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to reflect the accountability plutonium inventory aumbers, no adjustment h
other isotope numbers in the tables (see section 3.3.3.1).

3)  The shielding design basis includes a limited degree of conservatism due t
%Py content fuel, aged 13.5 years to 5/31/1998, as the composition basis.
material containing approximately 6.5% more '’Cs and *Sr per MTU tha
fuel content identified in the basin inventory (15.7% *°Pu content Mark I\
years to 5/31/1998).

2.1 NOMINAL DESIGN FEED

The nominal design feed is an average of the current inventory of spent fu

Basins. Tables in this section provide a summary of the current nominal design b

2.1.1 Inventory Totals

Tables 2.1 and 2.2 contain a summary of the nominal design basis feed in:
for the entire inventory of fuel in the combined K Basins. Table 2.1 includes the

been made to the

slecting 16%
‘his represents
1¢ highest actual
1el, aged 14.5

stored in the K
3 feed.

mation estimated
ymical

inventories, and Table 2.2 contains a summary of the radionuclide inventory for N neactor fuel,

Single Pass Reactor (SPR) fuel, and totals for each constituent.
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3.3 NOMINAL N REACTOR DESIGN BASIS FEED
3.3.1 N Reactor Fuel Chemical Content Methodology

The chemical content of the fuel is taken from concentration ranges and m:
the Hanford Spent Fuel Inventory Baseline (WHC 1994b) and totaled for all of the
the K Basins. The chemical conteat of the fuel is on a pre-irradiation basis derivex
reported pre-irradiation concentration range to the uranium, zirconium, and braze |
Reactor fuel of approximately 2,100,000, 145,000, and 3000 kg, respectively. Th
uranium and zircaloy-2 cladding quantities are based on information in the fuel inv
{WHC 1994b). The pre-irradiation braze quantity is based on a total of 1.37 g of
assembly (Weakley 1994) in the braze, and the braze component listing in the fuel
(WHC 1994b). In : post irradiated fuel, a small percentage of the uranium will’
or converted to © 1itonium, and some of the other constituents will have been activ:

mums found in
Reactor fuel in
y applying the
ing total in N
ire-irradiation
tory baseline
:yllium per
ventory baseline
/e been fissioned
i by neutron

bombardment, this is particularly true for the boron and hafnium which have relatively high neutron
capture cross sections. Major actinide and fission product amounts were derived u "1g the specific

activities of the nuclides and the nuclide amounts calculated in section 3.3.4 of this

yport. The

specific activities and half lives of the nuclides listed in this document are found in )pendix C. The
overall total chemical inventory is a composite of the uranium fuel, the zircaloy 2 cladding and the

zirconium/beryllium braze filler material using the midpoint where a range is listed.

3.3.2 N Reactor Fuel Chemical Inventory

Table 3.4 lists kilogram quantities of the chemical inventory of N Reactor
stored in the K Basi
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Mark IV fuel discharged from the reactor 2/20/1979 with a **Pu content of 16.72¢
mix of isotopes with the largest potential dose impact on people. There are 6.9 M
16.72% fuel stored at K Basins. The selected safety/regulatory assessment basis fu
Table 3.9. Through decay, the safety/regulatory assessment basis radionuclide con
time. Table 3.10 lists the radionuclide content of the safety/regulatory assessment
t0 05/31/2038 (a  oximately 40 years after the projected date of first fuel movem:
Basins).

Appendix B lists the RADNUC input and output files in their raw form. A

provides comparisons of the safety basis fuel (16.72% *Pu Mk IV N Reactor fuel
with other fuels and provides additional details regarding its selection.

3.6 HEAT GEN ATION BASIS FEED

The heat generation basis feed material was selected by choosing the fuel I¢”

generating the most heat within a fully loaded MCO, as opposed to the most heat p
comparison was made of different groups of fuel in the basins including: the most

discharged fuel, the shielding design basis fuel, the safety/regulatory assessment fi ~

%Py key which has been discharged for approximately 8.5 years. The heat gener
recently discharged fuel was 29 W/MTU; the shielding basis fuel was 147 W/MT
safety/regulatory assessment fuel was 137 W/MTU; and the 8.5 year old 13.4%
W/MTU. Although the shielding design basis fuel has a higher heat gei ion ra
shielding design basis fuel keys include only S and C length fuel. ...e safety/regu
fuel keys contain the longer E length fuel. The safety/regulatory assessment fuel ]
generation on a per assembly basis. The current strategy is to load up to 270 asse
MCO. Therefore, an MCO fully loaded with the safety/regulatory assessment fue
more heat than an MCO fully loaded with the shielding basis fuel. The heat gene:
therefore the same as the safety/regulatory assessment basis fuel already listed in "

3.7 CRITICALITY DESIGN BASIS FEED

spresents the
total of this

g shown in

t changes over
is fuel decayed
from the K

:ndix F
«d 19 years)

“apable of

MTU. A
rently
T113.4%
m the most

was 113
TU, the
sessment
ighest heat
1tQ

zenerate

iis fuel is

9 and 3.10.

