource: Integrated Data b s e  for 1989: Spent Fuel and Radioactive Waste InventorieG 
Projections. and Cham cteristicg, DOE/RW-o006, Rev. 5 (in publication), 
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Table C 2 Miscellaneous, highly rab ioac t ive  materials ,tored a t  Argome Katlonal 
-&oratory Wesc, Idaho F a l l s ,  I d a h .  8 s  of December 31, 1385" 

Source of mater ia l  Compos it ion 

il content ,  kg 

3escrzption' Tota l  23sL, 

Tota l  Pu 

content  
(kg) 

Radioactive d a s t e   an^ Scrdp FaciLi:yC 
Basic research -F&L Scrap 
E3X-2 Dlanket s w a s s e m l y  Scrap 
L'TBR t e s t  r'uei Scrap 
lostirradiatio7 t e a t  on RWEC itJFBR Scrap 
Sodlum Loop Safe ty  F a c i l i t y  Scrap 

Total  

Stored i n  canis te rd  181.53 12.860 
1 0 4 . 8 0  0,233 Stored i n  c a n i s t e r  

stored I n  canis te rd  1 3 . 2 3  5.253 

Stored i n  canis te r6  i. 80 1.242 

302.18 13 .930  

d 

Stored in  canis te rd  0.72 ' 0 . 3 4 5  

5.111 
3 . 1 8 0  
2 . 0 2 6  
3.  i23 
9 .56% 

9 .309  

- 

aSee Teunis 1988. 
bNo infomaziorr regarding the  burnup of ch is  sc rap  i s  ava i lab le .  
CRacioactive Scrap and Waste F a c i l i t y  is located approximately 0 . 5  miie nort'n of ANL-W s i t e .  
% m i s t e r s  are r e t r i e v a b l e  and constructed of  s t a i n l e s s  s t e e l  with minimum dimensio-ns of 8- in .  33 and 5 - f t  

len&,th. The c a n i s t e r  k i d  i s  gasketed and t i g h t l y  screwed on,  welded closed,  or screwed i n t o  a canlsLer f i t t e d  with 
pipe threads.  



Table C.3. Miscellaneous, highly radioactive materials stored at Babcock & Wilcox, 
Lynchburg Research Center, as of December 31, 1988a 

Source U content, kg Total PU 
of Estimated burnup content 

material compos 1 t i onb Description (MWd /MTIHM) Total 235U (kg) 

Arkansas I U02, Zr-clad 

W W  Test Reactor U02, Zr-clad 

Consolidated Edison U02,  Zr-clad 

Oconee I U02, Zr-clad 

Oconee I 

Oconee I1 

U02-Gdz03, Zr-clad 

U02, Zr-clad 

TMI (Unit 2)  U02 debris 

Various fuel scrap LO2. Zr-clad 

Hot cell solid waste Miscellaneousd 

samples 

Stored in four 4.25-in.- 
diam X 33-in. A 1  canisters 

Stored in fourteen 4.25-in.- 
d i m  X 33-in. A 1  canisters 

Stored in a 4.25-in.-diam X 
33-in. A 1  canister 

Stored in twenty-six 4.25-in.- 
diam X 33-111. A 1  canisters 

Stored in four 4.25-111.- 
diam X 33-in. A 1  cdnisters 

Stored in seven 4.25-in.- 
diam X 33-in. A 1  canisters 

Stored in a 4.25-in.-dim X 
33-111. A1 canister 

Stored in a 4.25-in.-diam X 

33-in. AL canister 

Stored in one hundred and four  
55-gal drums and twenty-three 
30-gal drums 

47,000 

Unknown' 

29,523 

18, 686 
24,080 
2 6 , 4  80 
31,160 
39,180 
50,000 

15,000 

17,000 
31,000 
36,000 

Unknownc 

UnknownC 

- 

11.761 

0.015 

10.849 

0.531 
2.159 
6.482 
4,275 
11.000 
10.579 

7.911 

10.711 
6.329 
2.105 

0 . 0 4 7  

2. 908 

e 

0.046 

0.005 

0.060 

0 . 0 0 4  
0.028 
0.033 
0.041 
0.057 
0.037 

0.103 

0.105 
0.057 
0.015 

C. 030: 

0.757 

e 

0.133 

CO ,0005 

0.088 

0.003 
0.017 
0 .056  
0.037 
0.151 
0 117 

0.048 

0 ,095 
0.056 
0.019 

<O ,0005 

<O ,0005 

c0, 06bf 

Total 87.662 1.379 0.772 

aSee Long 1989. 
bLr-clad = Zircaloy-clad. 
'Currently in underground storage tubes. 
dMiscellaneous materials from perlodic hot cell cleanup 
eNegligible. 
fCalculated assuming a contaminated level of <0.5 6 of plutonium per drum. 



