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Homer Lowenberg, Chief Engineer !
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Washington, D.C. 20555

Dear Homer:
BACKUP CALCULATIONS FOR TABLE D.4, CRBR FUEL CYCLE SUPPLEMENT

Enclosed are 5 copies of my calculations for the two Fuel Fabrica-
tion Plants and the Reprocessing Plant as developed for the sub-
Ject table. These may help you track my calculations from the
text and other source data (e.g., WASH-1248) in preparation for
the hearing(s). Please telephone if there are questions.
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CONVERSION FACTORS USED IN DEVELOPMENT OF TABLE D.4

1 kWh = 3.6 M)

1 MWH = 3600 M
1Bty = 1.05 x 1030 = 1.05 x 10°3 My
1 M, =1.08 x 1074 My equivalent coal*

3.6 x 10°2 MT SO, per MT equivalent coal**
~1 x 1072 7 NO, per MT. equivalent coal

2.3 x 1074 M1 CO per MT equivalent coal
~1 x 1074 M7 Hydrocarbons per MT equivalent coal
~1 x 102 MT Particulates per MT equivalent coal

1 ha = 2.5 acres

* Assume 1200 Btu/1b coal
1 Mlg = 3 My

3 M, M
TM = . 2
¢ 1.08 x 10'3mt/8tu » 12000 Btu/1b coal x 2200 1b/MT coal

= 1.08 x 10~4 M1 equivalent coal

** Emmission factors were calculated from data presented in Atmospheric
Emissions from Coal Combustion, An Inventory Guide. PublTShesd oy U.S.

epartment of Health, Education and Welfare Serv ce, Tables 2-2 and 2-3
(date unknown, but before 1974).



D.4 DATA CALCULATED FOR UD, FUEL FABRICATION (BLANKET) PLANT:

Basis: 11.1 MTU for CRBR fuel cycle.

Ratio of ~1/3 (11.1 MTU-CRBR to 35 MTU- LWR) to data presented in WASH-1248,
column E, Table S-3A.

0.2 acres (WASH-1248) x 11.1/35 = 0.03

2.5 acres/ha
0.16 x 11.1/35 = 0.02
Z.3
0.04 x 11.1/35 = 0.005
2.5
5.2 x 105 gallons x 11.1/35 = 1.6 x 10% gallons

~1/3 x 1.7 x 103 MWh x 3600 MJ/MWh = 2.0 x 106 MJ
~1/3x 0.62 x 103 MT equivalent coal = 200 MT

~1/3 x 23 MT S0, = 7 MT S0,
~1/3 x 6 MT NO, = 2 MT NO,

~1/3 x0.06 MT Hydrocarbons = 0.02 MT Hydrocarbons
~1/3 x0.15 MT CO : = 0.05 MT CO

~1/3 x 6 MT Particulates = 2 MT Particulates
~1/3 x 0.005 MT F~ = 0.002 MT F~

(But see calculation from Westinghouse EIA (NR-FM-013) - below)

~1/3 x 23 MT NO3" = 7.3 MT NO3~
~1/3 x 4,1 MT F~ = 1.3 MT F~
~1/3 x 10 MT NH3 = 3,2 MT NH3

11 MT CaF, (~1 MT CaF,/MTU as per text. Note that Column E is
incorrect. Should read 35 MT CaF, rather than 23 MT CaF,.)



WASH-1248 reports 2 x 10" Ci Uranium released to atmosphere in support of
model LWR.

CRBR uranium contains 99.8% U-238, 0.2% U-225.
For each 100 g U:
99.8 g U-238 x 3.33 x 1077Ci/g = 3.32 x 1°5Ci/100 g (98.83%)

0.2 g U-235 x 2.14 x 10-6¢ci/g = 4.28 x 10-7¢Ci/100 q ( 1.3%)
I X q

~1/3 x 2 x 10°%i U x .988 = 6.6 x 10°5 ¢i U-238
~1/3 x 2 x 1074 Ci U x 0.013 = 8.5 x 107 Ci U-235

Thermal: ’

~1/3 x 9 x 10% Btu = 3.0 x 109 Btu x 1.05 x 10°3 MJ/Btu = 3.15 x 106 MJ

USNRC 1977b (NR-FM-013), p. 3-11

.0286 gF "/sec x 3600 sec/hr x 24 hr/da x 365 da/yr x 11.1 MTU (CRBR)
T600 MTU (Westing-

house thruput)

= 6.3 x 10° grams = 0.006 MT/yr

31.18 g NH3/sec x 3600 x 24 x 365 x 11.1 = 6.7 x 106 g
7 T600
= 6.7 MT/yr

. -

p. 3-10
1.19 x 10~4 uCilU/sec x 3600 x 24 x 365 x 11.1 = 26uCi/yr
! Te0U

(Tess conservative than above)



0.4 DATA FOR MIXED OXIDE (CCRE FUEL) FABRICATION:

Using DOE data from Table 5.7 - 1, Amendment XIV

750 gallons/Jay x 365 ays/yr = 274,000 gal/yr
round to 0.3 x 10° gal/yr.

(This should be ncted - discharge to ground, since according to
DOE/EA-0116, nond‘scharged to river. Water is from wells.,

9 x 103 MWh x 3600 MI/MWh = 3.2 x 107 MJ
3.6 x 103 MT eq. coal

5 x 1072 = 126 (round to 130)

SO,: 3.6 x 103 x 3.

Particulates & NO, : x1 x10°2= 36 (round to 35)
HC: x1 x 104 = .36 (round to 0.4)
Cco : x 2.3 x 1074 - .83 (round to 0.9)

U releases (DOE/EA-0116) = 1.1 x 10-10 Ci/yr (natura) V)
at thruput of 6 MT/yr

Activity of natural U is

0.993 x 3.23 x 10°7 = 3.31 x 10°7 Ci U-238/g U
0.0072 x 2.14 x 1078 = 1.54 x 10-8 £ y-235/g v
3.31 x 10-; Ci U-234/g U

I=705.67 x 10

Thus, for 3.2 x 10" Ci U-235 released (Amend. X1V, Table 5.7-1)
from natural U, there should be

3.31 x 1077 x 3.2 x 101 = 6.9 x 10-10 ¢j y-238 released.
X

Ard, for 0.2% U-235, the U-235 released would be
0.2 x 3.2 x 1071 ¢ = 8.89 x 1012 ¢4
.77

Thermal: 3.6 x 103 MT coal x 2200 1b/MT x 12000 Btu/1b x 1.05 x 10-3 MJ/Btu =
1.0 x 108 MWy




D.4 DATA FOR REPROCESSING

Per Conceptual Design Report for DRP, zs noted in CRBR EIS Supplement:
90 acres = 36 hectares
10 acres = 4 hectares

80 acres = 32 hectares

215,000 gpd water to effluent pona
x 300 days/ys = 6.45 x 10’ gallons/yr for DRP
CRBR requirements, then are

6.45 x 107 gallons/yr x 11.86 MTHM (CRBR) = 5.1 x 105 gal/yr
IS0 MTA™ (DRP capacity)

202,000 gpd cooling water blow-down x 2 (egtimate for evaporation)
x 300 days/yr x 11.86 = 9.58 x 10 gal/yr
T IS0

Total = (9.58 + 5.1) x 108 = 14.7 x 106 gallons/yr

20 MVA x 24 nr/da x 200 da/yr x 3600 MJ/MVA*hr x 11.86 = 4.1 x 107 W)
X 150

4.1 x 107 MJ x 1.08 x 1074 MT eq. coal = 4.43 x 10~3 MT eq. coal
Plus:

2 boilers at 3.5 tons/hr =
7.0 tons/hr x 24 hr/da x 300 da/yr x 11.86 = 3.98 x 103 tons

= 3.62 x 103 M1
Total = (4.43 + 3.62) x 103 = 8.05 x 103 MT

SO,: 8000 MT x 3.5 x 10> MT/MT = 280 &7
: 5 x1 x10°2 =

NO, : = 80 MT

W-C: o x1 x100% * < o.8MT

. co: * x2.3x100% » - 2 M1
Particulate: . O 10'2 " = 80 MT



To calculate weight of water treatment sludge (DRP)
Assume: sludge aver. density =15¢g
solids density = 3.0 g/m)
Then weight fraction of solids in sludge = 0.2
25,000 gpd sludge (Conceptual Design Report) x 3.785 1/gal x 300 da/yr

x1.5 kg/1 x 0.25 x 1073 MT/kg x 11.86 = 842 MT/yr.
¥ Isu

Thermal:

8000 MT coal x 2200 1b/MT x 12000 Btu/1b x 1.05 x 1073 MJ/Btu =
2.2 x 108 W



) RAIS Ha et 47 Ao ced
M cdeulo«tzws, owel ,'Qou/‘
N P N 7 &fﬂm |

3) Tronde eopits Wf{l pilinst pagec

e e T8 e it by W
| Calsd BBt uand L M:,o)r% sppedie :
foom LB fo Tike 0. seldig Ao e
| onff«/( MW"‘%M ’
f//law‘f'——wmfm 0.F N2l + |
ok s, ;

| M%b£1APP.DPaLfML7W d
Bepd ui



NS

- ————— — —— ————— . ——
)

pmqes D-2 and D"/-

Table DI €p. D-D) ond doite ot fop of .
fJ. DY were culowlated based o F:"qrc ¢.3-)
of Pmend met 57 of He PSAR | ar Dramseitied,
Aj A.G. Goff! ORWL, 4o H. Louuéerﬁ F v/ /62

D- 2/'4. !

|
|
|

|
|



O 156 FUEL ASSEMBLIES
@ 76 INNER BLANKET ASSEMBLIES

@ 127 RADIAL BLANKET ASSEMBLIES
126

6§ ALTERNATE FUEL BLANKET
ASSEMBLIES

Q 15 CONTROL ASSEMBLIES

86 RADIAL SHIELD ASSEMBLIES
31

Figure 4.3-1  Clinch River Breeder Reactor Cure Lay out

Amend. %)
1532, Surce ! [_;{E AGC,,# + ﬂ.Lm‘an’ YADA‘——

Sept. 1979
§.3-150
D-z/ll. 2




Pa.7e: D-5 awd D-6 !

Toble D2 ;s a dicect vtervduz*b.\ o
Table & as Tronewited n B.Q Cu€%
[ctter + H. lowb\&u‘ , 4o 5L

Ebk 0.2 s a diect— reppdiction ot
Tabfe §, as edw'ecfe./, as Tramswited
in A.G. Crof€% feller 4 K Lom‘.u..“
fho 82~ ,

D-57/6.




Table 6. Physical characteristics of CRBR fuel assemblies

Core and

axial blanket

Inner and
radial blankets

Assenbly component lengths, e

Upper end hardware
Gas plenum

Upper axial blanket
Core or radial blanket
Lower axial blanket
Lower end hardware
Overall total

Fuel element total

Assenbly shape
Assextly flats, cm
Fuel element arrangemant
Fuel elements per assembly
Fuel element OD, cm
Fuel pellet OD, cm

Core

Axial blanket
Inner and radial blanket

Fuel pellet density,
Z of theoretical
Core
Axial blanket
Inner and radial blanket

Fuel element pitch, cm
Cladding thickness, o=
Channel thickness, cm
Channel height, ox

Circumscribed volume/assembly, m3

Heavy metal/assembly, kg
MO, assembly, kg

Stainless steel/assembly, kg
Assembly total weight, kg

—
NN NS

u.—ua-g
.

r b or-
ousu\oun
oo

- L I I -

hexagonal
11.62
triangular
217
0.584

0.491
0.483

29.2
124.5

162.6

109.2
426.7
290.6
hexagonal
11.62
triangular
6l
1.285

1.194

95.6

1.378

0.038

0.305
314

0.0607
100.85
114.39
122.6
237

#Based on data in ref. 10.

®(Pu,0)0; n the core and 00, in the axial, imner,

4 N. .’-ou&..‘vma, ‘///"’ [ax
D=s/6.2-

and radial blankets.

Seurce: bIEC RG.Cff



Table 5. Sumsary characteristics for the CRBR

Yuel region(s)*

Paraseter Fuel AB Tuel + A3 1B Y Fuel + Az + IR+ R
Electric pover, Mi(e) net 267 .4 6.1 273.5 6.9 29.6 3150.0
Thermal power, Mi(t) 745.0 17.0 762.0 130.5 82.5 975.0
Average specific powver,© 140.9 31.95 79.4 16.4 6.49 32.21

ME(L)/MTIRN -
Average fuel buroup, 76,031 2133 42,870 8693 7977 22,600 .
MWd/MTIHM
Effective irradiation dura~ 540 540 550 530 1229
tion, full-power days
Refueling cycle length, 275 275 275 275 275 275
full-pover days
Average sumber of 81 81 81 4l 28.2
assesblies charged
per cycle
Average charge, 44 Q
kg/refueling cyeled ,g'\
235g 3.6 b - 8.0 ,° 8.3 5.7 22.0 ‘3
Total uranium 1805.5 2!”7}, 359476 A134.9 2841.9 10,97
Pissile plutonium® .. 783.0 0 3:. 783.0 0 0 783.0
Total plutecaium 889.4 0 889.4 0 0 889.4
Total (U + Pu) 2694.9 2193.5 4888.« 4134.9  2B439 11,867
Average discharge,
kg/refueling cycled
235g 2.6 3.6 6.2 5.9 4.0 16.1
Total uranium 1715.8 214%9.0 3864.8 3960.2  2726.9 10,552
FPissile plutonium® 627.2 38.5 665.7 131.6 89.1 886.4
Total plutoniue 766.7 39.6 806.3 138.3 94.9 1039.5
Total (U + Pu) 2482.5 2188.6 4671.1 4098.5 2821.8 11,591

*Fuel = % 1.’ (Pu,U)0; region, AR = 00; axfal blankets associated wvith fuel,
IB = entire inper blanket, RE = entire radial blanket.