The criticality design basis feed was determined by selecting the fuel with th highest
reactivity. In a conventional light water reactor such as the Hanford site productic reactors (well
moderated non-breeder reactor), more fissile atoms are used up than are created. ™ e reactivity of

the fuel therefore decreases with increasing burn-up. The highest reactivity fuels a
Mark 1A fuels. Current planning calls for the fuel to be segregated by type so tha
may contain either Mark 1A or Mark IV fuel, but not a mixture of the two. In the
IV fuel, the criticality ¢  gn basis is again un-irradiated Mark IV fuel.

28
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4.0 SINGLE PASS REACTOR FUEL

The information included in this section was taken from the Hanford Spent
Baseline (WHC 1994b).

4.1 BACKGROUND

Eight single-pass, water-cooled, graphite moderated reactors, commonly refen
pass reactors (SPR), operated at I* “ord to produce plutonium, beginning in 1944
Re or start-up and ending in 1971 with the 105-KE Reactor shut down (HAPO 1!
HAPO 19633, \PO 1963b, PNL 1991). The reactors and their operating period:
4.1,

Table 4.1: Operating Periods of the Hanford Single Pass Reactc

Reactor “"ford Area Operating Period

Startup Shutdown
105-B 100-B/C 1944 1968
105-C 100-B/C 1952 1969
105-D 100-D/DR 1944 1967
105-DR 100-D/DR 1950 1964
105-F 100-F 1945 1965
105-H 100-H 1949 1965
105-KW 100-KW/KE 1955 1970
105-KE 100-KW/KE 1955 1971

The older reactors (105-B, 105-C, 105-D, 105 , 105-F, and 105-H) were
Their graphite block cores were 11 meters (36 ft) high by 11 meters (36 ft) wide t
ft) long. A total of 2004 aluminum horizontal process tubes held the fuel and con
water. .Most of the older reactors had nine horizontal, boron-containing, water-co
running perpendicular to the process tubes. The 105-C and 105-H Reactors each .
control rods. T control rods entered the reactor from the side and provided ope
control, neutron flux shaping, and emergency shutdown control. A completely inc
emergency shutdown control was provided by vertical channels penetrating the co:
gravity filled with either boron-containing safety rods or boron-containing steel ba

¢ basic design of the 105-KE and 105-KW Reactors was similar to the olde
following exceptions. Their graphite cores were 12.5 meters (41 ft) high by 12.5
by 10.7 meters (35 ft) long. There were 3220 aluminum horizontal process tubes,
we  ter replaced with zirconium tubes. There were 20 horizontal control rods.

33
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4.2 FUEL DESCRIPTION (HAPO 1955, DUN 1967)

e@s ctor fuel consisted of a machined uranium core that was se: 1 within, and
metallur call ond an aluminum can. There were three basic designs for S . fuel elements;
solid core cylinders, hollow core cylinders, and tubes. All three types are shown i ‘igure 4.1. The
solid cylinder fuel was used from 1944 until the late 1950s. This design was adequ 2 until 1951,
when increasing reactor power levels and fuel exposure began to result in significar fuel failures.
The hollow cored fuel was used concurrently with the solid fuel from late-1954 uni ™ 1957 in an
attempt to reduce fuel failures, but this strategy was unsuccessful. Beginning in la 1955, the fuel
failure rate was successfully reduced by introduction of a tubular fuel design called 1 internally and
externally cooled (I&E) fuel,

Many variations of these basic designs were created in attempts either to impr 3 cooling of the
fuel element during irradiation or to simplify the fabrication process. In one succe...ul variation,
called the tru-line design, one end of the fuel element had a raised face while the other end had a
recessed face. The raised face mated with the recessed face of the adjacent fuel el:  ent in the tube to
improve cooling through better alignment of the fuel elements within the reactor tu ;. Tru-line
features are shown on the I&E fuel element in Figure 4.1.

1e SPR fuel was made primarily in two 2°U concentrations, natural (0.71%) d 0.947%;
although other enriched fuel (including 1.25%, 1.7%, and 2.1% Z°U) and depleted el (including
0.14% and 0.22% *°U) were also made. The lengths of the fuel elements range fi | approximately
12 cm (4.7 in) to 23 cm (9.0 in), with specific lengths generally associated with sp  fic ranges of
enrichment. The diameters of most of the fuel elements vary from 3.45 cm (1.36 | to 3.63 cm
(1.43 in) to accommodate slight differences in the process tubes of different reactoy  The fuel for
the KE and KW Reactors was generally the largest, ar even included some 5.1 cz 2 in) diameter
elements. The fuel for the 105-C R tor was larger than that used in the other fiv older reactors.
These variations in length, diameter, and secondary features, such as tru-line ends, * ad to a large
nu er of similar, but distinct, fuel element types. To allow for easy differentiatic , each fuel
element is stamped with a six character code. The second letter of the code identif* - the specific
model of fuel element, including the enrichment, dimensions, and group of reactor. > receive it.