Table C.4. Miscellaneous, highly rad ioac t ive  mater ia l s  s t o r e d  a t  B a t t e l l e  P a c i f i c  Northwest Laboratory, as of December 31, 198Ra 

Source ii contenL, kg Total  FII Tocal Th 
Of Estimated burnup con-, en t content  

mater ia l  compos i t ionb Descr ipt ion ( tWd/ m1w 1 Total  235U :kg)  (k8) 

Calvert  C l i f f s  U02, Zr-clad 0.440-in. diam X 1 4 7  i n .  
( s tored  as  175 i n t a c t  rods,  1 cut  rodc)  
( s tored  as  154 an’,ar’, rods ,  1 cut  rodc)  

98 rodsC 

30,000 370.5 
45.000 233.2 

2.6 
1.7 

2.5 

1 0 . 3  

2.2 

0.1 

0.1 

e 
e 

2 . 0  

0.1 

- 
2 1 . 6  

5 . 3  
7 .?  

3.1 

10.6 

Cooper 

Point Seach-1 

EO2, Zr-clad 

UO2, Zr-clad 

26,000 365.3 

Stored as  t h r e e  i n t a c t  fuel assemblies, 
miscellaneous cu t  samples 

Stored as  19 c u t  f u e l  rod sect ions‘  

6.7 32,000 1,163.6 

H .  8. Robinson U02, Zr-clad 30,000 30.2 

3.9 

20,300-30.000 11.1 

0.2 

0.1 

0.7 

Shippingpor t 

wwRd 

PNL Lot Numbers: 
ATM- 5 
ATP- 6 

U02, Zr-clad Twelve 3 - f t  f u e l  rod sekqents 

Giass mix 
Glass mix 

0.1 
0 . 1  

68.5 

<o .1 
a . 1  

1 .5  Miscellaneous 
scrap and fue l  

Miscellaneous 
f u e l  

C u t  p ieces ,  
scrap 

Stored i n  hot  c e l l s  

Unknown Cut pieces  Stored i n  hot c e l l  5 . 4  0.1 

__ - 
2 9 . 3  6 . 7  Total 2,311.9 

aSee Dickman 1989. 
bZr-clad = Zircaloy-clad. 
‘Stored i n  a hot c e l l  
%al lec i tos  boiling-water reactor  
“Nrgligible 
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Table C . 5 .  Miscellaneous, highly radiadctive materials stored at Lhe Kanford 200 Area burial grounds, as of December 31. 1988" 

tJ conteat, kg Total Pu 
content 

(kg ) 235u Source of material Composition Descriptionb Total 

EBB I1 (Experimental Breeder Reactor) 
F r m  INEL 

From INEL and FFTF (Fast Flux Test 
Facility) at Hanford 

Fast Critical Facility and SEFOR 
(Southwest Experimental Fast Oxide 
Reactor) frcm GE, Vallecitos. CA 

K reactor 

LHR from GETR, Monticello Reactor, 
had Cities 1 Reactor, and 
Millstone Reactor 

TFtIGA (Training Reactor, Isotopes, 
General Atomic) frun Oregon State 
University 

Total 

U O z f  Pu02, SS-clad 

uoz/Puo2,  ss-clad 

uo2 I PUO2 

Unknown 

U 0 2  pellets 

Z r - U  hydride 
( 8  wt I U ) ,  
Al-clad 

Stored in four 30-in.-diam X 4 5 . 5 3  7 . 6 4  3 . 6 0  

59.5-in. shielded carbon 
steel casks 

Stored in five ?)O-in.-diam X 

59.5-in. shielded carhon 
steel casks 

Stored in tumty-two 75.5-in. X 
65.5-in. X 65.5-in. concrete 
casks 

12 americiun target elements 
stored in one 30-in.-diam X 
69-in. Zircaloy container 