Nlu(hud average of inner radial blanket (& cycle residence) and outer radial
blanket (5 cycle residence).

“Based on rated pover leval.

‘Ann‘ol over & cycles.

2395 4 201py 4 239y,

Source: L.Ifi:' A.G-thf{ L W LOuOALua, "(/'—0’81_

D-5/6.3
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TABLE S-3A

Sumnary of Environmental Considerations for Nuclear Fuel Cycle
Normalized to Model LWR Annual Fuel Requirement

A B C D _ E F G H
Waste
Natural Resource Use Mining Milling W‘ Prod. Enrichment Fuel Fab. Reprocessing HManagement Transportation Total
»
Land (Acres)
U Temporsrily Committed 55 0.5 2.5 0.8 0.2 3.9 - - 63
Undisturbed Area 38 0.2 2.3 0.6 0.16 3.7 - - &5
\ Disturbed Area 17 0.3 0.2 0.2 0.04 0.2 - - 18
P Permanently Commicted 2 2.4 0.02 0.0 0.0 0.03 0.2 - 4.6
Overburden moved (millions of MT) 2.7 - - - - - - - 2.7
Vater (millions of gal.)
Discharged to air - 65 1.3 84 - 4.0 0.13 - 156
Discharge! to water bodies - 23.0 11,006 W 6.0 0.13 - 11,040
Discharged to ground 123 - - - - - 123
Total Water 123 65 26.) 11,090 5.2 10.0 c.26 - 11,319
. Fomsutll Fuel
Electrical energy (thousand MW-hr.) 0.25 2.70 1.70 310 1.7 0.45 00727 - n7
Equivalent Coal (thousand MT) 0.09 0.97 0,62 113 0.62 0.16 .003 - 115
Natural Cas (million scf) - 68.5 20.0 - 3.6 - - - 92

Sourze: UASH-I1YE

(Rec 19771)

€1-s




TABLE 5-3JA (cont.)

Swmmary of Environmental Considerations for Nuclear Fuel Cycle
Normalized to Mod "1 LWR Annual Fuel Requirement

(1) Estimated Effluents Dased Upon Combustion of Equivalent Coal for Power Ceneration

(2) Combired Eiflueats from Combustion of Coal and Nstural Gas and process tankage, contains 0.2 MT of Hexane
(3) 257 from natural gas use

: (4) 772 from process

] (5) Cortains about 80X Potaselums

Source: wWASH-12459 ( PEC 197¢4)

.

2s -
Saves o i ae o e

A 3 [ D E F 4 1]
Waste
Natural Resource Use Hining Milling ur‘ Prod. Enrichment Fuel Fab. Reprocessing Management Trausportation Total
Effluents
Chemical (MT
ul
Gases (MT]
SO. 8.5 37.0 29.0 4,300 23 6.2 - - 4,400
NO 5.0 15.9 10.0 (3) 1,130 6 7.1 (&) o 2.6 1,177
ydrocarbons 0.3 1.3 0.8 (2) 1 0.06 0.02 - - 13.5
co 0.02 0.3 0.2 28 0.15 0.04 - - 28.7
Particulates : - 9.7 7.6 1,130 6 1.6 - - 1,156
Other Cases -
F- - - .11 0.5 0.005 0.11 - - 0.72 5
>
Liquids
50, = - - 4.5 5.4 - 0.4 - - 10.)
uoj' - - 0.1 &7 23 0.9 - - 26.7
Fluoride -~ - 8.8 - 4.1 - - - 12.9
Ca_ - - - 5.4 - - - - 5.4
Cl’ - - 0.2 8.2 - 0.2 - - 8.6
Na - - 3.9 (5) 8.2 - 3.3 - - 16.9
NH - - - - 10.0 - - - 11.5
Tellings Solutions (thoussnds) - 240 1.5 . - - - " 240
Fe - - - 0.4 - - - - 0.4
Solids - 91,000 40 ] - 26 - - - 91,000

.
2Pt e =

——

—

WL el ee s - e

- .
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TABLE $-3A (cont.)
Susmary of Environmental Considerations for Nuclear Fuel Cycle
Noimalized to Model LWR Annuel Puel Requirement
A 8 c D E F G H
Waste
Natursl Resource Use Mining Milling UV‘ Prod. Enrichment Fuel Fab. Reprocessing Mansgement Traosportation Total
Effluents (cont.) » "
Radiological (curies)
Gases (Including entrainment)
Rn-222 - 74.5 - - - - - - 74.5
Ra-226 - 0.02 - - - - - - 0.062
To-230 - 0.02 - - - - - - 0.02
Uranium - 0.03 0.0015% 0.002 0.0002 i - - 0.032
Tritium (thousands) - - - - - 16.7 - - 16.7
Kr-85 (thousande) - - - - - 350 - - 350
1-129 - - - - - 0.0024 - - 0.0024
1-131 - - - - - 0.024 - - 0.024
Fission Products - - - - 1.0 - - 1.0
Transuranics - - - - - 0.004 - - 0. 004
Liquide
Uranlum & Daughters - 2 0.044 0.02 0.02 - - - 2.1
Ra=226 - - 0.0034 - - - - 0.0034
Th=230 - - 0.0015 - - - - - 0.0015
Th=234 - - - - 0.01 - - - 0.01
Trittue (thousands) - - - - - 2.5 - - 2.5
Ru-106 - - - - - ris - - 0.15"
Solides (buried)
Other than high level - 600 0.86 - 0.2) - - - 601
Thermal (billions of Retu) - 69 20 3200 9 61 1.0 0.02 3,360

* Ca-137 (0-075 C1/AFK) and Sc-90 (0.004 CI/AFR) are also caitted.

Sowvce: WhIM-12Y8 (REC 197¢b)

§1-8
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Table 3.4. Average and maximum emission rates (g/sec) of process gasas

Average at Maximum at
Chemical
400 MTU 1600 MTY 400 MTU 1600 MTU
Ammunia (NH4) 6.49 25.96 7.80 31.18
Fluorides (F*) 0.006 0.0238 0.0072 0.0286

“he DIFB process does not require the use of ammonia; therefore, should this process, wh(cn is
in :cvanced development, be adopted to replace the ADU process, the ammonia effluent would be
dissantinued. ‘\

5\ -
2.2.1.3 Monitoring orocedures

13cn release stack monitored is 2quipped with a device that continuously draws a sample through
! icw-0r2sity filter. The filter paper is then removed periodically and analyzed for uranium,
e ast analysis of air concentrations and flow rates have been utilized to give the total
~lease rate at the present capacity (400 MTU). These calculations were then extrapolated to
€517mate the releases at the projectes capacity of 1600 MTU. A scaling factor of 4 was used
‘or the chemical process areas. Lower values (2.2 and 1.6 respectively) were used for the
‘ur-ace exhausts and caloiner combustion gases. The emissions from the air comressor room,
wailer room, and UF; bay rest room are assumed to remain unchanged. Waste gases from chemical
srocessing are also periodically analyzed for ammonia and fluorides. Using a scaling factor
:f 2, the average and meximum ammonia and flucride gaseous effluent ~eleases for the present
coerating load of 400 MTU have been utilized to estimate the values to be expected at the
:rojected capacity of 1600 MTU. :

C3.3.2 Liguid effluents

. N\
Liguid wastes consist of two components’ sanitary wastewater generated by plant employees and
‘ngustrial wastewater generated by the manufacturing process. 8oth ADU and OCFB process was tes,
»11Cn Tay contain uranium, are processec through ion-exchange colums and circulated through
cartricge filters. The fluoride-containing wastes are treated with lime to form a slurry of
QF:, wmich is then distilled o remove the armonia for reuse. The slurry is then discharged
= he east or west lagoon for settling of the solids. ¢

Tie wtal annual flow rates are 47 million @allons for the 400-MTU capacity and are estimaced
2 te 29 million gallens for the 1670-MTU-capacity plant. A schematic diagram of the waste
s/siem is shown in Fig, 3.5; the components are identified in Table 3.5.

3.3.2.1 Padicactive liquid effluents

/ P
Tie raw waste streams are monitored for radicactivity before leaving the plant conversion area.
If Te uranium concentration exceeds a specified level, the stream is diverted for additicnal
Jrocessing. Liquid wastes from the process sicrubbers, the scrap-recovery line, and the OCFB
F70C2SS are stored in quarantine tanks on a batch basis and then sampied berfore relsase. Only
4raniun concentrations in liquid-waste streams below the specified level of 30 pCi/ml (the MPC
far ';-234 given in 10 CFR Part 20) are permitted to leave the plant area. \

in zidition to the isotopes of uranium, the liquid-waste streams contain small amounts o) the
clugnter products Th-231, Th-234, and Pa-224m. These radionuclides account for the presence of
cme Deta-gamma activity in the liquid-waste stream. N

\4
T'e average discharge concentrations and the total annual release of radioactivi_ty_tn..thc-ri&
fir e present 400-MTY operation, in addition—to-estimated values-for-the projected ]600-MT \
—ltrtionare-given In Tabie® 3.6. T s \

N
Sewrce: yr-Fm-013 (#RC 1577b)
| p-&.5



3-19

Table 3.2. Estimated d1rdorne uranium releases
e —————————————
Release rate (uC1/sec) at
——————
Effluent release point 400 NTU 1600 NTU

Furnace exhausts 3 1078

.87 x 10-%
.14 1075
.05 1073
.49 107¢
.74 1n=¢
.70 x 10-%
.30 x 10°%
19 x 107¢

OCF8? emergency exnausts 1 10°6
Conversion process exhausts " 10~%
Calciner combustion gas ; 10°¢
Air compressor room * 10°%
Boiler room exhaust _ : 10~
UFg bay rest room exhaust 3 10°%

- BN W EeENoWw

Chem lab exhaust 2 . 10°7°
Chem lab exhaust 6 . 1077 .83 x 1076
HP lab exhaust ; 107 59z 10*7
Incinerator exhaust .65 x 10~7 1.46 x 10°%

W w

Totals 45 x 10°5 /7 1.19 x 10257

3Direct-ccnverﬂon fluidized-bed. Source: ER, "Tabie 3.3-3,

4 J
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Natural Resource_Uge

Land_f(acres)
Temporarily Committed
Undisturbed Area

Disturbed Area
Permanently Committed
Water_f(gallons/day)
Discharged to air

Discharged to water bodies

Discharged to ground

e
Total water

Fossil Fuel

Electrical Energy (MW-hr/yr)
-~

f)tqulvalent Coal (MT/yr)

Q Effluents

J
‘ Chemicals
Gaaes* (MT/yr)

SO.

NOl

o

llydrocarbons
co
Particulates

F

i I /)me«Jmewf

CRBRP - SUMMARY OF ENVIRONMENTAL CONSIDERATIONS FOR

Mixeu Oxide

TABLE 5.7-)

Fuel Fabrication __

Uranium Dioxide***

(Core Fuell ___(Blanket) __ Beprocessing*eee
o o.ojﬁ' 10.0
- 0.0 9.0
- 0.01 1.0
- - 4.2x10%
-, - ‘ -
i S
7.5x102 j -
//
_71.5x10% _~ 1.3x10% 4.2x108
9.0x103¢s 4.2x102 -
ol
1.6x10%047S g 402 1.3:00°
/‘/'
133 5.8 0.4
15.2 1.5 3.9
0.36 1.5x10°2 -
0.66 3.8x1072 0.13
39.2 - -
e 1.7.10"3' >

i, £R (Do 1982)

FUEL CYCLE

Waste
Management

1.3

2.3

2.'{:102

2.2x103
2.47x10°

5.3x102
2.0x102

6x1072

9.1x10"2
s.1x1073
2.7x1072
6.5x1072

Transportation

Totai

11.37
9.05
1.01

2.3

4.2x108
1.3x104
2.95x10°
4.2x10%

9.9x10°
5.26x107

140
56.1
1.98
10.5
5.9
1.7x1073
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Table 4.

Initial compositions of 1000 kg of CRER heavy metal

Nuclide

Material type

Fuel

Blankets
No decay 4~y decay
U-234, g 0 6
U-235, g 1,340 1,372 2,000
U-236, g 0 16
0-238, g 668,660 668,660 998,000
Total uranium, g 670,000 670,054 1,000,000
Np-237, g 0 “
Pu-236, g 0.005 0.002
Pu-238, g 198 192
Pu-239, g 283,932 283,900
Pu-240, g 38,610 38,594
Pu-241, g 6,600 5,444
Pu-242, g 660 660
Total plutonium, g 33Q,000 328,790
Az-241, g . 0 _+ 1,152
Total heavy metal, g 1,000,000 1,000,000 1,000,000

Source: léﬂ?x— ﬁ,G C/lc'/‘//)jﬂlu /‘/ [ovu«.Ju‘/Lj . '//‘v"/&’\—
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236 -6

Pu Bx 10 "2
238?u 0.5%
239Pu 72%
ZLOPU 20.0%
261p, 6.0%

242y, .52 i Heo kﬁ
Fugr ~ U201
The annual amount of in-process PuO2 used in FMEF, including SAT,
+i11 be approxicately Q_gI,__ﬂg§1mum vault storage capacity for radio-
ac=ive materizl including Puoz, mixed o*xdes, uranium. and scrap will not
charze from 3120 kg. In addition, SAF will add approximately 600 kg of

in-process storage, principally mixed oxides.

The facility is designed to totally contain all radiocactivity in the
event of the design basis tornado and design basis earthquake (both 10.6
probabilicy per year. ) A special analysis was performed to confirm this
for the SAF program. Because of the additional fuel fabrication activities
incorporated into the combined facility, material safeguards have been up-

graded substantially.

The estimated binder/lubricant usage for FMEF has been increased by approx-
imately 100 gallons with the SAF addition.