The physical characteristics of some SPR fuel ¢ ient types are listed in Tabll .2 and reference

drav 1gs H-3-7350 and H 7352 (HAPO 1963b). Additional details are available the reference
drawings.

34
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SING E _PASS REACTOR FUEL

(FB100020)

Figure 4.1: Single Pass Reactor Fuel Elen
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Table 4.3 lists the chemical inventory in the SPR currently stored at Hanford.  1is information
was calculated using typical impurities of the materials in the SPR fuel elements for | in fuel
manufacturing documentation (HAPO 1955, HAPO 1958).

Table 4.3: Total Chemical Inventory in Single Pass Reactor Fuel M
{All quantities in kg)

Uranium Aluminum
" urity Allgy 501 Alloy X-8001 Al e
Boron NA? 1.20e-03 \
Cadmium NA 3.60e-03 L
Carbon NA \
Chromium 2.20e-01 NA A
Cobalt NA 1.20e-03 k
Copper NA 1.77e-01 9 "e-03
Iron 5.07e01 8.40e-01 3 )e02
Lithium NA 9.60e-03 LY
Magnesium 8.45e-02 NA A
Manganese 8.45¢-02 NA 5
Nickel 3.38e-01 1.40e+00 \
Nitrogen 3.38e-01 NA \
Silicon 2.54e-01 2.05e-01 \
Others, each NA 6.00e-02 3 e03
Others, total NA 1.80e-01 I.__e02

! NA indicate: i the impurity is not present at any appreciable level.

4.3 FUEL INVEN1 RY

There are 3.38 metric tons [as total] heavy metal (MTHM) of SPR fuel at Har rd. The
majority consists of 2.87 metric tons (MT) of highly depleted uranium and 8.7 kilc ,.ams of
plutonium, contained in 779 fuel elements. This highly depleted SPR fuel, stored ‘il 1995 at the
PUREX facility, has been moved to the KW Basin. The highly depleted fuel is a| tion of the fuel
which was irradiated in the KE and KW Reactors between December 1966 and M: {968 to produce
high Py content plutonium (WHC 1994b). The pre-irradiation °U content of th  1el was 0.14%
and the fuel was irradiated to an average exposure of 3000 MWD/MT. The post-i  diation 2*U
content is 0.064% and the plutonium contains 26% *Pu.

The remaining 0.50 MTHM of the SPR fuel is natural or enriched uranium contained in 185 fuel
elements; 0.40 MTHM in 138 elements within the KE Basin and 0.10 MTHM in ¢ clements within
the KW Basin (WHC 1991). The fuel is predominately the I&E tru-line design. ! st of this fuel is
residual material from the KE and the KW Reactors. A small amount of fuel fro1 he clean-out of
the 105-C and the 105-D Storage Basins is also included in the 0.50 MTHM total. he specific types
and numbers of fuel elements are listed below.
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Table 4.5: Total Activity of Selected Radionuclides in SPR Fue
(decayed to 1/1/94)

_Radionuclide ivi i
‘H 7.03e+02
ONi 6.76e+01
®Kr 7.33e+02
08¢ 1.36e+04
wy 1.36e+04
®Tc 6.67e+00
=Cd 1.69e¢+01
34Cs 6.76e+00
BICs 3.48e+04
Rt S ¥ 3.3
1518m 4.06e+02
1$4FEy 4.70e+02
155Ey 1.15¢+02
28y 1.45¢+02
PPy 4.06e4-02
“opy 6.42e+02
“ipy 1.69e+04
HAM 1.7 +03
Total 7.05e+04

4.5 FUEL STORAGE

The majority of the SPR fuel was stored until 1995 at the PUREX storage bas  although
smaller amounts were also stored at the K Basins. As of September 1995, when i fuel from
PUREX was transferred into the KW Basin, all SPR fuel has been located in the K oasins.

The fuel formerly stored at PUREX was stored in four buckets. Three of the four fuel buckets
were briefly lifted out of the water so that the condition of the fuel could be observ " and videotaped.
The buckets were full of fuel elements. There were several larger elements that ap ared to be either
the 2 inch (5.1 centimeter) diameter fuel elements or overpack containers. Tru-line nd features
could be seen on a few elements, although end features on most elements could not e seen, There
appeared to be sludge or corrosion product on many of the fuel elements.

39
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5.0 105-K BASIN SLUDGE (DELETED)

This section has been deleted. See Volume 2 of this document (HNF-SD-¢ F-TI-009) for
sludge information.
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-..e following pages contain the database used in the development of the radionucl : tables in the
document. The database includes the following 8 fields:

The first field is a location code a 108 in this field indicates the 10 K-East Basin and
a 107 indicates the 105 K-West Basin.