Stored in six 30-in.-diam X 
59.5-in. shielded carbon 
steel casks 

3 4 . 6 5  7 . 5 5  9.81 

4 0 . 4 9  4 . 8 8  4 . 7 0  

0 .024'  0 . 0 2 4  . 0 7 4  

63.28 1.29 0 . 5 9  

17.2 3.26 0.013 3.6-cm d i m  X 72 cm fuel 
assemblies storedlburied i n  
thirteen 55-gal concrete-filled 
drums. six to seven assemblies 
per drm - 

201.17 2 4 . 6 4  1 8 . 7 9  

%ee Turner 1989. 
bNo information regarding the burnup of this fuel is available. 
'Enrichment of uranium not provided. 



Table C.6. Miscellaneous, highly rad ioac t ive  mater ia l s  scored a t  t h e  Idaho National Engineering Laboratory, a s  of December 31, 198aa 

Estimated U content ,  kg Tota l  3.1 Total  Th 
bumup content  content 

(kg) (ke) Total  235u 233” Source of mater ia l  compo s i t  i onb Description (E?Wd/MTIHM) 

DOE/Defense olus other  government aEency mater ia l  s tored  a t  ICPP 

GCXE (Gas-Cooled Reactor 
EKpermenCI ) 

LWBR (Shippingport i i g h t -  
Water Breeder Reactor) 

Hisc. fue ls  and scrap  

SM-1A (Stat ionary Media) 

TORY-11A 

TORY - 11C 

Subtotal  

EBR Scrap (Experimental 
Breeder Reactor) 

Fermi 1 Blanket 

FSVR (For t  S t .  Vrain 
Reactor 

Pathfinder 

Peach Bottom 

U02-Be3, I ias te l loy X One SS tube, 5 i n .  X 

clad 25.5 i n .  

Ceramic p e l l e t s ,  65 u n i t s  
Zr-clad, Th blanket  

Scrap Stored i n  92 SS and 
Al cans 

U02, SS-clad 

U02-Be0 crushed t o  

Stored in 93 SS cans 

Stored i n  147 Al cans 
0.25 i n .  X 0.06 i n .  3.25 i n .  X 1.5 i n .  

UO2-Y2O3-ZrO2-Be0 Stored i n  t h r e e  A l  cans 
2.68 In .  X 52.5 i n .  

0.384 

982.173 

168.195 

65.759 

48.645 

59.C65 

1,324.821 

DoE/Civilian Develoment Pronrarrs mater ia l  s tored  a t  iCPP 

Scrap 1.618 

U-Mo (97% U), sodium Stored in 510 SS cans, 
bonded, SS-clad 0.4-in. d i m  X 41 i n .  

or 61 in. 

U-Th carbide and Th 732 hexagonal g:aphite 
carbide,  carbon- blocks 14.2 i n .  across  
coated p a r t i c l e s  f l a t s  X 31.2 i n .  
i n  graphi te  matr ix  

U32-B4C p e l l e t s ,  417 rods i n  17 cans; 
each can is 9-in.  
d i m  X 80 i n .  

SS-clad 

U-Th carbide,  carbon- 1,503 graphi te  blocks =,IC 
coated p a r t i c l e s  3.5-in. d i m  X 12 f t  
i n  graphi te  matr ix  

34,165.000 

299.758 

0.915 

10.349 825.016 0.177 55.167.C 

137.33U 0.119 0.079 36.0 

56.643 

45.325 

55.022 

in 
m -- -~ 

305.592 826.135 0.256 56,203.0 

0.339 

120.000 6.522 

53.436 49.242 

332.420 223.540 46.310 0.970 2,620.0 



Table C.6 (continued) 

Estimated U cantent ,  kg Tota l  AI Total  Th 
burnup content  content  

Source of mater ia l  Compositionb Descr ipt ion (MWd/HTIW) T o t a l  235u 233u (kg 1 (kg ) 

Puls ta r ,  S t a t e  University 
of New York a t  Buffalo 

TXIGA (Training Reactor, 
Isotopes,  General Atomic1 

YBWR (Geneva) 
(Val lec i tos  Boiling- 
Water Reactor) 

Subtotal  

Shippingport FWR Core 1 

Shippingport RJR Core 2 

DoE/Civilian Development Programs mater ia l  s tored  a t  ICPP (cont inued)  

U02 p e l l e t s ,  Zr-clad Stored i n  24 SS cans, 251.431 12.083 
3 i n .  X 3 i n .  X 35.5 
i n .  