Sowrce * FMEF f /l"i”m‘e’”f"& ﬂ:‘.’aﬁ?ﬂe 74 /"‘Me#
_&r \.LCUI’(, Mntoczc/ zomﬁ(JK}F) (DGE {991‘,}

D-10.3
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TABLE 2A: FNVIRONMINTAL RELEASES FROM
NORMAL, FMEF SAF OPERATIONMNS

v BUNTS

#0/=q

ﬁ'\ Envirommental
m Release
" Isotope ! _QA; Thoughput (MT) : Release Factor 3 Cleanup 3 (Ci/Yr)
D

o Pul® .32 x 1078 .001 1.25 x 1079 g2x 108
T§ pu’?® n¥ i .001 1.25 x 1078 %3 x 10
-\.mm 6.l6¥16™ 2.5 .001 _ 1.25 x 1078 22 x 107°
Upa  ganw! g .001 1.25 x 1078 22 x 107°
2 2l n2.f 2 .001 1.25 x 1078 .30 x 107
7 pu?t? 3nw™ .06 .001 1.25 x 1078 .30 x 1078
~ S .

O1) Istopic composition (typical) of plutonium dioxide (Pu0,) feed material used for fuel develep: :nt and
g’ fabrication. ) 2

32) Annual amount of in process l’uo2 estimated to be used during SAF operations.

te
=3) Exhaust gases will pass through a series of three High-Efficiency Particulate Absolute (HEPA) filters
‘\?’__‘, before reaching the environs. The HEPA filters will have an efficiency of at least 99.95 percent each.

FMGF ’ :
QL7 - prapor s ,/ SAF attre butohte »/dcﬂz'ffk/-%/

3.9°2

o Aoter rent Ak ai CRLREP dccounfab
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The Thorex process will be used for the thorium based fuels. Both processes

utilize a tributylphosphate (TBP) extractant in a normal paraffinic hydro-

carbon (NPH) solvent. In the solvent extraction and product conversion
steps, the fissile material is always denatured with uranium-238; the

final product has a minimum U-238/Pu or U-238/U-233 ratio of 3/1. Normally,
core and axial blanket fuel is processed together. However, provisions are
made to segregate the axial blanket, which is then processed separately
from the core in special cases. Radial blankets can also be processed

separately from the core.

The uranium, plutonium, and thorium fuel products are converted to oxides in
a form to be used directly in fuel fabrication. Therefore, agreements must
be reached with the responsible DOE and/or commercial groups that will
receive the products. Specific requirements are that the process perform
decontamination of plutonium with coprocessing of the products into the fol-

lowing compositions: 238 2. ThOz, mixed oxide consisting of up to 25 per-

cent of PuO2 and at least 75 percent 238002. and a mixed oxide consisting
of up te 25 percent of 233UO2 and at least 75 percent 238002.
Storage canacity for all oxide products is provided for 100 days of operation
at the maximum production rate for any of the four oxide products stated
above, Capacity to store 11quid'products temporarily for 30 days of opera-
tion 1s also provided. The design for storage and shipment of 238UOz-PuO and
238002- 233002 is in accordance with the requirements of 10 CFR 70, 10 CFR 73,

and applicable Department of Energy Interim Management Directives or Manual
Chapters.

Repro: essing Capacity. The HEF is capable of operating at a nominal

_Ebroughput of 0.5 metric ton of heavy metal (MTHM) per day when processing

- ~-u;—-m:"m~;";m~ cﬁ’-.q.. gw“ -a‘. X --- &

——
uranium-plutonium fuels, and 0.2 MIHM per day when processing thorium fuels.
Evaluation of the design indicates that the process can operate effectively

at a throughput of 0.25 MT of uranium-plutonium fuel per day.

N o * OQUL/cr-ﬁP-er// (poE (981a)
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2.0 BRIEF PHYSICAL DESCRIPTION OF PROJECT

The conceptual design of the HEF, as contained in this report, describes

a pilot-scale reprocessing facility that is capable of demonstrating
storage and reprocessing technology for typical breeder reactor and LWR
fuels, using either the uranium-plutonium or the thorium-uranium-plutonium
fuel cycle. The HEF processes and equipment can be scaled up for use in
production-sized plants.

This' conceptual design includes the facilities, support functions, and
equipment required for HEF to function as an essentially independent plant.

The project has been organized as shown in the work breakdown structure
(Figure 2.0-1).

The site assumed for the conceptual design is on the Oak Ridge Reservation
approximately two miles east of the proposed Clinch River Breeder Reactor
(CRBR) and two miles west of Oak Ridge National Laboratory (ORNL). The site

occupies approximately 90 acres. A new railroad spur is provided from the

Oak Ridge Gaseous Diffusion Plant (ORGDP). Water and natural gas are cupplied
from ORNL. Electrical power is supplied from both ORGDP and ORNL.

The dominant feature of the HEF is the Process Building, which is about

400 by 800 feet in plan and stands about 175 feet above the surrounding

grade. The major portion of this structure is of reinforced concrete
construction designed for seismic, tornado pressure, tornado missile, and

sabotage resistance.

The demonstration of advanced reprocessing technology, remote maintenance
techniques, and containme ¢ concepts will be done within the Process Building.

Both inside and surrounding the Process Building is an advanced safeguards

system to provide both physical protection and nuclear materials control.

SookCe © ORnL JcFRP- &1 /4 (Dog 19719)
p-11/42.3 2.0-1



11.11.1 Electrical (Normal and Standby) (WBS 5121)

Purpose. The electrical power system supplies power to the entire HEF
during normal and abnormal conditions. The power system includes two
incoming 161 kV transmission lines, standby power generation, power dis-
tribution equipment, and the 4.16 kV distribution system within the HEF.
The emergency power system is described in Section 11.9.7.1.

————— — . —— ——. "

Description. The Facility Single Line Diagram, drawing 12-P-001, shows ' : !
the conceptual design of the HEF plant distribution system. The Area '

Plan, drawing 11-A-001, shows the routing of the 161 kV transmission
lines and the Plot Plan, drawing 11-A-002, indicates the location of the
outdoor substations. The HEF estimated electrical loads are summarized
in Table 11.11-1.

Normal power. Normal electrical power is supplied to the facility from
two dedicated 161 kV overhead transmission lines approaching the site

from opposite directions. The transmission lines originate at ORGDP sub-
station K27 and ORNL substation X10, .and terminate at the primary breakers :
of the 161 kV — 4.16 kV distribution transformers. Each transmission line :
and associated primary distribution transformer 1is rated to supply the !
entire HEF load of approximately 20 MVA.

Outdoor substation No. 1 includes the 4.16 kV primary distribution switch-
gear which serves the entire HEF facility. The design of this switchgear
is such that operation of the HEF facility is not inhibited when loss of
power from one 161 kV source occurs. In this event, the normally open

bus tie breaker closes and restores power to the deenergized bus section

L0

and its associated distribution circuits.

Zhg normal power supply characteristics are:

e Capacity: 20 MVA (estimated)

o Voltage: 4.16 kV

SMVC@ . OQNL/CFRQ'G'/"

o-n/2.Y
11.11-3
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e Frequency: 60 Hz

- Phase: Three

Under normal operating conditions with off-site power available, two types
of electrical loads are served from Substation No. 1: emergency loads
(Class 1E) and normal loads (non-Class lE). Electrical distribution

from Substation No. 1 will be in underground duct banks.

Standby power. Standby power is that power furnished to procesa-felatéd

equipment which is not nuclear-safety-related but Las been selected to
remain operational to meet availability objectives in the event of loss

of the main power source. When of f-site power is lost from both 161 :V
lines, power to the main switchgear at substation No. 1 is provided from
the on-site standby generator Gl. (The emergency switchgear at substations
No. 2 and No. 3 is supplied from emergency generators G2 and G3, which

are described in Section 11.9.7.1.) The standby generator starts automati-
cally. and after reaching rated voltage and frequency, the supply breaker
closes and energizes the bus. To prevent overloading of the generators,
‘automatic load shedding and load reacceleration schemes are incorporated.
In addition, the plant operator will be able to manually disconnect or
energize equipment so as not to exceed the capacity limits of the ggnerator
to satisfy operational requirements of the plant. Upon return of off-s.te
power, the generator is manually synchronized w th the off-site system and
the normal power supply breakers manually closed to restore normal power

to the entire plant distribution system.

The standby power supply characteristics of standby generator Gl are:

- Capacity: 8,000 kW (estimated)

——

e Voltage: 4.16 kV
e Frequency: 60 Hz

- Phase: Three

Souute.' ORN‘-/CFRQ' 8'/‘( (OUE /98/0)

o-u/z.f
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> 11.11.4 Diesel 0il System (WBS 5124)

Purpose. The diesel oil system provides fuel to the facility emergency
and standby power sources. The diesel 0il system consists of two completely

independent diesel oil storage and transfer systems, one serving the

emergency power gereration system and the other serving the standby power

generation system.

11.11.4.1 Emergency diesel oil storage and transfer system

Description. This system consists of two ind ‘endent and redundant storage
and transfer subsystems, each serving one of the two redundant emergency
diesel generators. The major components of each emergency diesel oil stor-
age and transfer subsystem are shown in Figure 11.11-1 and drawing 12-A-001.
Each subsystem consists of a horizontal diesel oil storage tank, transfer
pump, day tank, and interconnecting piping. The emergency diesel oil stor-
age tanks are located on the north side of the Process Building in two

separate underground concrete vaults. Each tank has a 30,000-gallon capa-

city — the guantitz_:gqui{gg_fqg_gn;pterrupted operation for a period of

-

-

v "
—

seven days.
" c———

The underground tank vaults are classified as Category I structures, and
access r~ the tanks is secured to meet the facility safeguards require-
ments. The emergency diesel oil day tanks and transfer pumps are located
inside the hardened structure (Category I) of the Process Building in sepa-
rate rooms. Each day tank has a capacity of-300 gallons of diesel oil,
providing a minimum of 60 minutes of uninterrupted operation at 110 per-

cent of the rated capacity of the diesel-powered unit.

One emergency diesel oil transfer pump is used to transfer fuel from the
storage tank to the day tank when the level in the day tank has dropped to
a predetermined setting. Pumps are vertical, motor-driven, mounted on

the storage tank, and powered from the Class lE power source. Intexcor-

necting piping is run underground, properly anchored and protected to

Sourtt: Oﬂu_/cﬁap-ec/v (vo€ 1981a)
D-11/2.6
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Normal cooling water is circulated through the lLeat exchange surfaces of

process closed-loop and nonprocess heat-generating equipment, using any

two of the three installed 50-percent cazpacity pumps. Pumps are vertical

deep-well type, rated at 14,500 gpm at 150 feet of head each, and dtiigi

by 700 HP electric motors, Electric power is supplied from the normal

"and standby power sources.

Each pump discharges inro a 30-inch carbon steel header, and all three
headers are manifolded into a 36-inch cold water distribution main from-
which different branches feed heat exchangers in the Process and Utilities
Buildings.

The cooling water is returned to the cooling tower in a 36-inch diameter
header at 98°F and is pumped out of the tower 85°F. A 30-inch self-cleaning
strainer is provided at the discharge side of each cooling water pump.

Blowdown of the normal cooling water s}sten is continuous in order to main-
tain proper water quality and is routed to the noncontaminated wastewater

treatment system described in Section 11.11.13. Makeup water for bloudoﬁn.

evaporation, and drift losses is provided by the primary water supply system.

.

During standby operation, some of the cooling water uses will be discon-
tinued, The heat load on the cooling tower will decrease, and operation
of three out of the four fans will be adequate to dissipate the corres-

ponding heat load. .

A\ d

Technical uncertainties. Chemical treatment of the normal cooling water

for corrosion and algae and slime control must be determined during detail

design.

\
Souvce: ORN/CFRP-57/4 (DOE- I198%)
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11.11.6 Steam System (WBS 5126)

Purpose. The HEF steam system comprises a steam generation plant and con-
densate collection system designed to provide steam for the following users:

e Closed-loop process steam generation
e Process jet steam generation
e Process hot water system

e Process Building heating, utility stations, decontami-
nation, and cold chemical makeup requirements

e Support Building heating

e Winterization requirements.

This sjiten does not include steam distribution and condensate collection
systems inside the Support or Process Buildings or the closed-loop process

steam systems. However, parts of these systems are described here for

clarity.

Description. The major components of the steam system are shown on draw-
ing 12-U-005, Steam System. The steam generation and condensate collection
system consists of two coal-fired boilers, associated feedwazer and combus-
tion control systems, a boiler blowdown tank, two full-capacity feedwater
pumps, and a deaerator, all located inside the Utilities Building. Con-
densate collection tanks and transfer pumps are provided in miscellaneous
locations; a condensate storage tank and tran;fet pumps are also provided
and located outside the Utilities Building. Makeup to the steam system is
provided from the demineralized water system. .

The boilers are spreader stoker-fired type with continuous traveling
grates and are capable of using natural gas as an alternate fuel to coal.
Each boiler is sized to deliver 75,000 1b/hr of saturated steam at &
pressure of 350 psig and is capable of meeting the maximum steam demand.

Poarce: ORMACERP-81/4 (00E 19612
D-vlﬁl.s’
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At this capacity, each boiler's coal copnsumption rate is approximately

3.5 tons/hr. Each boiler is equipped with air pollution control devices

to ensure that stack emission will meet EPA, State of Tennessee, and local

code requirements.

The boiler blowdown tank is a vertical steel tank with internals designed
to separate vapor and liquid. The tank is six feet in diameter and eight
feet high and is equipped with a vent stack. The tank is discharged to

the noncontaminated wastewater treatrsnt system (see Section 11.11.13).

The feedwater pumps are horizontal centrifugal type with 100 HP motor
driver each. The pumps are capable of pumping water at an elevated tem-
perature of 240°F with a total discharge head of 1,000 feet.

The deaerator is a spray/tray type steel vessel with a 150,000 1b/hr
capacity, equipped with a steam heater to maintain feedwater temperature

at saturation.