The second field is the key number which corresp Is to the date : fuel was
discharged from the reactor. The numbers are HAPO days and ini  ase by one each
day. HAPO day number one occurred September 26, 1944, the d: that B Reactor
achieved initial criticality.

A few records have key numbers in excess of 20000, (which corre nd to dates no
earlier than 1999) these few had 10000 added to differentiate fuel 1 es with two
different burnup rates discharged on the same day. 10000 was sut cted from the
key date of all records with key dates in excess of 20000 when the tabase was
converted into a data file.

The third field is the fuel model, and was not used.

The fourth field is the material type and this explains why there is “ym one to three
lines for each record. The numbers are codes for uranium, pluton n, and neptunium
as follows: 10 = depleted uranium (contains less than 0.71% ?U 20 = enriched
uranium (contains more than 0.71% *°U); 50 = plutonium; 81 = turally occurring
uranium (contains 0.71% **U); and 82 = neptunium. most of the cords contain a
line for uranium, a line for plutonium, and a line for neptunium; s e contain only
uranium and plutonium; and a few contain 0. r uranium.

The fifth field is a sub ID code, and was not used.
The sixth field is the fuel type, V. mark IV fuel, and I = mark . fuel.

The seventh field contains isotopic breakdown information. In the ranium lines the
seventh field is the post-irradiation U content given as a percent "~ the total

ur: .. In the plutonium lines the seventh field is the *°Pu conti given as a
percent of the total plutonium. The seventh field has no meaning i the neptunium
lines.

The eighth field is the discharge mass in metric tons. In the uranii | line it is the
total uranium mass, in the plutonium line it is the total plutonium 1 ss.

Of the approximately 500 records in the accountability database, 9 records ay be single pass
reactor fuel. These 9 records account for 0.32 MTU or about 0.015% of the total  ventory in the K
Basins. All 9 records contain 5.49% *°Pu and are modeled as N Reactor Mark IN uel. This fuel
does not significan ' impact either the chemical or radiological inventory of N Re or fuel in the K
Basins and therefore is modeled N Reactor fuel.
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Selected information was taken from the accountability database (Appendix A) to
following data files which were used as input files in the RADNUC program. F
were used; one for the combined basins, one for K-East alone, one for K-West a
shielding basis, and one for the safety/regulatory assessment basis. Eleven keys
(2.38 MTU) and two keys in the K West Basin (0.32 MTU) in the accountability
irradiated fuel, these keys are not included in the RADNUC input files. The ura
not included in the RADNUC input is added to the uranium mass, activity, and h

within the document.

The first four lines of the data files are used to identify the information, and are :
RADNUC. RADNUC uses the information following the first four lines to estin
content. Each line represents one record from the accountability database, and ¢

iformation:

® First Field

® Second Field

@ Third Field

® Fourth Field

® Fifth Field

e Sixth Field

® Seventh Field

e Eighth Field

-1e first field is the Key Number. This is the da
the fu was discharged from the reactor.

The second field is the grade and is ignored by R.
corresponds to the percent **Pu of the total pluto:

The third field is the type fuel, and indicates the i
enrichment. This field contains either a 1 corresp
fuel or a 4 corresponding to mark 4 fuel.

The fourth field is the number of elements in the |
ignored by RADNUC.

The fifth field is the percent **Pu of the total plut
The sixth field is the combined masses of uranium

the accountability database. The intent is to estim
irradiation uranium content of the fuel this will be

underestimation of the pre-irradiation uranium bec~

account for fission product mass.

The seventh field is the month the fuel was proces
is important to note that the RADNUC program w
estimate radionuclides in tank waste. The number
seventh and eighth fields is described in the eighth
below.

The eighth field is the year the fuel was processed

seventh and eighth fields were set to 12 and 99 coi
December 1999, a date later than 1/1/1995 (decay

B-2

welop the

separate data files
€, one for the

the K East Basin
itabase were un-
m from the keys

. generation tables

ored by
: the radionuclide
ains the following

HAPO day) that

INUC. The grade
m,

ial 25U
ding to mark 1A

ord. This field is

um.