A l -  o r  SS-clad 703 u n i t s  s tored  i n  83 
e lement 5 cans 

UOz and U52-Ti02, 142 rods s t o r e d  i n  four  8' 
SS- c 1 ad 6-in.-diam X 36-in. Al 

cans 

131.285 

12.383 

28.395 

2.606 

DOE m a t e r i a l  s tored  a t  Ed 

UOz p e l l e t s ,  Zr-clad Seed and blanket  fuel 11,100 
assemblies 

UOz p e l l e t s ,  Zr-clad Seed and b lanket  f u e l  14,273 
assemblies 

Subtotal  

DOEfCiv l i a n  Deve 

CANDU (Canadian Deuterium U02 p e l l e t s ,  Zr-clad 
Reactor) 

Connecticut Yankee U%, Zr-clad 

Dresden LO2, Zr-clad 

EMAD= (Engine Maintenance 
Assembly & Disassembly) 

GAP CON (Gap Conductance) U02 p e l l e t s ,  Zr-clad 

GE (General E l e c t r i c )  U02 p e l l e t s ,  Zr-clad 

V02 pellets, Zr-clad 

35,247.301 

229 

530.84 

601.136 

3.2 

401.79 

759.84 404.99 

oment  Programs m a t e r i a l  s tored  a t  INEL (o ther  than ICPP mi NRFL 

8 p ins  5,000 2.660 0.261 

1 assembly 378.485 5.204 

54 p ins  (depleted U) 165.0 Unknown 

18 assemblies 25,000-30.000 7,831.273 58.103 

20 p ins  42-115 12.838 1.285 

Pins 18.644 0.394 

0.793 

- 
133.323 9.037 

"1.5 

-2.4 

"3.9 

3.774 

1.064 

65.255 

0.071 

10.744.0 



Table C.6 (continued) 

E s t  h a t e d  U content ,  kg Tota l  Fu Tota l  Th 
burnup content  content  

(kg) (kg) 
Tota l  23513 233U 

Source of mater ia l  compos i t ionb Description /MWd/MTIilM> 

DOE/Civilian Developnent Programs s tored  a t  INEL (o ther  than ICPP and NRF) (cont inued)  

UO2 p e l l e t s ,  Zr-clad 

U02-Pu02 p e l l e t s ,  
Zr-clad 

U02 p e l l e t s ,  Zr-clad 

U02 p e l l e t s ,  Zr-clad 

U02 p e l l e t s ,  Zr-clad 

U02 p e l l e t s ,  Zr-clad 

UOz p e l l e t s ,  Zr-clad 

5 pins 

12 pins  

4,000 2.313 0.233 

0.867 

0.327 

0.816 

89.371 

1.267 

1.758 

1.197 

0.472 

132.850 

6.557 

2.512 

0.504 

1.890 

0.660 

2.7i1 

Iialden Assy 

Halden 226 and 239 Assy 

0.005 

0.324 

0.012 

0.010 

2.029 

0.032 

2.626 

I E  ( I r r a d i a t i o n  E f f e c t s )  

LLR (LOFT Lead Rod) 

L c c  (Loss of  Coolant) 

LOFT (Loss of Fluid Test)  

MAP1 (Mitsubishi Atomic 
Power Indus t r ies )  

Yiscellaneous f u e l  pins 

Miscellaneous rods and 
scrap  

OPTRAN (Operational 
Trans ien t )  

PBF (Power-Surst Faci l iLy)  