Plant steam is furnished to supply heat for generation of process and jet
steam in closed-loop systems. Plant steam condensate from these systems
is collected and condensed in a process condensate flash tank located in
the Process Building at 146-foot elevation. The condensate is monitored
for contamination and returned to the condensate storage tank in the yard.
If traces of rontamination are detected,the condensate flow from the pro-
cess condensate tank is then diverted to the general-purpose concentrator.
All other condensate in the Process Building is collected in a separate

vertical condensate collection tank located at the 76-foot elevation.

Soume: OANL/CFRE - QIA (o0& &I °~>

R
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11.11.1!3 Noncontaminated Wastewater Treatment (WBS 5!37)

Purpose. The noncontaminated wastewater treatment system provides for the
treatment of nonradicactive effluents except sanitary wastewater prior to

their discharge to the effluent pond and ultimately to the environment.

Description. The noncontaminated wastewater treatment system, shown sche-
matically in Figure 11.11-10, consists of flocsnulation and clirification
followed by media filtration. The system components are located outdoors
inside the Controlled Zone in the area adjacent to the cold chemical storage

: tanks, as shown in drawing 11-A-002, Plot Plan.

The surge holding basin, measuring 100 feet long by 50 feet wide by 10 feet

A

de2p, receives all nonradicactive liquid effluents as shown in drawing
12-U-001, Water Use Diagram. Flows into the surge holding basin are
generally gravity-fed and, with the exception of the effluent from the
demineralized water system, receive no prior treatment. Liquid effluents
from the demineralizer regeneration and‘rinsc cycles are pH- adjusted in

a pH adjustmert tank prior to discharge to the surge holding basin.

Frem the surge holding basin, the waste stream enters a flocculater/clarifier,
where chemicals (e.g., lime) are added to precipitate some of the dissolved
inorganics such as calcium, magnesium, other metals, and alkaline substances.
The removed sludge is passed through a thickener where the solids are re-

moved and shipped off site. The liquid overflow from the flocculator/clarifier,
clarifier is passed through uedi; filters for further purification before

-

it is discharged to the effluent pond.

Source: ORNL/CFRP-81/4 (90E 19914)
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Figure 11.11-10 NONCONTAMINATED WASTEWATER TREATMENT
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OAK RIDGE NATIONAL LABORATORY
OFERATED @Y
UNION CARBIDE CORPORATION
NUCLEAR DIVISION

=

POST OFFICE BOX X
OAK RIDGE, TENNESSEF 37830

April 20, 1982

Mr. H. Lowenberg
Office of Nuclear Materials
Safety and Safeguards
U.S. Muclear Regulatory Cormission
7915 Eastern Avenue
Silver Springs, MD 20910

Dear Homer:

Enclosed is the revised ORIGEN2 outiput for the CRBER that you requested
during our recent meeting in Silver Springs. I have made the following
changes in the calculations per your request:

I. altered the averaging procedures so that the ORICEN2 mass
flows agree with the physical masses,

2. assumed a 4 y pre~irradiation fuel decay period,

3. eliminated the output sections for the rore assembly and the |
reprocessing outputs from the core + core axial blanket and ' |
the inner + radifal blankets, and |

|

4. added an output section decaying the entire annual batch of
discharged spent fuel. |

Enclosed you should find the following items:

l. a summary ORIGEN2 cutput on paper for the CRBR and a table
of contents for same,

2. a detailed ORIGEN2 microfiche output for the CRBR and a table
of -ontents om paper for the same, and

3. a set of tables describing the revised CRBR model.

\
|
It will be 1 to 2 weeks before I can work om the graphs since I will ‘|
not be back in towr until April 26 and there are several alterations to |
be made to the input decks to accommodate the changes that you requested.

D-13/14. 2
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ORIGEN2 Decay Calculation Parameters

The decay times employed in the calculations are self-evident by
inspection < the column headings in the computer output and they will
not be lis ed here. Major assumptions and parameters used are as
follows:

a. the fresh, undecayed fuel was assumed to be decayed for 2 years
before irradiation,

b. the spent fuel is assumed to be reprocessed !50 days after [
discharge from the reactor, g

c. the parameters used during reprocessing are as follows:
1. 0.5% of the uranium and plutonium goes to the HLW,

ii. 0.05% of the nonvolatile fuel material is retained with
the cladding,

1ii. 0.69% of the fuel assembly structural saterial is assumed
to dissolve and go to the HLW, :

iv. 0.1% or the halogen elements and none of the noble gases,
tritium, and !“C is assumed to be in the HLW. ;

d. the compositions of the HLW, structural material waste, plu-
tonium product, and uranium product are based on "blended” fuel '
which is generated by weighting each of the fuel zones in
proportion to the rate at which it is charged to the reactsr
(see first column of Table 2).

ORIGEN2 Output Description

The ORIGEN2 output is comprised of several segments for different
materials and/or decay times. The first two segments summarize the com-
position of the charged and discharged fuel and structural material for
each of the fuel zones on a 1.0 MTHM basis. Only masses (grams) are
given and no decay times are provided.

The next four segments decay core + core axial blanket, radial
blanket, core, and inner blanket fuel assemblies, respectively. Fur
these segments and all succeeding segments, only summary tables (defined
below) are given. The table types provided are mass (grams), radio-
activity (curies), thermal power (watts), inhalation hazard (m? air to
dilute to 10 CFR 20 values), ingestion hazard (m? wastes to dilute to
10 CFR 20 values), and alpha radiocactivity for the actinides (curies) and

_neutron production. Decay times range from 60 days to 10 years. All of

these segments are based on one fuel assembly (not 1.0 MTHM). 2
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C. A. GEFFEN

NOTES FOR CALCULATIONS PERTAINING TO TRANSPORTATION
IMPACTS FROM CRBR FUEL CYCLE

I. Calculations for Transportation Accidents Involving Radioactive Material

Section 7.2 CRBR EIS
From NUREG-0170 (p. 5-5):

Probability of an accident Ts ek o Train
1.06 x 10 °/km 0.93 x 10-6/km

Using Model II (p. 5-23, NUREG-0179Q)

all but category I accident severe enough to fail LSA for Type
A containers; accident severity categories of 6, 7 or 8
required to fail Type B containers.

From NUREG -0170 (p. 5-11, p. 5-15):

Probability of categery accident: Truck Train
I G.55 N/A
6 0.0011 1.3 x 10-4
7 8.5 x 10-5 6.0 x 10-5
8 1.5 x 10-5 1.0 x 10-5

1) Probability of accident that might fail Type A container is (Truck)
(1 - 0.55) = 0.45

accident rate: = 1.06 x 106 acc x 0.45 = 4.77 x 10~/ acc

km km
= acc
million km
4.77 x 1077 acc x 4000 km x 10 Type A shipments _
km shipment yr

0.01908 accidents/yr
= 50 years per accident

2) Probability of accident that might fail Type B container is (truck)
[0.0011 + (8.5 x 107™°) + (1.5 x 10°%)} = 1.2 x 103

RECEIVED

JUN 22 1982
WL C. NELSON
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TABLE S-1 5
ACCIDENT RATES

Accidernt Rate

Mode (per vehicle-kilometer) Reference
-8 .
Aircraft 1.44 x 10 5-2
L i s
Truck, Delivery -6 “‘\\\
. Van 1.06 x 10 L 5-2, 5-5
eV .46 x 107° 5-5, $-7

Train .93 x 10 5~2, 5-7,

M - ik e & D 5-8

Helicopter .63 x 10°°

6

ship, Barge 6.06 x 10~ 5-10

Also see K. A. Soloman, "Estimate of the Probalility that an
Aircraft Will Impact the PVNGS," NUS-1416, June 1975,

-
'Rail accidents are given as railcar accidents per railcar-
kilometer.
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-t TABLE 5 8 (continued)
LR RELEASE FRACTIONS
Model 11
o ¥ s “-?\
g UL Tvbe B
Severity LSA ~ 71275 1985 Cask Cask
Cateqory Drum Type A No Pu Pu Pu (exposure) {(release) Icv P
I 0 0 0 0 0 0 0 0 TR
I .01 .01 o | o 0 0 0 0 L
i ‘ B
o 11 A A « 0 0 0 0 .01 0 },
v i.0 1.0 A 0 0 0 i 0 k.
v 1.0 1.0 “t0et\ 0 0 0 1.0 0 |
—_— 1.0 1.0 1.0 .01 o | 3.18x10”7 1.0 0
g VB 1.0 1.0 1.0 .05 .01| 3.18x307° 1.0 0
— V111 1.0 1.0 1.0 \.1 g ] 326073 1.0 . ol
\\ o
r e o)
~
i
~
S
e e R NSRS . — - A
» wmseveanre wr : : S, T e i & e s e s T T T e et e~ - — ok R
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a
a
o TACLE §5-3
FRACTIONAL OCCU&’REN(.ES' FOR TRUCK ACCIDENTS BY ACCIDENT
SEVERITY CATEGORY AND POPULATION DENSITY ZONE
Accident €« Fractional Occurrences According
Severity Fractional to Population Density Zones
Category = ___ Occurrences f Low Medium High
= 1 .58 ° .1 1 -
(\_ e e S - ,_,.)
Il -y .36 " " | .8
IIx 07 «3 .4 " |
o 3
- v - , .016 .3 .4 3
v . . __.0028 .5 ad =
. s _\.:\
VI .0011 | .2 = |
ot
- VIl 8.5 x 10 ) .8 -3 o
( ‘ VIII 1.5 x 1073 J .9 .05 .05

e .
Overall Accident Rate (Ref. 5-5) = 1.06 x 10 6 accidents/kilometer
(0.46 x lt)'6 accidents/kilometer for ICV's)

QLI O-D93YNN
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TABLE 5-5

FRACT IONAL OCCURRENCES. FOR_TRAIN ACCIDENTS BY
ACCIDENT SEVERITY CATEGORY AND POPULATION DENSITY ZONE

Accident . Fractional Occurrences According
Severity Fractional to Population Density Zones
Category Occurrences Low Med ium High
1 .50 S P ¢ .8
11 .30 % | N | .8
111 ¢ .18 +3 .4 o3
1v .018 P .4 |
g g . .0018 o3 o3 2
- VI 1.3 x 1074 w g .2 3
vir 6.0 x 1073, .8 A 1
vIII 1.0x10°% 7 .9 .05 .05

—
Overall Accident Rate = 0.93 x 10'6 railcar accidents/railcar-kilometer.

e o O O h - L e e — ey

QLIO =9H33nN
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accident rate: =

1.06 x 107 acc x (1.2 x 1073) = 1.27 x 10°? acc
m km

= acc/800 million km

1.27 x 107 acc x 4000 km x 70 Type B shipments
km shipment yr

= 3.56 x 10”4 acc/yr
= 2800 years/accident

3) Probability of accident that might fail Type B
container is (Train)

(1.3 x107%) + (6.0 x 107%) + (1.0 x 10°%)] = 2.0 x 107

accident rate: =
0.93 x 1078/km x (2.0 x 10°%) = 1.86 x 10°'0 acc/km
= 5400 million km/acc

-10
1.86 x 10 Eﬁi x 4000 km X 34 shipments = 2.53 x 107>
shipment yr acc/yr

= 40,000 years per accident




II.

Contributions to Table D.4.

Summary of Environmental Considerations for the CRBRP Fuel Cycle
Annual Requirements

Total trip miles for CRBRP fuel cycle (from Tables D.12, 13)

TRUCK One way trips Miles

Fresh fuel materials 28.3 2500

14 3000

14 P 10

Wastes 39 2500

IL 33.5 2500
Total round trip miles Truck: 420,780

Rail : 167,500

From NUREG-0116: a truck averages 4.9 miles/gallon of diesel fuel (p. 4-148).

Contribution from 1 car within a train assumed negligible; thus, results
are based on truck-miles.

Emissions for diesel engines are based on the following per 1000 gallons
of diesel fuel.

co 102 kg
HC 16.8 kg

NOX " 168 kg
: SOx 12.3 kg
. e . . Particulates 5.9 kg

- from NUREG-0116 (p.4-148)

According to DOE (ER Amendment 14), we have 450,000 miles of total
transportation. This is the number used in this analysis:

450,000 miles

4.9 mpg = 91,836.73 gallons diesel fuel.

= 92,000 gallons of diesel fuel
Emission yields are 91,840 x values in NUREG-0116 or:

co 102 kg x 91,840 = 9.4 MT
HC f 16.8 kg x 91,840 = 1.5 MT
NOx 168 kg x 91,840 = 15.4 MT
SOx 12.3 kg x 91,840 = 1.1 MT
Particulates 5.9 kg x 91,840 = 0.5 MT

——— .
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|
‘ ¥ Radioactivity - The sverage radicactivity of fuel cycle waste shipments is

: summarized in Table 2.34,

1
; Accident Rates - The accident rate for trucks is taken as 2.5 x 10'6 accidents per
' mile; for rail, 1.5 x 10" accidents per railcar mile, and for barges, 9.4 x 107

| accidents per barge mile, based on available uu.""” An analysis of accident

! rates as a function of accident severity is contained in Appendix B of wAsn-tm‘ and“
a more recent, more detailed analysis is given - . "Severities of Transportation
Accidcn’.s"o for all modes but barge transport.