id plutonium from
the pre-

slight

e it does not

lin PUREX. It
written to

sed in the

:lds definition

PUREX. The
sponding to
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1038534 000 11.21 0.141018 12 99
1038534 000 11.21 23.81023 (2 99
1038534 000 11.21 0.298905 12 99
1038534 000 10.21 0.075994 12 99
1038534 000 1121 0.659715 12 99
1038534 000 1121 11.17924 12 99
1038534 000 11.21 0.154738 12 99
1045634 000 11.24 0.009548 12 99
1045634 000 11.24 0.031918 12 99
1045634 000 11.24 0.414766 12 99
1045634 000 11.24  1.348222 12 99
1045634 000 11.24 21.44289 12 99
1045634 000 11.24 3.186772 12 99
1057634 ) 11.09 3.881855 12 99
1057634 000 11.09 0.043956 12 99
1060244 000 13.75 0.081456 12 99
1060234 000 11.09 0.031925 12 99
1060244 000 13.75 0.55955 12 99
1060234 000 11.09 0.030958 12 99
1060244 000 13.75 24.79309 12 99
1060244 000 13.75 1.22853 12 99
106794 4 000 14.09 0.309500 12 99
1067934 000 11.09 0.014136 12 99
1067944 000 14.09 0.124291 12 99
1067934 000 11.09 1.255033 12 99
1067944 000 14.09 2296605 12 99
1067944 000 14.09 1.296428 12 99
1074244 000 14.25 1.170103 12 99
1074244 000 1425 1236114 12 99
107424 4 000 14.25 0.462965 12 99
1074234 000 10.8 0.549476 12 99
1074244 000 14.25 5.806125 12 99
1074234 000 10.8 0.22488 12 99
1077034 000 11.66 0.681667 12 99
1077044 000 13.91 14.11261 12 99
1077044 000 13.91 4.436449 12 99
1083244 000 13.65 0.260688 12 99
1083244 000 13.65 0.041425 12 99
1083244 000 13.65 2.044619 12 99
1083244 000 13.65 47.31945 12 99
1083244 000 13.65 3.138458 12 99
1098244 000 1497 0.173868 12 99
1098244 000 14.97 0.126892 12 99
1098234 000 11.7  0.706201 12 99
1098244 000 1497 15.20181 12 99
1098244 000 1497 0.94076 12 99
1098244 000 1497 0.08688 12 99
000

10982 3 4 11.7 0.059721 12 99
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1098234 000 11.7 0.331757 12 99
1098244 000 1497 7.000482 12 99
1098234 000 117 0.498938 12 99
1103644 000 14.37 0.006372 12 99
1103644 000 13.31 0.326927 12 99
1103644 000 14.37 7.817157 12 99
11036 44 000 1437 0.686572 12 99
1103644 000 13.31 0.003176 12 99
1103644 000 14.37 0.013257 12 99
1103644 000 13.31 0.123844 12 99
1103644 000 14.37 3.698878 12 99
11036 44 000 14.37 0.330283 12 99
1110944 000 14.62 0.16921 12 99
1110944 000 14.62 0.674804 12 99
1110944 000 14.62 15.10859 12 99
1110944 000 14.62 1.238823 12 99
1110934 000 10.32  0.079566 12 99
1110934 000 10.32 0.331711 12 99
1110944 000 14.62 7.091013 12 99
1110944 000 14.62 0.576213 12 99
1118344 000 1449 0.184538 12 99
1118344 000 1449 0.140773 12 99
1118344 000 14.49 0.189703 12 99
1118344 000 14.49 3290384 12 99
1118344 000 14.49 1.014554 12 99
1118344 000 14.49 0.031018 12 99
1118344 000 14.49 0.210257 12 99
1118344 000 14.49 0.043892 12 99
1118344 000 14.45 0.097674 12 99
1118344 000 1449 0.066214 12 99
1118334 000 11.02 0.089084 12 99
1118344 000 1449 1543086 12 99
1118344 000 14.49 0.491747 12 99
1137244 000 15.17 0.130374 12 99
1137244 000 15.17 0.042237 12 99
1137244 000 15.17 0.421612 12 99
1137244 000 15.17 1991088 12 99
1137244 000 15.17 0.686564 12 99
1137244 000 1517 0.059719 12 99
1137234 000 12.05 0.019892 12 99
1137234 000 12.05 0.178219 12 99
1137234 000 12.05 9.414279 12 99
1137244 000 15.17 0.309187 12 99
1144944 000 14.37 0.197256 12 99
1144944 000 1437 0.094853 12 99
1144944 000 14.37 16.26954 12 99
1144944 000 1437 3.361394 12 99
000