Pins 

7 pins 

60 p ins  

15* assemblies 

43 p ins  

27-17.600 7.833 

36-150 3.510 

16-150 7.777 

0-1,050 2,201.696 

2,990-8.770 22.499 

U02 p e l l e t s ,  Zr-clad 

Scrap 

Pins 

Stored i n  8 cans 

Varies  173.354 

Varies  13.553 

U02 p e l l e t s ,  Zr-ciad Pins 0-15.000 19.669 0.387 

LIOZ-ZrO2-CaO; Z r  
s leeves ,  SS-clad 

U02 p e l l e t s ,  Zr-ciaa 

Pins 725.690 

<70 PCM (Power Coolant 
Mismatch) 

30 pins  

Peach Sottorn U 0 2  p e l l e t s ,  Zr-clad 

EO2 p e l l e t s ,  Zr-clad 

1 assembly and pieces  

23 pins 

364.1 

0-6,090 8.389 

1.878 

0.013 RIA (Reac t iv i ty  I n i t i a t e d  
Accident) 

B. B. Robinson 

Saxton 

SFD (Severe Fuel 3amage) 

KO2 pe l l e t s ,  Zr-clad 

'LO2 p e l l e t s .  Zr-clad 

fizz p e l l e t s ,  Zr-clad 

Pins 

21 pins 

143 pins 

263.916 28.030 

10,400-18, 530 7.607 

50.867 

2.153 

0.025 

0.150 



Table C .6  (continued) 

E5 t imat  ed U ccn ten t ,  kg Tota l  Fu Tota l  Th  
burnup content  content  

(kg (kg 1 Source of mater ia l  compos 1 t ionb  Descr ipt ion fMWd/MTIHM) T o t a l  235” 233u 

I)OE/Civi:ian Develorment Programs s tored  a t  INEL (o ther  than ICPP and NRFl (cont inued)  

TC (Thermocouple) U 0 2  p e l l e t s ,  Zr-clad Pins 0 4 2 0  6.196 0.683 

TMI-2 (Throe Miie I s land)  Rubble (Quantities unkn@wn u n t i l  e n t i r e  core  received)  

VEPCQ (Virginia  Electric 
Power Company 1 

Subtotal  

69 a s s m b l i e s  30,207.295 242.457 

42,514.582 552.419 

172.695 

252.203 

Totel  at lNEL 78,846.544 1,864 137 959,458 265.336 66,947.0 

‘Berreth 1989. 

bZr-ciad = Zircaloy-clad. 
‘Data expressed i n  percentage. 
dSee Connors 1988 and 1989. 
eTurkey Point Fuel. 

Many of t h e  f u e l s  a t  INEL have Lower uranium enrichanent than is found in those fuels t h a t  a r e  normally processed. These f u e l s  
could be reprocessed in  a spec ia l  campaign, if required 



Table C . 7 .  Miscellaneous, highly rad loacr lve  mater ia l s  s t o r e d  a t  t h e  60s ALamos 
National Laboratory, as  of  December 31, 1988a 

U conten t ,  kg Tota l  Pu 
content  

(kg)  

EBR-2 U - P u  oxide,  carbide o r  n i t r l d e  0.3-111. diam X 13.5 i n .  96.52 53.99 0.134 30.19 

235u 233" 
Source of 
mater ia l  Composition Descr ipt ion Tota l  

SS-clad f u e l  rod segments 

B&W U02 spent f u e l  elements Stored i n  racks 5.04' 4.25 
(Lynchburg, VA) 

- - ~ 

Total  101.56c 58.24 0.134 30.19 

aSee Erkki la  1989. 
bNo information regarding t h e  burnup of t h i s  f u e l  i s  ava i lab le .  
'Includes 0.30 kg of  236U. 



Table C.8. MiscalLaneous, highly rad ioac t ive  mater ia l s  s tored  a t  t h e  Oak Rldge National Laboratory, a s  of 5ecember 31, 1958 

U content ,  kg Total  Fu 
Estimated hurnup content  

Source of mater ie l  Compsl t lond Descr lpt ion (MWd/MTIHM) T o t a l  235U 233U (kp) 

CEU (Consolidated Ediscn 
Uranium; 

U308-Cd0 s o l i d  cake 

U02. Zr-clad 

Stored i n  401 3.5-in.- 
CD X 24-in. SS cans 

b i.044.38 

-24, COG 5.00 

797.70 

0.024 

101.32 

0.020 Dresden-? Sheared f u e l  p m s  
s tored  i n  two 1-qt 
pa in t  cans 

9/16-~n.-diam X 8-in. 
f u e l  rod s e c t i o n s  
plus short lengths  

9/1E-in.-dinm x S- in .  
fuel test capsules  

112-in - d ; m  X 6-in.  
f u e l  rod s e c t i o n s  
plus short l engths  

See r e f .  9 

20,000 0.930 0.005 0.005 

GETR (General E l e c t r i c  
Test Reactur! 