’ 4.9.4 Environmental Imnacts o, L
Weight and Traffic Density - There can be as many as 18 waste shipments by truck :
i on public highways for the annual us'u requirements of facilities supporting a mode)
“ | LWR, but excluding waste from the LWR itself (except for spent fuel in the no-recycle '
|.‘ case). The TRU shipments may involve return of reusable shipping packages. Accordi~g %
i to the Federal Highway Administration, the average number of trucks‘;zm' day on any
" section of the U.S. highway system varies from about 100 to 10,000. Total truck 3
“ miles traveled on U.S. highways in 1974 were estimated to ucnd 55 bi11ion. 13 The *‘.'-A
'I‘ truck mileage associated with waste shipments related to a model LWR is, at most,
»2, 18,000 (Table 4.34), which is lefs than one millionth of total truck travel in 1974, "
|§ s and thus is too small to have a measurable effect on the environment from the in- “'"
; crease in traffic density. The same conclusions nhold true for rail shipments. z
g The number of drums of waste per vehicle can be adjusted so that the truck can s
] stcy within weight restrictions imposed on highway vehicles and railcars. Therefore, "_:ﬁ-
i there need be no excessive loads on roadbeds or bridges. .:*,.,
}’ Injuries, Fuel Use, and Fuel Emissions - The nonradiological environmental effocts :':::
‘ of the shipment of materials from the nuclear fuel cycle are similar to those characteri:. '3-
.! _ tic of the trucking industry in general, in terms of injuries, fatalities, fuel use, T
S : and emissions. Fuel cycle waste transportation adds about 18,000 milos of truck travel, »
i 1nc1.udinq return of empty casks and protective overpacks. According to the American “
‘! Trackfhg Association, an intercity truck averages 4.9 miles per gallon of diesel fuel, X -
i and, during 1970, trucks consumed more than 25 billion gallons of diesel fuel. The i .,
“,‘ 3700 gallons of fuel that would be used to transport nuclear waste in support of a ;f-
! 1000-Mie nuclear reactor is less than 1078 of the fuel used by the trucking industry f{-
in 1970. Based on emission yields for diesel engines of 102, 16.8, 168, 12.3, and *>
5.9 kg per 000 gallons o( diesel fuol respectimor L hydrocarbons, NU"‘SXT':"E‘_ ‘~
pa;ﬁ;!ates. the com:mstion of 3700 qanons of diesel ml would release about 0.38, g
0. 062. 0. 62 0.085, and 0.022 MT respectively, which are very small annual emissions.® : :
Using rates of 0.03 fatality and 0.51 injury per lccident" yields 1.3 x 10'3 .-:" ‘
fatality per reactor year (about one death per 740 reactor years), and 2.3 x 10'2 "'

~
s

injury per reactor year (about one injury per 40 reactor years) as transportation risks
from common causes.

.

*"Final Environmental Statement, LWBR Program,” ERDA-1541, June 1976, Table IX, G(A)-3.
4-148

L <
ST S
o

g W0

S Mw-‘a‘u.-‘—-‘tjf-{-‘ "'“‘p}?!“ v“;}
gl 4™



The value for heat generation during transportation includes contri-
butions from the irradiated core and blanket assemblies and high Tevel
waste. These items account for most of the heat generated during transport.

From Tables D.14 and D.15,

Watts Number of Days per
Material per Shipment Shipments/yr Trip
Spent Core 2 x 104 14 6
Spent Blanket 5.4 x 103 12 6
HLW 2.6 x 104 g s 6

Total heat generated is:

[(2 x 104 w/ship)(14 ship/yr)(6 days)(24 hr/day)] = 4.03 x 107 wh/yr
+ [(5.4 x 103 w/ship)(12 ship/yr)(6 days)(24 hr/day)] = 9.33 x 106 wh/yr
+ [(2.6 x 104 w/ship)(3 ship/yr)(6 days)(24 hr/day)] = 1.12 x 107 wh/yr

=2.2x105M




TRANSPORTATION DOSE CALCULATIONS
Population Dose Totals

Shipment Fuel
Fresh fuel 0.55597

Fresh blanket 0.00753

TRU (fuel fab) 0.31345
Spent fuel 0.73694
Spent blanket 0.63167
Radial Shield 0.00237

Pqu 0.66F98
HLW 0.%.F
Tru/scrap 1.50451
LLW 0.12539
Plant Radwaste 0.50148
5.22 rems

DOSE_TO CREW MEMBERS

Dose rate is computed from the following:

0(d) = ke-ud B(d)
d p. D-1, NUREG-0170

with d = 3 meters (10 feet)
¥ = 103

0(d) = 103 [e’[('°°“8)('°;]][(.ooos)(10) + 1]
. %A 10

= 10(0.98827)(1.00600) = 9.942

Thus, dose rate @ 10 feet = 9.942 mrem/hr.

BUT Computed dose rate > 2 mrem/hr.
By regulation it cannot exceed this, so it is assumed that
shielding is introduced to 1imit dose to 2 mrem/hr as
required for exclusive use vehicles.

Then: with 1) 2 crew members per truck

- 2 guards per rail shipment for spent fuel

2) crew exposed only during actual travel

Duration of exposure = distance
average speed
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APPENDIX D
POPULATION DOSE FORMULAS FOR NORMAL TRANSPORT

The formulation for the assessment of population dose is based on an expression for dose
rate as a function of distance from a point source of radiation. This point source approxi~
mation is acceptable for distances between the receptor and the sourco.of more than two source
characteristic lengths. At smaller distances, the point source approximation overpredicts ex-
poture and, therefore, will provide a conservative estimate of dose. The dose rate formulation

is given py:

~pd b
0(a) = Xe B(d (0-1)

where D(d) = dose rate at a distance d (mrem/hr)
d = distance from source (ft)
u = absorption coefficient for air (.00118 ft ')
B(d) = Berger buildup factor in air, where in this case B(d) = .0006d + |
(dimensionless) (Ref. D-1)
K = dose rate factor (nre-—ftzlhr)

0.1 DOSE TO PERSONS SURROUNDING THE TRANSPORT LINK WHILE THE SHIPMENT IS MOVING

An expression for the total integrated dose lbsorﬁid by an individual at a distance x from
the path of a radioactive shipment with dose rate factor K passing at velocity V has been
derived (Ref. D-1) from Equaticn (D-1) and is given by

0(x) = 2§1(x) (©-2)

where V = shipment speed (ft/hr)
x = perpendicular distance of individual from shipment path (ft)

.' 'ur
1) = f'(—z—"%%g
r(r-x
X

By appropriate transformations, this integral can be expressed in terms of modified Bessel
. functions of the second kind of order zero, which can be evaluated. For a K of ! nre-‘!lzlhr

g aVof ) mile/hr, the absorbed dose as a functon of x is as shown in Figure D-1.

In order to obtain integrated population dose in sectors of length L and width d on both
sides of the roadway (Figure 0-2), Equatioen (0-2) is multiplied by the average population
density and L and integrated over the width of the strip

0-1

o




Duration of exposure for truck shipments:
(39 + %+ "30] 2500 miles = 47.58 hr
(57.09 for Pqu)
Duration of exposure for rail shipments:

U3 B * 937 2500 mites = 103.33 hr

2% 1%
Dose to crewmen = 2 mrem/hr x ATship x Nc x SPY
(mrem)
Tasle D. 16
Shipments Spy AT Dose
Fresh fuel 14 47.58 2664.5
Fresh blanket 12 47.58 113.5
TRU (fuel fab) 5 47.58 951.6
Spent fuel 14 103.33 5784.8
Spent blanket '3 12 103.33 17.9
Radial Shieid(d) 4.5  103.33 6.7
Pul 14 57.09% 3197.0
. (a)
HLW 3 103.33 4.5
TRU/scrap 24 47.58 4567.7
LLW 2 47.58 380.6
Plant Radwaste 8 47.58 1522.6
< 1
19211.4 mrem
S b = 19 rem

(a)For rail shipments with no guard requirements, dose is
calculated using separation distance of 152 meters (500 feet)

1) (d) = 103 [¢~(-00118)(5000) 11 a006(500) + 1] 5.8 &
2 . X
) 500 mrem/hr

: = -3
Then: Dose = 2.88 x 10 mgﬁm x SPY x Nc x ATship where Nc = §

From NUREG-0170 (p. D-8):
Dose to persons surrounaing transportation link while shipment
is moving:

fsPDs
* Vs

fuPD
+ == (fo + 1.636f, )]

-10 frpDr
Dose (person-rem/yr) = 3.47 x 10 (k) [ Vr
x PPS x SPY x FMPS
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0.4 DOSE TO CREWMEN

The annual dose to cCrewman is obtained directly from Equation (D-1) by using an average
source-to-crew characteristic distance (d) for each transport mode:

.
-ud
e B(d k .
(Dose),,oy = Q3(K)(TII(PPS)(SPY)(N,) —?—U &Tonip (0-12)
where nc = number of crewman aboard
= average distance to crew compartment (ft)
Q3 = 107 {rem/mrem) ]
X 'r f’ ™

) ATsMp = average tfn required for a shipment = V: + V; - v:‘-‘ FMPS

FMPS = average distance (miles) per shipment

-vd » . -
The values of '—?—'m for the assumed values of .@ for the various modes are shown below:

il o""’ 8(d)
1

—— ————

! Mode d(feet) P 5
i —Van T e e 3,03 IO E " Wi
! Truck 10 9.94 x 1072
—Pass —Aircraft —- - 50 ~- oWt T \
‘ Cargo Aircraft 20 2.4 2 0 T
i Rai) 500 2.88 x 107
!fl ship s 200 e e 2,21 % 10 D ~.
i Barge 150 - - 406 K 1070 e N

Because of roquhtor'-y Jimits for dose rate in the crev compartment, 2 mrem/hr is used as
) an upper limit for dose rate in this assessment. If the TI carried would cause this iimit to

i f be exceeded, it is assumed that shielding would be introduced to reduce the dose rate to this :

——, b

R e —

level.

: D.5 DOSE TO PERSONS IN VEWICLES SHARING THE TRANSPORT LINK WITH THE SHIPMENT

Figure D-3 shows a truck carry ing . wdioactive material. The truck is traveling at a speed
V along with other vehicles in the same lane. Occasicnally vehicles traveling in the opposite
direction pass the truck in the other lane. There are two separate doses to be computed:

1
l i _
i 1.  The dose to persons traveling in the opposite direction from the snipment and

&, The dose to persons traveling in the same direction as the shipment.




Variables

Shipment k fr PO, Vo fs PG Wy fu PD, Vg fo f;  SPY  FWPS
Fresh Fuel 0° .9 15 55 .05 2000 50 .05 10000 30 .02 .98 14 2500
Fresh Blanket 10 .90 15 55 .05 2000 50 .05 10000 30 02 .98 12 2500
TRU (fuel fab) 0 9. 15 55 .05 2000 50 .05 0000 30 .02 .98 s 2500
(R) spent fued®) 103 90 15 25 05 2000 25 .05 10000 1 o®) 14 2500
(R) Spent Blanket 10 .90 15 25 .05 2000 25 .05 10000 15 o®) 1 12 2500
(R) Radial Shield 10 .90 15 25 .05 2000 25 .05 10000 15 o® ;4.5 2500
PO, el R T TR N rosaiie 98 14 3000
(R) HLW 0° 9 15 25 .05 2000 25 .05 10000 15 0 | 3 2500
TRU/scrap AR T TRRY N i e (I et .98 24 2500
LLW 10° .90 15 55 .05 2000 S0 .05 10000 0 .02 98 2 2500
Plant Radwaste AT T TR MR e e e el et 8 2500

(R)assume same method used for rail '
(a)per 0170, on link dose is negligible
(b)assumed



DOSE DURING SHIPMENT STOPS
Dose = QK (SPY) [ATr(PDr) + ATS(PDS) + oTu(PDu)]

= 2.54 x 107 K (SPY) [aT,(PD,) + aTy(PD,) + aTy1PD,)]

Variables

Shipment K SPY aT, PO, aT, PO, aTu
Fresh fuel 103 14 10 200 0 0 0
Fresh blanket \ 10 12 70 15 5 2000 0
TRU (fuel fap) 103 5 70 15 5 2000 0
Spent fuel 103 14 3 15 ¢ 0 0
Spent blanket 103 12 3 15 0 0 0
Radial Shield 10 4.5 36 s "8 0 0
Pud, 10° 14 12 200 0 0 0
HLW 103 3 36 15 3 65 0
TRU/scrap 103 24 70 15 5 2000 0
LLW 103 2 70 15 5 2000 0
Plant Radwaste 103 70 15 5 2000 0

OOOOOOOOOOOS



Dose to Persons in Opposite Direction from Shipment
Dose = 1.82 x 10° (K)(‘PY)(!-MPS;(P) X

1 1 ° 1

r +
rr < /V’" (V)2
+ fu [ffwy (frh Zf‘]u Tfwy 4 fn NV Ifwy)
5 fs YTr

f“(f,.h 2N r’ + fn Ny 14;)
:”ts/%) ~ szS)i O
"\ (%
+ ¥ frh N Teg , f N1 BCC
& (Vru72)¢ Tu/*
>

To simplify: assume all f., = 0, fa=1, fee =0

Then we have:
Dose = 1.89 x 1077 (K)(SPY)(FMPS)(P) x

+

1 ¥ 1 -2
[fr N (2.9 x 1958) L fs W (2.9 x 1071
v‘Tr st

1 -2 1 .
- (ffw N, (2.9 x 107¢/ft) fau N H (4.8 x 107¢/ft)

u
\ Wfrr stz

Assume P = 2 (see PNL-3308)
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FRACTION OF TOTAL ACCUIDENTS

'ols 2 " B i e il
2 4 6 4 10

TOTAL NUMBER OF vEMICLE OCCUPANTS

‘::::::::>FTGURE 16.2. Estimated Total Number of Vehicle Occupants Involved in Heavy
“Truck Accidents Plotted as a Function of Accident Frequency

-~ -
—

TABLE 10.5. Estimated Fatalities of Vehicle Occupants in an Accident
with a Significant Release

Expected

Average Numober Fraction of Accidents per Year Average Fatality Fatalities
of People Tota) Accidents with Significant Release Rate in Fire Accidents per Year

g e e S —————l L S

/,,o""'__." 0.20 14 0.4 1.12
‘ 0.65 16 0.4 1.6

f z
& . 0.0t il - 0.4 0.22 !
4 n.003 1 0.4 T
5 0.007 " 0.¢ 0.00%9
.6 0.0902 N 0.4 0.0011
’ 0.00008 N 0.4 0.0004
8 0.00006 N 0.4 0.0003

response teams. Assuming that a group of from ten to fifteen firefighters will
respond to an accident, and that, as in the highway environment, a fatality
rate in a fire accident is forty percent, an estimate of the number of fire-
fighters killed per year in propane train accidents may be derived. For the
significant release event every 2 years from propane train transport, an
eﬂpected 1 to 2 firefighters may be killed in addition to members of the
general public.