114494 4 14.37  0.086193 12 99
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1144334 000 11.03 0.039598 12 99
1144944 000 1437 7.629647 12 99
1144934 000 11.03 1.616732 12 99
1154034 000 11.66 0.152125 12 99
1154034 000 11.3 0.141035 12 99
1154034 000 11.3 0.042167 12 99
1154034 000 113  7.603293 12 99
1154034 000 113  0.59779 12 99
1154034 000 11.3 0.982763 12 99
1154034 000 11.66 0.076006 12 99
1154034 000 11.3  0.072978 12 99
1154034 000 11.3  0.024759 12 99
1154034 000 113 3.567068 12 99
1154034 000 11.3  0.274249 12 99
1173334 000 12.82 0.349841 12 99
1173334 000 12.82 0.089642 12 99
1173334 000 10.36 0.156979 12 99
1173334 000 10.36 0.049213 12 99
1180644 000 15.03 0.162968 12 99
1180634 000 11.94 0.084643 12 99
1180634 000 11.94 0.021097 12 99
1180644 000 15.03 1825962 12 99
11806 44 000 15.03 0.268532 12 99
1180634 000 11.94 0.327677 12 99
1180644 000 15.03 0.070582 12 99
1180634 000 11.94 0.033183 12 99
1180634 000 1194 0.00991 12 99
1180634 000 11.94 8.607779 12 99
11806 44 000 15.03 0.126466 12 99
1189734 000 11.69 3.046193 12 99
1189744 000 1547 20.37553 12 99
1189744 000 1547 161182 12 99
1189744 000 15.47 0.00663 12 99
1189734 000 11.69 1.431082 12 99
1189744 000 15.47 9.584959 12 99
1189744 000 15.47 0.751884 12 99
1197944 000 15.3¢ 0.081493 12 99
1197944 000 1534 1.854741 12 99
1197944 000 15.34 1426082 12 99
1197944 000 1534 1.9262¢ 12 99
1197944 000 1534 0.371669 12 99
1197944 000 15.34 9.622194 12 99
1197944 000 1534 0.461079 12 99
1197934 000 11.7  0.89586 12 99
1197944 000 1534 6.693747 12 99
1197934 000 11.7 0.892379 12 99
1212744 000 1473  0.146527 12 99
1212744 000 1473 0.497313 12 99
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1212744 000 14.73  0.340679 12 99
1212744 000 1473 26.23191 12 99
1212744 000 14.73 3.336408 12 99
1220144 000 1398 0.13036 12 99
1220134 000 11.38 0.01059 12 99
1220134 000 11.38 0.449298 12 99
1220144 000 1398 159358 12 99
1220144 000 13.98 5.664989 12 99
1220134 000 11.38 0.007507 12 99
1224044 000 1451 0.063584 12 99
1224034 000 11.22 0.029896 12 99
1228544 000 1445 0.014083 12 99
1228544 000 14.45 0.031772 12 99
1228534 000 12.1 0.759011 12 99

28544 000 1445 _ 7036 12 99
1228544 000 14.45 6.101811 12 99
1228534 000 12.1 0.004972 12 99
1248044 000 14.29 0.580019 (2 99
1248034 000 12,38 0.24784 12 99
124804 4 000 1429 49.62144 12 99
1248044 000 1429  3.732459 12 99
1256544 000 14.15 0.290153 12 99
1256544 000 14.15 0.139326 12 99
1256544 000 14.15 3478675 12 99
1256544 000 14.15 3.646776 12 99
1263944 000 13.84 0.02309 12 99
1263944 000 13.84 403312 12 99
1263944 000 13.84 5400192 12 99
1285234 000 11.43  2.525342 12 99
1301544 000 13.19 0.216604 12 99
1301544 000 13.19 0.654274 12 99
1301614 000 5.63 0.02194 12 99
1337114 000 6.58 0.021128 12 99
1364934 000 11.4  0.374685 12 99
1364944 000 13.25 0.588463 12 99
1364944 000 13.25 3.972961 12 99
1368544 000 13.34 2.617419 12 99
1406514 000 5.62 0.023287 12 99
1435544 000 1574 0.094818 12 99
1435534 000 12 6.202162 12 99
1435544 000 15,74 0.313212 12 99
1435544 000 15.74 0.04455 12 99
1435534 000 12 2.916202 12 99
1435544 000 15.74 0.147505 12 99
1435634 000 11.28 0.180698 12 99
1435634 000 11.28 3.207757 12 99
1435634 000 11.28  0.022035 12 99
1435634 )0 11.28 8.161901 12 99
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1435634 000 11.28 1.352138 12 99
1435634 000 11.28 0.372588 12 99
1435634 000 11.28 0.085034 12 99
1435634 000 11.28 0.103665 12 99
1472214 000 5.05 0.068843 12 99
15204 14 000 6.01 0.015919 12 99
1520414 000 553 0.351245 12 9%
15204 14 000 6.01 14.30584 12 99
1520414 000 6.01 3.164697 12 99
1520414 000 6.01 59.48539 12 99
1520414 000 6.01 20.10897 12 99
1520414 000 601 0.007492 12 9
1524014 000 5.6 0.015919 12 99
1524014 000 5.71 0.374804 12 99
1524014 000 5 0.088008 12 99
1524014 000 5.6  0.006644 12 99
1524014 000 S.6  0.007041 12 99
1531614 000 6.1 10.04697 12 99
1531614 ( ' 6.1 0.186043 12 99
1531614 000 6.1 4.962912 12 99
15316 14 000 6.1 4.334796 12 99
1531614 000 6.1 0.007492 12 99
1544414 000 4.7 0.103706 12 99
1544414 000 4.7 0.116956 12 99
1544414 000 4.7 0.087941 12 99
1545114 000 497 1.497135 12 99
1545114 000 6.79 6.799597 12 99
1545114 000 6.79 0.092684 12 99
1545114 000 6.79 0.044007 12 99
1545514 000 494 0373161 12 99
1545514 000 4.94 0.748424 12 99
1545514 000 494 0373987 12 99
1545714 000 1.69 0.046801 12 99
1545714 000 435 0.290374 12 99
1545814 000 3.44 0.374335 12 99
1545814 000 4.26 21.2791 12 99