P l O l i t l  c e l l o  

uo2, Zr-clad 

LIDz, Zr-clad 

1,000-2,003 0.399 

4 a , o c i ~  1.00 

E. 022 

3.004 

MS?J' :Molten Salt. Reactor 
Experiment ) 

Cconee-i 

0.940 

c .oc4 

31.01 0 . 7 4 3  

1/2-in.-diam X 6- in .  
f u e l  rod s e c t i o n s  
plus short lengths  

9/16-in.-dim X 8- in .  
fuel rod sec t ions  
plus shor t  Lengths 

0. COS 

Peach Eottom-2 go2. Zr-clad 10,OGU 0.324 0.001 a .  001 

Quad City-l UD2, Zr-clad l/2-in.-diam X &-in.  
fuel rod sec t ions  
p l u s  shor t  lengths 

1/2-in.-dia.n X 12-in. 
f u e l  rod sec t ions  
plus  short lengths  

3{8-in.-diaii X 6-in.  
f u e l  r o d  lengths  

9.008 

8 .  E .  Robinson 30, ooe 1.m 0 . 0 0 5  

U02, Zr-clad 4 2 , 0 0 3  0.833 P.020 
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Table C . 9  MisLelianeous, n i g h l y  raclioac,tive mater ia l s  s t c r e d  at the  Savawish Kivar S i t e .  as of Ut-cpmber 31, ;Yea” 

k. Source of mater ia l  Composition 

~ ~~ 

T o t a l  Pu Tota l  Th LI content ,  k s  
Est iaa ted  burnup content  content  

Desci ip t ion  { MWd /MTIHM ) Tota l  235u 2 3 j u  (kg  ) (kg) 

DOE/Civi 1 i a n  Develowent Programs m a t a r i a l  s tored  at SRS 

Rods s tored  11; th ree  6 , 5 0 0  
5.0-in.-diam x ? L - f t  sans:  
pieces  s tored  i n  t h r e e  
3.5-in.-dmm X 1 - f t  cans 

5 0 . 2 2  0.231 CANDU (Canadian Deuter iun 
Reactor) 

UC2, Zr-clad 

Carol inas-Virginia  Tube 
Reactor 

U02-Zr o r  SS-clad 

U02-Th02, SS-clad 

Orla bundle of 34 rods in Unknomi 
a 5.0-in.-dian A 1 4 - f t  can 

67.37 0 . 6 4 0  0 .200  

683.66 37.545 15.391 1.873 1.857.2 Dr e rderi I n t a c t  assemblies s tored  4 , 0 C 3 - 1 O . C 3 0  
in & . 4 - i 1 1 .  X 4.4- in .  X 
135-in. c a i s  

Assemblies 3 . 5  i n .  X 3 . 5  Max. 53,000 
i n .  X 81.62 in. 

FueL rod p ieces  s tored  iri Urlkr.own 
five 3.75-in.-diam X 

32.5- in. - long cans  

Haterials Test  Reactor 600 
p la te - type  f u e l  assembly 
34.37 in. X 2 . 9 8  i n .  X 

3 . 1 4  in. 

224.34 186.159 14.722 

i2.631 0.1SZ 

ERR ( E l k  River Reactor) U02-Th02, SS-clad 4,618.6 

LWK samples (Light-Water 
Reactors) 

UcI2-PuO2, ss- and 
Zr-clad 

0.109 

Nereide i a  French 
Experiment using WE 
f u e l )  

UP.1-Si,, A;-clad 3 5 . 4 5  3 015 

H. B. Robinson U02-PuC2, Zr-clad. 
SS cas ing  

Follr 6- t o  8-11> -long 
fragments i n  4 5-in - 
d i m  X 3 2 - m - l o n g  can 