10-8




Dose to Persons Traveling in Opposite Direction from Shipment (see p. D-11 NUREG-0170)

Variables

Shipment K WS W, W W N ey
Fresh fuel 103 14 2500 .90 500 55 .05 800 50 .05 .98 3000 .02
Fresh blanket 10 12 2500 .90 500 55 .05 BOG 50 .05 .98 3000 .02
TRU (fuel fab) 103 5 250 .90 500 55 .05 800 50 .05 .98 3000 .02
Spent fuel (R) 103 14 250 .90 |
Spent blanket (R) 103 12 2500 .90 ) negligidle
Radial shield (R) 10 4.5 2500 .90
PO, 10° 14 3000 .90 500 55 .05 800 50 .05 98 3000 .02
HLW 103 3 2500 .90 ) negligible :
TRU/scrap 108 24 250 .90 500 55 .05 800 50 .05 .98 3000 .02
LLW 10° 2 2500 .90 500 55 .05 800 50 .05 .98 3000 .02
Plant Radwaste 193 8 2500 .90 500 55 .05 80 50 .05 .98 3000 .02
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2.  The traffic count doubles during the commuter rush periods (applicable in urban and
suburban population zones).

3.  The average speeds decrzase by a factor of 2 during commuter rush periods (applicable

in urban and suburban population zones)..

4. Urban travel may be on freeways, four-lane roads, or city streets. Suburban and
rural travel is all on freeways.

5. Urban travel on freeways and four-lane roads during rush hour is at half the average
suburban velocity.

6. Urban travel on freeways during non-rush hours is at the average rural velocity.
Urban travel on four-lane roads during non-rush hours is at the average suburban
velocity.

Under these assumptions the follocwing expression is obtained for the annual population dose in
person-rem/year to persons traveling in a direction opposite to the shipment for a given ship=-
ment type:

(Dosc)m = QL‘O)(TI)(PPS)(SPY)(FHPS)(P)(F) (D-17)

where

N f,. N;,[f i 1'_','2'0;112;ﬂ x fﬂn;I;u
;Tr (st/Z) (vh)

sk f""'z”:‘lf!% i '"NLIM .
u | fwy 2
(Vh/z) ('Vn.)
L %) ;- / fenMlae  , TaMulee
42 2 2
\(V‘S/Z) (YTS)
J f“ .f_r_hzﬂ:‘l;s . 'ﬂ":llgi
(Ve /2) (Vq)

In deriving this exprusibn. the substitution K = Ko x Tl x PPS has been made, where TI =
T1/package, and PPS = number of packages/shipment. Other symbols in this equation are as
follows:

f f f = fractions of distance traveled in rural, suburban, and urban zones, respectively

gl Lt
e
,rh = fraction of distance traveled in rush hour traffic
1n = fraction of distance traveled in normal traffic
f'vy = fraction of travel on freeways or interstates
f“ = fraction of travel on four-lane roads

D-N
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Dose to Persons Traveling in Same Direction as Shipment.

Dose: 3.79 x 1077 (K)(SPY)(FMPS)(P) x
1
L fa 'y (0.031)

fr N'p (0.008) £ n's (0.008) oy N', (0.008)
whe + fu

oy : Vérs

r Verr Vs

Variables required are same as those for opposite direction travel.

GENERAL POPULATION

Doses On-Link
Persons To Pop

Surroundin During Opposite Same

Link (Mov.g Shipment Stops Direction Direction
Fresh fuel 0.356 0.07112 05?269 0.04616
Fresh blanket 0.00305 0.00337 0.00071 0.00040
TRU (fuel fab) 0.12709 0.14034 0.02953 0.01649
Spent fuel 0.71774 0.01920 -- .-
Spent blanket 0.61521 0.01646 -- --
Radial Shield 0.00231 0.00006 -- --
Pu0y 0.42702 0.08534 0.09923 0.0553%
HLW 0.15374 0.02195 -- --
TRU/scrap 0.61002 0.67361 0.14175 0.07913
LLW . 0.05084 0.05613 0.01181 0.00659
Plant Radwaste 0.20336 0.22452 0.04724 0.02636

)



IV. Sources of numbers for Tables D.14 and D.15

UFG: CRBR reqmts of 11.1 MTU/year

" Total needs over plant life = 492.6 MTUF
One 14-ton cylinder contains 12,500 kg product (PNL-2211),
[Depleted UF, is stored in 14-ton cylinders (Breeder Briefs 3/82)].
UF6 shipments are made mostly by truck, one 14-ton cylinder per
shipment (PM -2211).
11.08 MT Uq required.
238 + 114 = 352 g/mole UF6
11.08 x 10% U x mole U

¢3Bg

46,640 x 6 = 279,330 moles Fx 199 . 53¢

= 46,640 moles U

Total = 11.08 + 5.3 = 16.38 MT UF6
Therefore, one cylinder contains:

1.1 MTUd X

= 8.45 MTU per cylinder
333 MTUd over plant life

8.45 MTU/cyldiner = 39.41 cylinder over life of plant.
39.4;og§;;:2ers s 131 shimments/year

-

Heat generation: negligible
, "~ Estimated activity : negligible
Average shipping distance: from DOE Amendment 14
= 2500 miles.
ggg:
Required: 4.02 MTU4 as U0z to fuel fab plant/year
U0z can be transported in a double-stacked 55 gallon drum.
110 kg U02 per package
64 packages per truck
WASH-1535
one shipment thus-carries 7,040 kg UD2

4.02 MTU, = 2 U0, -——
238 + 2(16) = 270 g/mole VO,



- -

FIGURE A.4. UFa Ly)inder Model 48Y

TABLE A.4. General Datu for UFﬁ Cylinder U
Mode1l 48Y Cther Deslriptive '
Terminology Used - 14-ton
Neminal Diameter 122cm (48 in.)
Momiinal Length . 381cm (150 in.)
Wall Thickness 1.59m (5/8 1in.)
Nominal Tare Weight : 2359%g (5,200 1b)
""" Maximum Net Weight 12,501kg (27,560 1b)
e Nomina] Gross Weight 14,360kg (32,760 1b) .
Minimum Volume 4.04m°> (142.7 cu ft)
Basic Material of Construction Steel
: g Yo
Service Pressure 1.38 x 10’ m- (200 psig) i
Hydrostatic Test Pressure 2.76 x 10° 22 (400 psig) '
Isotopic Content Limit 4.5% 235U Max With Modera-

tion Caontrol

A-5
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Extensive Sodium Fire Tests Underway

Engineers at Atomics International (Al)
in Canoga Park, Califormia. have bzen
carefully studying the propernies of hquid
sodium which 1s used as the coolant and

heat iransfer agent in the Clinch River

Breeder Reactor Planmt (CRBAP)

The basic properties of «odiumaire well
known at atmosphernic nressure it meits
at 207°F znd boils at 16167F. n rescts
with waier or oxygen 1o form pIogucts
such as hydroge n, sodium hydronde. and
sogium gxide In CR8RP. 1t will enter the
reactor core at 730°F and lvave at 235°F.

A 6600 gallon soduun holung
tank s lifted off 1le tuck 1o be

installed n the Lwmge Scile
Sodium Fice Test Faciluy at Atunie
ntetsatonal’s rest Lacdy wn Santa
Susana Calitormiz Sodhiurm 15 to be
transterre® from 110 55 yalion
drurns to the holcing :ank fach 55-
Salloey dturn 18 Leared to il the
Sothican 8¢ that i eantbe trars erred

W0 e lank  Exdiam lom he
e 'Zing tark aill b eriptied 5108 ¢
lie Suppiession sisiem sl b

smplatas CSZRP sysivmns

RO PuE—
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MARCH 1382
Oak Ridge Now Has

Over 4,500
U-238 Canisters

—— — o ——— " — . —————

At this 1emperature, however, hquid
sodium will burn when exposed 10 the air
(oxygen). -

The CRBRP design includes extensive
features 10 mingate conseguences
incurred by an extremely unlikely situa-
1on such as a sndium spill Some plant
celis that have sodium-coniaining equip-
ment are lined with steel, and the atmos-
phere in these cells contains an incri gas
$0 that in the case of a spill, there would
be no oxygen to support 3 sodium fire.

Where sodium-containing equipment
1s located n an area that cannot be
ineried. the CRBRP design inciudes a
unique fire suppression sysiem, consis-
ung of a catch-pan anc a fire suppression
deck.

ge a1 the Oak Ridge Gaseous Diffusion
Flant — carisiers comaining uranium
——
1335 turamium 238), it e material that will
breed new fuel . the LMFBR pl .
ers aré sfored at uranium
ennchment plants a1 Paducah. Kentucky,
and Porismouth, Chio
A by-product of the uranium enrich-
ment process, the combined inventory of
urLnium tails *.ow in siorage, if used in
breeders, represents the energy 2quiva-
lent of S66 trillion o1 ol Heniy Piper,
chief. CRBRP Project Otfice’s Licensing
Branch, and David Hambnght, chief of

Continued on page 3 Continued on page 2

13 Contractors Attend Pre-Proposal Confereiice

Thirteen potential proposers atiended a pre-proposal conference in Qak Ridge, Ten-
nessee February 2-3. condycted by Stone & Webster Engineering Corporation (S\WEC)
The firms were studying a request for propesals for prelimirary site preparation for the
Clinch River Project.

The US Ceparimen of Energy has filed a request under Saction 50.12. Code of

. Federal Regulations, Title 10, with the Nuclear Regulatory Commission (NRC) to begin

clearing, grubbing, anc excavationr for the CR3RP site. The MRC's decision on whether
1o grant permission 1o begin site preparation 1s scheduled 1o be announced early in
March

The Conference apprised potential proposers of licensing procedures. the scope of
vsork for site preparation, and salety requirements, and enabled then 10 gathar addi-
t.onal informanun frorn the Project Office.

The Cunference incluced a demonstzation of excavation sequencing by use of Stone
& Websinr's escavation inodel Parucipants also wisited the sie and examined core
horings previously made

Presidirg at the Conference for Sione & Webster were J G Vehster, procurement
manzger: ) E McGen. senior contract admimisizator: J. A Capazzoli. resident engi-
nesr. and J E Karr. qualiny assurance manager

Richard Chidlaw. eéss:stant director for CRERP Censtruction, sad, “The Conference
went very well. Our prospective bidders ashed wenNelraling questions and received
respenses We anucipaie that SWEC will receive fughly compet:tive bids on March 2
from highly competent contractors ™

[ Legzslatzve Upo'a{e The Reazar ASminisiration’s budget propesal for
| FecalYear 1982 wuus announced F=bruary 8 Proncsed nuclear 1'ss.0n tunding s
down sevenpercent from S 229 bithen inFY 13221651 018 Sillicn inFY 1283
Froposed funding for tne Clinen River Project 1s $252 million |
| SR

'

ut 4 500 camisters now lie .cﬁu-\\
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" essional Engineers Support CRBRP
. Iy Site Prep Request

» tesponse 10 the opportunity to comment on the request by the Depanment of

aergy (DOE) 1o begin early site preparation for the Clinch River Ptanmt. 1ne Nauonal

3ociety of Professional Engineers wrote the following l€tter 1o the Nuclear Regulatory
Commission

" The Navonal Society of Professional Engineers INSPE] wishes o state 115 support for NRC
approval of the subject request The engineering experience. educanon and certification of
NSPE's members slaces NSPE in a unique pasition from which (o provide subsiantive and
pertinent comments regarcing the Clinch River Breeder Reactor Plant (CRGAP) and the
Department of Energy’s request.