145814 000 426 2597811 12 99
1545814 000 4.26 67.36977 12 99
1545814 000 4.26 0.373516 12 99
1545814 000 4.26 40.36723 12 99
1546014 000 2.83 2.948269 12 99
1546014 000 4.29 1493406 12 99

46114 000 155 12.73 12 99

1435634 000 11.28  0.014051 12 99
1435634 000 11.28 0.010471 12 99
0962111 000 6.04 0.105599 12 99
0996411 000 6.18 0.01714 12 99
0996411 000 6.18 0.279918 12 99
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0996414 000 6.26 0.041696 12 99
09964 11 000 6.18 0.013785 12 99
09964 11 000 6.18 0.003883 12 99
09964 11 000 6.18 0.005486 12 99
0996414 000 6.26 0.033371 12 99
0999331 000 10.29 0.246594 12 99
0999331 000 10.29 4.643864 12 99
0999331 000 10.29 3.572316 12 99
1000144 000 13.59 0.031624 12 99
1000144 000 13.59 0.031755 12 99
1000114 000 S5.61 0.013364 12 99
1000144 000 13.59 0.029833 12 99
10001 44 000 13.59 0.723905 12 99
10001 14 000 S.61 0.019654 12 99
100 114 000 561 002194 12 99
1000144 000 13.59 0.007474 12 99
10001 14 000 5.61 0.006289 12 99
1000144 000 13.59 0.014039 12 99
1020121 000 9.22 0.249793 12 99
1020121 000 922 0490728 12 99
1020121 000 9.22 12.14053 12 99
1020121 000 9.22 1236388 12 99
1025931 000 10.35 0.736071 12 99
1025931 000 10.35 2.228769 12 99
1029421 000 9.8 19.0871 12 99

1029421 000 9.8 0.061858 12 99

1035031 000 10.65 0.011009 12 99
1035031 000 10.65 1.30869 12 99
1035031 000 10.65 13.58606 12 99
1035031 000 10.65 0.896723 12 99
1035031 000 10.65 0.005503 12 99
1038531 000 10.42 0.011227 12 99
1038531 000 10.42 7.494582 12 99
1045631 000 11.37 15.61247 12 99
1045631 000 11.37 0.958057 12 99
1060231 000 11.11 0.011238 12 99
1060231 000 11.11 13.86589 12 99
1060231 000 11.11 0.649808 12 99
1067931 000 11.76  0.163905 12 99
1067931 000 11.76  7.764973 12 99
1067931 000 11.76 3.558569 12 99
1074231 000 12.77 0.007962 12 99
1074231 000 12.77 0.210765 12 99
1074231 000 12.77 3.650096 12 99
1074231 000 12.77 2.783527 12 99
1074231 000 12.77 0.005285 12 99
1077041 000 13.16 0.010359 12 99

000

10770 4 1 13.16 6.159879 12 99
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1077041 000 13.16 2.009749 12 99
1077041 000 13.16  0.005106 12 99
1083231 000 1292 13.07947 12 99
1083231 000 12.92 3.696517 12 99
1098241 000 13.73 0.020983 12 99
1098241 000 13.73 0.023391 12 99
1098241 000 13.73 16.49613 12 99
1098241 000 13.73 0.694274 12 99
1098241 000 13.73 0.010547 12 99
1103641 000 13.6 7.613446 12 99
1110941 000 13.7 0.468068 12 99
1110941 000 137 14.63286 12 99
11 ¥41 000 13.7 0.005275 12 99
1118341 000 13.31 0.022094 12 99
1118341 000 13.31 0. 4 12 99
11182 1 000 13.31 9.361327 12 99
1118341 000 1.31 0.24688 12 99
1118341 000 13.31 0.010881 12 99
1137241 000 13.77 0.690168 12 99
1137241 000 13.77 18.57126 12 99
1137241 000 13.77 0.709699 12 99
1144941 000 1345 0.105257 12 99
1144941 000 1345 18.58285 12 99
1144941 000 13.45 1.298701 12 99
1154041 000 13.26 12.48741 12 99
1180641 000 13.86  0.210315 12 99
1180641 000 13.86 19.23798 12 99
1180641 000 13.86 0.54114 12 99
1189741 000 14.4 0.023484 12 99
1189741 000 14.4 1.986457 12 99
1189741 000 14.4 17.69781 12 99
1189741 000 144 0.003856 12 99
1197941 000 14.27  0.007981 12 99
1197941 000 14.27 0.011234 12 99
1197941 000 14.27 0.010507 12 99
1197941 000 14.27 1.952108 12 99
1197941 000 1427 14.49357 12 99
1197941 000 14.27 8.884854 12 99
1197941 000 14.27 0.010731 12 99
1212741 000 14.22 0.982493 12 99
1212741 000 1422  13.32088 12 99
1212741 000 14.22 1.483142 12 99
1220141 000 1324  0.748323 12 99
12201 1 000 13.24 2437494 12 99
1228541 000 13.17 0.246182 12 99
1228541 000 13.17 19.5675 12 99
1248041 000 13.78 0.022173 12 99
1248041 000 13.78 19.43003 12 99
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1256541 000 13.7 0.011092 12 99
1256541 000 13.7 25.24008 12 99
1263941 000 13.06 0.011095 12 99
1263941 000 13.06 23608 12 99
1263941 000 13.06 0.005465 12 99
1282341 000 13.17 7.213609 12 99
1282341 000 13.17 0.63684 12 99
1285241 000 13.01 10.86065 12 99
1285241 000 13.01 2.874132 12 99
1285244 000 13.42 0.047668 12 99
1285244 000 13.42 66.60527 12 99
1285244 000 13.42 0.373472 12 99
1285244 000 13.42 0.022424 12 99
1294241 000 13.03 0.740693 12 99
1294241 000 13.03 17.44634 12