6,600-33 .000  

1.000 

0.52 0,034 

276.67 1.411 

0.003 

15.438 Saxton UG2-PuC12. Zr- or 
SS- c l a d  

567 rods s tored  in e i g h t  
5 .0- in . -diam X 14-ft cans 
and 04 rods s ta red  i n  one 
3.?5-in.-dia.. x 50-in. can 

UD2, Zr-clad Multiple p ins  s tored  in f o u r  1,600 
5.0-in.-diam X 14-f t  cans 
and one b,andle stored in 
one 1 2 - m - d i a m  X 1 4 - f t  
r 33 

66.79 5 . 8 6 6  0 . 2 3 3  

VEWR (ValLecitos Boiling- EO2, Zr-clad 
riater Reautar) 

Stored iu four 3.5-in.- 
diam Y 12-iri.  cdri?; 

1.500 4 . 0 4  i3.998 0.OG3 

- ___ ___ 
1 , 4 2 1 . C ; l l  2111.051 39.113 17.835 6 , 6 7 5 . 3  Subtst  a1 
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APPENDIX D. DRAWINGS OF FUEL ASSEMBLIES AND CONTAINERS 
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FUEL MOLE 
0.500 D I A .  
I l 2 0 l  

COOLANT SOLE 
0 . 5 2 5  O I A .  I S 2  I 

L A  

I -  
& 
t------ 

3 1  

B U R M B L E  # 
POISON 

FUEL RODS 

NOtC all dirnensions are in inches. 

FLEL N P E S  

APPLIES FOa DRAWINGS. 
9&R1801-210-113 THRU 124 
W-R:801820-176 THRU 178 

113 THRU 124 
176 THRU 178 

BURNABLE POISON 
k4OE 0500 DIA. (4) UNLOADED 

DOWEL P:N 

*EL ; Lnr 
FL3W 1 TY? 1 

SLC 1 - A  \ DOWEL 
IC1 SOCKET 

Fig. D.2. Fort St. Vrain control assembly. 



7 1  

ORNL D W G  8 7 - 1 1 3 3  

................. ----r 
UPPER REFLECTOR ASSEMBLY 23.4 

POROUS PLUG 

,,,.-FUEL COMPACT ASSEMBLY (3) 

I i 
LOWER REFLECTOR 

BOTTOM CONNECTOR 

I - t -  I 

Note: Ail dimensions are in inches. 

Fig. D.3. Peach Bd~ttoni Core 1 fuel assembly. 
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(E0112277) 

PLUG 
(ED1 12276) 

7 2  

..... ... ... . . J-- , 4.48 in. D I A  

A 
1 

- 
I 

'PROX 
in. 

F U E L  
PACKAGE 

TYPE 

1 
9 
14 
17 
18 
20 
21  

a F  
PACKAGES 

528 
71 
98 
1 
18 
3 
4 

723 
____. 

Fig. D.4. Peach Bottom fuel assembly in storage containcr. 



7 3  

I L  ' 2 1  
CLAMP '31 /' 
SOLI0 
,# BUI 

PLUNGER 

I O  IN T W I G <  
SUPPORT R I N G  

I 
2 (9 IN 

I7 5 I N  DIA I. 
1 0  8N THICK P L A T E .  

\ 

II 

MATERIAL CARBON STEEL 

Fig. D.5. Peach Bottom 18 in. x 140 in. fuel storage container. 
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ORNL D W G  87- 1 1 3 4  

ALUMINUM SPACER 
-fT--l 

CLADDING 
i,!ZKNESS \ 

28.4 overall 

1.47 --I 

ALUMINUM TOP 
END-FIXTURE 

ALUMINUM BOTTOM / 
END-FIXTURE 

GRAPHITE (2) 

SAMARIUM 
TRIOXIDE DISC (2) 

ALUMINUM TUBE 
I 

J I 

1 - 

Fig. D.6. TRIGA aluminum-clad fuel assembly. 

Note: all dimensions are in inches. 



ORNL DWC; 89A-1143  

W 
REFLECTOR 

ROD REGION 
MOVABLE SEED 
ROD REGION 

STANDARD BLANKET POWER FIATTFNED r] 
ROD REGION BLANKET ROD REGION 

Fig. D.7. Shippingport LWBR core cross section. 
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BLANKET SUPPORT TUBE 

BLANKET SUP’I. POST - 

BL4NKET GRID --__ 

BOTTOM BASEPLATE 

Fig. D.8. Shippingpon LWBR blanket module. 