The Liguid Metal Fast Breecer Reactor ILMFEBR! s th:s country’s bes: prespect for generat -
ng electricity after the year 2000 To maintain a sireng breeger reactor research and
development program. the Clinch River Project shovid be cumpleted as soon as practicable
The consiruction and operation of 1his essential siep in cemonsirating breeder rechnology 1s
also crucial 10 the nation's ability 10 keep pace with foreign developments in this technology

Because the previous aaminisiration had allowed the CRGRP complenon date to be
delayed 10 the point where unavailability of LMFBR experience might jeopardize the use of
nucirar 1issi0n as a long-rerm energy option. tumely anc vigorous aciion by the Federal
Guvernment 15 necessary to compleie the Ciinch River Froject anc preserve this oplion.
Fortunately. the Degartment of Energy hes develuped a plan 1o siart site presaration activi-
Les. pursuant 1o approoriate NRC environmentai review and authorization. moreitien a year
eacher than would citherwise be possibie NSPE sgrees with this action and cons.ders that
NRC approval is warranted by (1] the natonal priority assignediathe Clinch River Project. (2)
NRC's own determ:nation 1hal these sie pre£araiion activilies wouid not result in signiicant
environmental impacts, [3) DOE's ccmm i iment to recress the site i required by further
hicensing activiies. and (4, recagnitien o’ the clear cost advantagetothe taspaversof carlhier
siart and completion of construction activiies NSPE v holeheartedly endorses 1he legiti-
mate use of the 10 CFR 50 12 procedure ir this case

NSPE rotes that the nation has aiready espencec about S1 biliion on the Chnch River
Frogect. Further delays inthis Project would deier returns from this subsiantial investment in
breeder technology A ionetary cost of sbour $100 nullion could be ass.gnedto one year's
dolerral of these reiurns lassuming @ 10 percent snnual interest rate) This would be in
additon 1o DOE’s esuimated savings of $120-5240 nullion of incrcasad costs However,
NSPE Leheves that such an approach 1o ceiermine the cost of delaying the benelus of ihis
Pioject greatly under51atas the actual berelins (hai would secee. in ierims of reesiadbhshing
the United States as a lcader in the iniernational nuclesr community and insuring that the
poiential for stretchung our increasingly short supoies of uranum 1S developed in hme 1o
avoid severe econemic consequences. The benefns o! accslerating the CARBRP schedule by
one year as proposed by DOE would thus be far y:eater than the hundreds of rmillions of
dollars estunated above Foyiliese reasons. we considerthe granting of an exemption for the
CAEGAP to be i the public interest ke

Luproval of DOE’s request wouid n.: aetract irom the CRGRP purpose of demonsirating
Lcensab ity of breeder reactors because 1, the 10 CFR50 12 provisions are anintegral part
of NRC 5 regulations. (2] as noted in th:e Corzimssion’s mermnorancum and order. five such
requests for LWEs have Leen considered over the vears. ar.d /3, 1tie CRBAP Project veill still
Le reguired 1o comply with the rest of NRC's environimiental and salety review regulations,
ncluthing public heaungs Future LAMFERS would nienher be piecluded frum nor required 10
utihze the 10 CFR 50 12 procedure NSPE beheves thst constderation of DOE s requesi immust
also acknowledge 1he unusual c.rcumsiances of the Clinch River Project ihat Lave evolved
from the delays tdiciaied by the las: sdmumsiiation and if.e undue Liardship te ttie Progect and
vanonal cbectives of further delays

inclosing, NSPE strengly recommends th.e inuned.ate authoniaian lor DOE 1o commence
sie preparanon activiies for the Clrxch River Project Ve discern no legal tequiement 1o
arny this recu ®s? and are persuaded Ly the overy. helming benefns 10 the = 3100 0of proceed-
ng erpeditiously vath these actnimes anc Lréeder reaclor Geveloument

Trhank you for 3lio..ng us 1o SLLONL THESE CLnrtients if ilus r.aner

Herten C Xuigewe PE Cluvran
L=gsist e and G cermivent Afisirs Comminiee

U-238.Canisters
in Storage

Continued from page 1

Techmical Informaton for Project Man-
agement Corporation, put it this way 10 3
recent arucle for the Januarv 1ssue of
Electric Perspeciives A stack of one
thousand $1.000 bills — a total of one
million dollars — nghtly pressed together
1 Ipproximately 5 nches high. There-
fore, one irilhon dollars would make a
stack of 81,000 bills 79 miles high The
siack representing the equivalen: dollar
value of the tails based on the conserva-
uve price of $31 25 per barrel for oil

would be 5,272 miies high.”

By convertng once useless uranium
1a1s 10 valuable fuel a breeder can pro-

duce from th
an'sier »

one 14-10n

Sy O

O~

by 60 oil 1ankers. The camisiers

now in storage at Oak Ridge. Paducah,
and Portsmouth hold energy ~auivalent
1o 600 years of foreign oil, if impo. 2d at

the present rate

The term “endless energy’ 1S no mis-
nomer, for production of uranium tasls 1s
expaciad to increase by 500 metric tons
in Oak Ricdge by the vear 2000 That
means that by the end of 1hie century as
many as 60 000 can:siers wil! be ready

for use in Cak Ridge alone.
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« sium Fire Tests Underway continves trom page 1

The caich-pan accommocates the
raxsmum possible volume of sodium
im2tcan be spilled within the cell. The fire
suppression deck allows the sodium 10
srain into the catch-pan while imiting
ine sodium surface area available 1o
react with the oxygen in the aw.

...the largest such tests ever
undertaken in the U. S.

The CRSRP design for such sod:um fire
mitigai.on 1s based on exiensive analysis
and supporting expernimental data To
verifv that sodium fire suppression mea-
sures taken in the CRBRP design wiil per-

form as expected on a large scale. tests

are being conducted at Al These tests are
the largest such tests ever underiaken in
the U S and possibly the worlid

Al is simulating the CRBRP design for
sodium spill condions, complete with
fire suppression decks. aerosoi delectors,
catch-pans. and insulation, \n 3n enwvi-
ronment that 1s not inerted 3oth small-
scale and large-scale configurations and
their accompanying conditions have
been 1ested In the final large-scale test.
approximately 6600 galions of sodium
will be released on a specially con-
structed fire prolection sysiem prolotype.

Such a system has been designed for
CRERP 10 provide sufficient precautions
10 accept the condmons of the unlikely
sodium fire. heat load, gases, impinge-
ment of sodium on concrete. and

ssurization

Vo perform this function, the test facil-

nty directs spilled sodiurs downomo a fire

suppression deck and inw 3 sich-panat .

ex*reme flow rates and 1« .peratures
The sysiem s designed 10 suppress the
fire by imiting the oxyger supply 1o the
sodium

..an the case of a spill, there
wouid be no oxygen to support
a sodium fire.

The design configuration used 1o con-
duc: the small-scale tests emploved a
thanneizg {ire suppress«on deck contan-
ng 1 inch drain pipes anc vent pipes
Subjecied 10 3 seres of scdium spills and
€pravs. the suppression ¢a & and caich-
san tencath it withsiood twe fast spilisof
15 zalicns per minute Igom) of 1CGOCF
SOC:um A siow spi' 3t 1 5 gpm v.2s also
courcucied. «n 5dC.0n 10 1hiee 12818 0
votacn 1C00-F sodium was spraveo ono
ihe fire suppression d=ck In 1o of the
sZrayargs. water was used n heu of

sodium 1o determine haqud dispersion
characienshics directed through a8 walk
granng simulating those to be used in
CRBRP Because of its position, the walk
grating played an imporiant part during
the small-scale tests in o.-termu .ng how
2 sodium spray would be dispersed.

In defining parameters ior the lirge-
scale tests which will be compieted in
March, engineers introduced a number
of other importani tests, including tests
studving the distribution of sadium drop-
lets upon concrete. 1ests analyzing the
effectiveness of magnesium oxide insu-
lation, and a “spray maximization” 1est

Before studying the way sodium be-
haves when it :$ spraved on concrete,
“spray maximizaton'’ 1ests again used
waier to determine the size of droplets
coming from a sprav of liguid sodium
Water was sprayed onto a drum, and
through photography techmques, engi-
neers determined the size of (he droplets
under the most severe spray cendiiions
Specially designed and fabricated noz-
zles will be used in the large-scale 1es1s
10 acrually provide tnese mest severe
sodium spray condilions

..hands-on experience with
sodium fires.

To ensure that the cuncrete 10 be sub-
jected to tnese sprayings would be ade-
quately insulated during large -scale tests
as it will be in CRSRP, 1gsts were per-
formec with magnesium oxide. which is
to provide an insulanon barrier between
the concrete floor and the catch-pancon-
1ain.ng spilled sodium These tests con-
firmed that magnesium oxide insulation,
when expcsed 1o calch-pan sodium
temperatures ranging f;om 400°F 1o
1650°F would effectively prevent exces-
sive heatng of the concrete

All the dara from the small-scale tests.
the spray maxim.zation 1ests, and the
magnesium oxde iNSuialion (es!s were
collected so that realist ¢ calculanons for
the large scale sodium fire 1ests could be
made

To perform large scale 1ests. Al had 1o
a2ssemble large scale components As
part of these 1&sts, 6 600 5ailensof hquid
sodium, corianed in 3 large holding
tank, will be spilled :nto the 1es! cell con-
taining a caic™ pan measuring 20° X 30°
The cell where the B4.minyte soill wall
iaae place mas three-fooi-thick walls
prototypic of ‘ne plant’s cell woalls. Those
same v.2l's are 1nsulated viuth a fbrous
maier:al. caliz=ad “cerrzblanket.” for con-
crete proteci-on The cell Sas 24 spray

3

Clinch River Facts

s Plant design: about B85 percent
completle

a Project research and development:
about €6 percermt complete.

o Equipment completed and on-
order totals: about $610.8 mullion.

o Total Project expenditures: $12
bilhon

‘m Licensing activities suspended in
1977 but resumed in September
1881.

8 Value of major components com-
pleted and in storage or under-
going testing: approximately
$248 million.

a Current estimate of completion:
dependent on actien by the Admin-
istration and Congress The start of
plant operation will be about seven
years afier receiving regulatory
consent 10 begin construction.

a Current 1otal plant cost estimate:
about $3 2 billion.

nozzles above and a fuwe suppression
deck. or "Q deck " below Below the Q
deck i1s the catch-pan, with magnesium
ox:de Nsulanon underneath

The Q deck s aesigned so that sodium
1s directed through drains, or “down-
comers ' Essent:ally. the Q deck 1s ar-
ranged to reduce the surface area
available for combusnion, thereby smoth-
enng the fue 'Within 24 nunuytes the
entire 6 600 gallons of 1000°F sodium
from the (ank will be discharged inio the
cell

Such precedures are expected 10 yeld
a great des! of valuable informanon
Primanly, the effect.veness of a generc
carch-pan fue suppression deck should
be borne outl. and that 's the major cbjec-
tive of the 1esis for CRBRP

In general. the tests will give CRBRP
engineers hancds-on experence with
sodium fires That mearsachancaotest
sodium azreso! detecuion equipment, 10
18t prototypic vent closure cdevizes and
louvers in the venti'anon sysiem. and 10
Study sodium c'co6up end csposal
echnigues

According to PMC's Anthony Graroe
who workea on the tests, The 1=sts vall
2'so0 give us valizble c2ta on sudium
@=1C30ls ano composiion and G513 1c en-
fance our conf.Zence in the cumpuier
Cuins used in the CEZARP desgn ™
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Table 4.5-3

SHIPPING INFORMATION FOR URANIUM DIOXIDE

DepTeted Wachgc Specifications

Type Double-stacked 55-gal drum
Height 74 in.
Outer Diameter 24 in.
Inner Container Diameter 11.5 1n.
Inner Container Height 63.5 in.
Inner Drum Diameter 9.5 in.
Inner Drum Height 9.75 in.
Number of Drums per Package 6
Tare Weight of Package. 135 kg

<" Net Weight Uﬁ, per Package N0kg———~

M SERM

Shipping Requirements‘
Annual Production, uranium 16,048 kg
Net Weight U per Packago 97 kg
Powder Density, g U/cm 2.0
Packages_per_ Year 165.44

" Packages_per Vehicle 64

““Shipments per Year 2.58
Radicactivity per Package 1.60 Ci
Thermal Power per Package 0.0026 W
Shipping Distance, one way 750 miles
Shipping Time, one way 3 days

3For a single 1000-Mde LMFBR.

Table 4.5-4

SHIPPING INFORMATION FOR,PLUTONIUM DIOXIDE

Pud, Package Specifications

Height

Diameter

Inner Container

Inner Container Hefght
Usable Volume

2 e -

Shipping Requirenents‘

Annual Production, plutonium

Pu Skipped per Package
Packages per Year -
\\ggckages per Veiricle ™"~ ~

Tpments “per Year " ™"

Radioactivity per Package

Thermal Power per Package

Shipping Distance, one way
Shipping Time, one way

o e T s v e

SRR A oo

o ————

55-gai drum
35 in.

22.5 in.
4.81 1in.
18 in. B
0.16 ft
90.9 kg

e — e ———— o— —.

1679 kg
9 kg
—_186.55
€4
e S .
1.04 x 10
81 W
750 miles
1.5 days

ci

%For a single 1000-M~g | MFBR.
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5
4.02 x 10%g ud x g%%saﬁ = 16890.76 moles U

16890.76 x 2 = 33781.51 moles 0 x 16 g
moT

— 540,504.2 g 0

4.02 MTUd = 4.02 MTU + 0.54 MTO
= 4.56 HTUOZ

Since one shipment holds 7MTU02. it can all go on one.

CRBR requirements: 0.894 MTPu (as Pqu) per-year.
' 6
How much Pqu? 0.894 x 107g Pu x mole Pu = 3694.21 moles Pu

242 g
3694.21 x 2 = 7388.41 moles 0 x 16 g _
ﬁET% 118,214.88 g 0

Total Pqu = 0.894 MTPu + 0.12 MT0,
= 1.01 MT Pqu

Given: DOE shipmerts of 14/year

Reasonable because: if using packaging in WASH-1535, contains

9 kg Pu/container, 64 packages/truck. This would be 99 packages,
or 2 shipments.

If using AGNS_container (TTC-0027A, by Exxon) carrics 0.028 MT Pu
per container, 8 containers per truck. This would be 31.7
packages, or 4 shipme-.¢s.

If using canister with overpack, holding 32 kg PuO2 per package,
we'd need 31.56 packages. At 7 packages per shipment, this
would require 4.51 shipments.

Quantity/shipment derived by calculation; shipping distance
from DOE=ER Amendment 14.
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EQUIPMENT PARAMETERS

CAPITAL_COST

Container Designation
Cost (§)

Design Life (Yrs.)

% of Total U/Pu Carried
Usage Potential

Procurement Lead Time (Months)

OPERATING COST

Capacity (MTHI)
# Containers/Truck
Loaded
Empty
# Containers/Rail Car
Loaded
Empty
Turnaround Time (Hrs.)
Originating Facility
Destination Facility
One-Way Distance (Miles)
~ Travel Distance Mi. /Day)
Loaded
Empty
Tariff ($/M1.)
Loaded

Empty

Decormissioning Cost ($/Container)

Maintenance Cost ($/yr.) Per Container

Disposable Container Cost

e T e

e

.