B 

BLANKET TYPE I 

L, i  
REFLECTOR TYPE !V 

A I 

BIANKET TYPE I I  

OR#L W G  89A-fl72 

BLANKET TYPE 111 

MODULE NOMINAL DIMENSIONS 
TYPE {INCHES) 

B - A - 
1 1.07 9.59 
19.75 17.10 BLANKET I 

BLANKET I I  22.27 19.29 
BLANKET 111 22.27 19.29 
REFLECTOR IV 17-10 13.79 

9.02 REFLECTOR V 21.26 

"9"- 77 SEED 

- f  
,. I 

REFLECTOR TYPE V 

Fig. D.9. Shippingport LWW blanket modules (all types). 
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ORNL DWG 89-1 169 

,L--- 3 314 SQ. ---+ 

- A26 OD. x 025 WALL 

48 ACTIVE L m G r  FUEL PELLET 
,365 OD. x 112 LOFdG ZRCALOY-2 SPA 

304 SST - 

Note AM dimensions are in inches. 

Fig. D.lO. EBWR U02  fuel assembly. 
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ORNL OWG 89-1 1 6 8  

.426 OD. x .025 WALL 
ZRCALOY-2 TUBING 304 

48 ACTIVE LENG 

WIBRATORY COMPACTEQ) ZIRCALOY-2 SPA 

Note: AN dimensons are in inches. 

Fig. D. 1 1. EBWR Pu02 - UQ2 fuel assembly. 
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ORNL DWG 89A-1167 

SPRING ~ 

ALL DIMENSIONS IN rnm 

7- 34.9 

FREE 
LENGTH 

_I 
~- 

A T 977.7 

FUEL PIN SUB---ASSEMBLY 

000~000 

0 0 0 GI 0 0 0 

0000000 

t I- 

000 ono8noo 000 
I 

ts  1 ti i-t 
m 7 r-n 

I 

959 .6  

1 m . a  

r 

Fig. D. 12. LOFT reactor fuel assembly. Source: Westinghouse 1984. 
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24 

ORNL DWG 86-683 

2.875 DIA. -- ~cl 

___--FERROMAGNETIC DISC 
A 3 6  STEEL t 

.3 12 
- -- T 
----.- 304L SST PLATE 

_--- 304 SST PIPE 
3 SCW 5 

Note: All dimensions 
are in inches. 

75 

I /  
I j  

I 

I 

,, , ' 

/- 

Fig. D. 13. CEUSP container. 
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ORNL DVJG 86-836 

1 A 

SECTION A-A 

--GRANULAR SOLID 
FILL MATERIAL 

(TO BE SELECTED) 

---- METAL WEB 

A 

CYLINDRICAL BODY 

SUB P 0 R T TUB E 8 

- S S T  WASTE CANS 
STACKED 8 HIQIH 

8.9 cm OD x 8 1  cm 
LONQ 

Fig. D. 14. CEUSP package concept for 24 containers. 
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ORNL BWG 86-057 

450 in 

3 

DRAIN 
CONNECTOR 

SUPPORT PLATES 

DRAIN SCREEN 

CATALYST BE 

Fig. D.15. Three Mile Island-2 core debris container. 

BULKHEAD 

DRAIN TUBE 

LOW DENSITY 
CONCRETE Mi 



ORNL D W G  8 6 - 7 5 5  

'.OO 1 

MATERIAL OF CONSTRUCTION 
MAJOR PARTS - AL 6061-T6 
ROTATlNG AND DOWEL PINS - STAINLESS STEEL 
F O R  ADDITIONAL INFORMATION, SEE 
BbW DWG. NO. LRC-60835 F 

ROTATING P I N 7  

--2.00-\ f SEALRING 

1 0 6  WIDE x 0 2 5  DEEP SLOT 
TO PREVENT CAPSULE ROTATION 
DURING LOADING/UNLOADING 
OPERATIONS 

4 A  

2 13 

f '  
4.50 

BAYONE> LOCKING 
DEVICE 

Fig. D.16. Babcock & Wilcox fuel container. 
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