R L e e T

TABLE 2.1 - {Con*inued)

LWR FUEL CYCLE TRANSPORTATIUN SYSTEM EGUIPMENT PARAMETERS

Leg 5-2(5) _LEG 6 £G 7-182 LEG B LEG 9-182 €6 10-1(2)
Truck Cask  Rail Cask'®! a8y AGNS Design 17H Drum 51032 Rail Cask'>)
750,000 ' 2,500,000 3840 ~7500™ T 20 8500 3,000,000
10 10 20 10 ] 20 10
25 7% | 100 100 100 100 100
80% 80% 3 Cycles/Yr. 80% 12 Cycles/Yr. 4 Cycles/Yr. B80%
9 18 6 6 ) 6 18
0.89270.708*) 5.352/5.664(%) 8.4 0.38 0.7 1.122/3.186'Y)
1 NA A 40 ‘ NA
) NA NA 100 6 NA
NA 1 4 NA NA )
A 1 4 NA NA 1
| Car 4 2 Car | Car / 2 Car
26 8 A 24736(6) NA NA 8 720
13 28 28 NA 48/72 NA NA 28 28.
600 320 890 #00 14007 1400 1500(7) 320 890
850 60 360 A 850 450 M 60 360
850 %0 360 HA 850 450 "N 360 360
1.2 46.25 24.65 3.00 5.15/7.42(6) 1.09 5.43/7.22(€) 46.25 z4.65
1.72 43,50 23.15 No Charge  £.15/7.42 1.09 5.43/7.22 43.50 23.15 s
N
15,000 “ 60,000 NA 200 KA NA 60,000 (?
C
10,000 70,000 200 50 NA 100 70,000 o)
NA NA NA NA N NA i Z
. .)



Fresh Core Assembly

CRBR requirements: 81 core fuel assemblies per year, 4.889 MT HM/year

DOE says 6 assemblies per shipment, 14 shipments/yr; 100ks reasonable
(see below ). Should be no criticality problem. Should be
no therrsl problem (maybe 0.2 w/g).

Pu enrichment of 33.2 weight percent.

Quantity shipped/year + 4890 MTHM/year. ‘“ourteen shipments (given
by DOE) translates to 350 kg HM per shipment.

But: At 60.35 kg HM per assembly, 6 assemblies = 360 kg HM per
shipment (full shipments).

Fresh Fuel

Two LMFBR core or blanket fuel assemblies can be carried in an M-
51032-1 container.

"MOX fuel assemblies contain a "formula quantity" of strategic special
nuclear material. Truck shipments must therefore meet the safeguaras
results of 49 CFR 73.26. A legal weight transporter designed to meet
these safeguards requirements can carry four loaded M-51032-1 containers."

* TTC-0026A

81 assemblies = 2/container .
4 container/shipment (also from WASH-1535)
. =11 shipments

443%/assembly + 24.35 # Pu
108.22 # U
132.57 # HM per assembly (as MOX and axial blanket)
60.13 kg HM
0.06013 MTHM

Total: .89 MT P“]-» 16.3 MT of assembly per year

3.95 MT U -




JT7C-0026A

U-235, it can be shipped in DOT Spec. 17-H 55 gallon drums or [

equivalent in a manner similar to 0308(5-11).

The require-
ments for these drums are contained in Paragraph 178.118 of

Reference E-33.

Each 55 gallon drum will hold approximately 950 lbs.* of UO

(E-11) :
or 0.38 MIU . Approximately 40 loaded drums comprise a

legal weight truck shipment and approximately 100 empties are
carried in a shipment. Each drum can be cycled approximately
12 times during its one vear life, after which it would be

used to package lcw-level waste(a-ll). Since the drums are

replaced annually, the cost of $20.00 per drum ‘1) 4,
" handled as an operating expense rather than a capital expense.

Natural UO2 will probably be shipped by private carrier. The

tariff is $1.09 per mile for loaded or empty shipments(g-34).
2.9 Segment 9 -~ MOX Fuel Assemblies From Fabriéation Facility to
Reactors
2.9.1 Shipment of MOX Fuel Assemblies

Two (2) PWR or BWR MOX fuel assemblies can be packaged in an
M-51032-1 type container (See Paragraph 2.4.1) and transported

in an exclusive use vehicle in order to meet the requirements

of Paragraph 173.393 (J) of Reference E-33:J[Hox fuel as- ki

™ semblies contain a "formula quantity" of strategic special : /

H nuclear material as defined in Paragraph 73.2(Y) of Reference *
S ——— vy s s o . ———

{ Efgs-.,iruck shipments must therefore meet *he safeguards-

¢ requirements of Paragraph 73.26(I) of Reference 8-33.{ A legal ‘—\
: b

*The study assumes that natural U0, will be shipped as Low Specific
Activity material in exclusive usé vehicles so that each drum can be
filled beyond the 800 pounds specification limit.

2-14
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weight transpcrter designed to meet these safeguards require- |

ments can carry four loaded or six empty M-51032-1 containers(z-
21) }

MOX fuel assemblies will probably be transported by private

carrier. It is estimated(E-ZI)

that the additional safeguards
requirements of Reference E-35 will add approximately 20 to
the dost of the published tariff(E-az). This will result in a
tariff of $5.43 per round trip mile (a 200 gile deadhe 4 must
be added to the actual mileage). Since a substantial portion
of this cost is due to the two escort vehicles and guards
required by the regulations, a unit cost saving can be realized
if two cargo vehicles are convoyed together. The tariff in
this case wcwld be $3.61 per round trip m*le, for each cargo

vehicle.

Economic parameters for the M-51032-1 container are given in

Paragraph 2.4.1.

2.10 Segment 10 - Spent MOX Assemblies From Reactor to Reprocessing C

Plant

2.10.1 Shipment of Spent MOX Fuel

MOX spent fuel has considerably higher thermal and radiation
sources than UQ, spent fuel. An evaluation was made for trans-

porting MOX spent fuel in similar casks as discussed in
Paragraph 2.5.1.

L
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Fresh Blanket Assembly

CRBR reguirements of 69.2 assemblies per year (6.98 MTU)

Distance and number of shipments given by DOE (6 assemblies per
shipment reasonable).

6980 kg/hr 4 582 kg HM
shipments shipment
But: at 100 .9 HM per assembly 6 assemblies = 600 kg HM (assume full
shipments) .

Spent Core Assembly

CRBR information from DOE amendment 14. Fourteen shipments/years;
shipping distance; by rail. From ORIGIN 2 runs: (4/27/82).

100 days after discharge: heat output is 3.291 KW per assembly.

Thus, heat output per shipment is 19.75 KW. A cask is available to
handle this level of heat;00E specifies cask design limit of 26 KW.

From Table 5, Oak Ridge Origen 2 output of April 20, 1982, discharge
fuel has 4671 kg U + Pu (also has fission products, which are not
counted here as heavy metals). Since heavy metal content has changed,

HM per shipment = 4671 k9 . 334 kg
14

Spent Blanket Asseﬁbil

CRBR information from DOE Amendment 14.
12 shipments/yrs shipping distance; by rail.
fFrom Table 5, Oak Ridge Origin 2 output of 4/20/82.

Discharge blankets have 6920 kg HM (total average per vear). This
translates to 580 kg/shipment.

From ORIGEN 2 runs (4/27/82) and Attachment B.

100 days after discharge, heat output of blanket assembly (inner * radial)
= 5440 W.

RS . e
s e g el e

———— -




Table 5. Summary characteristics for the CRBR
Fuel region(s)®
Paraseter Fuel AB Fiel + A3 IB REP  Fuel + AB + IB + RB
Electric power, Mi(e) net 267.4 6.1 273.5 £6.9 29.6 350.0
Thermal power, MW(t) 745.0 17.0 762.0 130.5 82.5 975.0
Average specific power,© 140.9 3.95 79.4 16.4 6.49 32.21
MW(t)/MTTHM
Average fuel burnup, 76,031 2133 42,870 8693 977 22,600
MWd/MTIRM
Effective irradiation dura~ 540 540 550 530 1229
tion, full-power days
Refueling cycle length, 275 275 275 275 275 275
full-power days
Average number of 81 t. 81 41 28.2
assexblies charged
per cycle
AveTage charge,
kg/refueling cycled
23%y 3.6 4.4 8.0 8.3 5.7 22.0
Total uranium 1805.5 2189.1 3994.6 4134.9  2843.9 10,973
Fissile plutonium® 783.0 0 783.0 0 0 783.0
Total plutonium 889.4 0 889.4 & 889.4
Total (U + Pu) 2694.9 2193.5 7 4888.47\,7 4134.9 2843.9 11,867
N ™ . e . -----'/
Average discharge,
kg/refueling cycled
235y 2.6 3.6 6.2 7 5.9 4.0 16.1
Total uranium 1715.8 2149.0 3864.8 3960.2 2726.9 10,552
Fissile plutonium® 627.2 38.5 665.7 131.6 89.1 886.4
Total plutoniua 766.7 39.6 806,31 138.3 . _94.9 1039.5
Total, (U.+ Pu) .. 24s2.5 218816 L&Ul‘.l’/ - 4098.5 __331_1_,8_".s 11,591

%fuel = 36 tn. (Pu,U)0; region, AB = UD; axial blankets associated with fuel,
1B = entire inner blanket, RS = entire radial blanket.

b\h!‘h:cd average of inner radtal blanket (4 cycle residence) and outer radial
blanket (5 cycle msidence).

€Based 1 rated power level,
‘Avcu;cd over & cycles. -

€239p, 4 2%1p, 4 239y,

4h2/g2

— - —
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TRU Waste: fuel fab from DOE-ER Amendment # 14 13C m3

into 145 containers. The containers are 55-gallon drums (.21 m
This translates to a shipped waste volume of 30 m3. DOE specifies ship-
ment by truck, about 30 containers per shipment, five shipments a year,
ond shipping distance. These values appear reasonable (and conservative).

is compacted to fit

3 each).

TRU wastes must go in overpack (Type B) as "large quantity" shipments.
A TRUPACT provides Type B protection, and can hold 36-55 gallon drums
in one container (one TRUPACT per truck trailer).

From Table 5.7-4, DOE-ER #14. TRU has estimated activity of 64 ci/m3.

This is applied to the volume before compaction (130 m3). The estimated
activity of the TRU waste is thus 8.3 x 103 ¢i. Divided among 5 shipments,
this translates to = 1660 ci/shipment.

LLW from CRBR Plant

DOE-ER Amendment 14 specifies transport by truck, 67 m3. 320 containers (55-

gallon drums), shipping distance, number of shipments per year, and
destination. This is reasonable (and conservative). LLW is usually
transported in 55-gallon drums. 40 drums per truck shipment is within
truck loading limits.

2

According to DOE-ER #14, the estimated activity of LLW is < 10 ci/ma.

If 67m3 is shipped in 8 shipments, then 8.4 m3 is shipped per shipment

(also corresponds to 40 drums and 0.21 m each). So, estimated activity
per shipment is 8.4 (10°) = 840 ci/shipment.

LLW from Reprocessing Plant

DOE-ER Amendment 13 specifies transport of 25 m3 LLW by truck in 2 ship-

ments over a distance of 2500 miles (4020 km). This appears reasonable,
since this is 120 containers, 60 drums per truckload, which is within
feasible limits.

According to DOE-ER #14, the LLW from reprocessing has an estimated
activity of 10 ci/m% transporting 25m3 in 2 shipments translates to

12.6 m3 per shipment (also 60 drums of .21 m3 ea).
: T 4 3
Thus, estimated activity per shipment is: 12.6 m 10 ci _ :
Ship X oy 126 ci/shipment

rounded up to 130.




TRU Waste from Reprocessina Plant (and Metal Scrap)

DOE-ER Amendment 14 specifies transport of 10 m3/year by truck in
7.1 shipments.

[TRU waste + metal scrap = 21.5 shipment/year]
7 containers/shipment for TRU
6 containers/shipment for metal scrap.

TRU: 10 m3. 50 containers (55 gallon drums). 50 containers and 7/ship
= 7.1 shipments. At 0.21 m3 per container, 50 containers can hold 10 m3.

Shipping system seems reasonable and within current standards (see
previous discussion of TRU).

7 containers/shipment = 7(.21) = 1.4 m /shlpment Estimated activity of
TRU = 103 106 Ci/ma, average of 5 x 105 c1/m This translates to 7 x
10 ci/shipment.

METAL SCRAP: 14 m3, 102 containers (cylinders) = 0.14 m3/container.

102 containers at 6/ship = 17 shipments. At 0.14 m3 per container, this
is about 0.84 m3 per shipment. Estimated activity of metal scrap =

4 x 10° ci/m®. This translates to 3.36 x 105 Ci/shipment.

High-Level Waste for Reprocessing Plant

From DOE-ER Amendment #14, HLW (1 m3/ngr) is transported by rail in

3 shipments/year over 2500 miles. This translates to about 0.3 m3/shipment
and appears reasonable (and conservative) since it will be shipped in a
cask similar to the spent fuel cask ( 2 containers per cask).

From DOE- ER #14, estimated activity of HLW is 1.5 x 10 ci/m Thus,
at 0.33 m /sh1pment we get 5 x 106 ci/shipment.

The heat load for HLW may be obtained from the ORIGEN 2 code run by
Oak Ridge. Output of 4-27-82 (received from Orv Hill).

HLW will be shipped at 1 year (from DOE-ER #14). The heat load of HLW
at 1 year is 6.605 KW

one MTIHM of core/blanket fuel

= 78.40 KW total HLW/year

x 11.87 MTIHM

This translates to about 13 KW per container, or 26 KW per sh1pment
(limit of the cask design).




Noble Gases (Kr-85) and lodine (I1-129) from Reprocessing Plant
From DOE-ER Amendment #14:

Kr-85: 0.01 m3/year, 0.035containers/year (1 container every 28 years).
= 0.3 m*/1ifetime of plant

Estimated Activity of Kr-85 is 3.4 x 10% ci/m® at 0.3 m3/<hipment, this
translates to 1.02 x 106 ci/ship

1-128:  0.01 m/year, 0.05 container/year

1.5 container probably means 1 shipment/plant life (0.03 shipments/
year)

Estimated activity of I-129 is 1.4 x 102 ci/m3 at 0.3 m3/shipment,
this translates to 42 ci/shipment.