1294241 000 13.03 2 0894 12 99
1294234 000 12.1 0.374625 12 99
1294234 000 12.82 0.370306 12 99
1294234 000 12.82 0.557199 12 99
1294234 000 12.82 50.14236 12 99
129423 4 000 12.82 1.471475 12 99
1301544 000 13.19 0.010524 12 99
1301534 000 12.13 0.374619 12 99
1301544 000 13.19 4.595128 12 99
1301544 000 13.19 36.66284 12 99
1301544 000 13.19 2.61431 12 99
1301544 000 13.19 0.004952 12 99
1301641 000 13.18 0.764476 12 99
1301641 000 13.18 19.61480 12 99
1301641 000 13.18 0.248292 12 99
1301641 000 13.18 0.005246 12 99
1301641 000 13.18 0.015362 12 99
1301734 000 11.39 1.131855 12 99
13 734 000 1139 2542655 12 99
1301734 000 11.39 0.374331 12 99
1337131 000 1295 0.015909 12 99
1337131 000 1295  0.245652 12 99
1337131 000 1295  4.723547 12 99
1337131 000 1295  0.010241 12 99
1337244 000 13.02 0.01496 12 99
1337244 000 13.02 3.176879 12 99
1337244 000 13.02 11.79194 12 99
1337244 000 13.02 4.333318 12 99
1337244 000 13.02  0.004961 12 99
1352444 000 13.13 4.10635 12 99
1352444 000 13.13 2.929691 12 99
1352444 000 13.13 2597653 12 99
1352444 000 13.13 4.639363 12 99
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1352541 000 13.52 1.219785 12 99
1352541 000 1352 16.37086 12 99
1364831 000 11.67 0.032575 12 99
1365041 000 13.41 1.438302 12 99
1365041 000 13.41 12.42106 12 99
1365041 000 13.41 2.724184 12 99
1368631 000 12.41 0.023387 12 99
1368631 000 12.41 17.62132 12 99
1368631 000 12.41 0.247753 12 99
13724 11 000 5.99 0.015523 12 99
1385834 000 12.01 0.374632 12 99
1385834 000 12.04 3.127837 12 99
1385834 000 12.04 48.353 12 99
1385834 000 12.04 1.011267 12 99
I. 834 000 12.04 0.004955 12 99
1385931 000 12.28 0.007927 12 99
1385931 000 12.28 0.011657 12 99
1385931 000 12.28 25.87721 12 99
1385931 000 1228 3.751426 12 99
1385931 000 12.28 0.005246 12 99
1405514 000 2.39 0.327945 12 99
1406514 000 5.67 0.015902 12 99
1406514 000 5.67 0.071951 12 99
1406514 000 5.67 0.00446 12 99
1406514 000 5.67 0.024244 12 99
1406514 000 5.67 0.007021 12 99
1444814 000 5.99 0.012272 12 99
1488314 000 S5.66  0.022262 12 99
1520414 000 5.92 0.015919 12 99
1524411 000 S5.44 0.007949 12 99
1524411 000 5.44  0.01126 12 99
1524411 000 544  0.042169 12 99
1524411 000 544  0.02338 12 99
1524411 000 5.« 0.132474 12 99
1524411 000 S5.44 0.124027 12 99
1524411 000 5.4 0.007481 12 99
1524411 000 5.44 0.004961 12 99
1524444 000 13.58 0.007019 12 99
1534711 000 6.16 0.007949 12 99
1534711 000 6.16 0.01169 12 99
15347 1 000 6.16 0.083168 12 99
15347 1 000 6.16  0.031137 12 99
1534711 000 6.16 0.010645 12 99
1544511 O 5.23 1.297919 12 99
f544511 000 5.23 0.669493 12 99
1544811 000 454  0.008002 12 99
1544811 000 4.54  0.015812 12 99
1544811 000 4.54 0.003766 12 99
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1544811 000 454  0.005327 12 99
1545111 000 5.31 0.46584 12 99
1545711 000 2.85 0.033293 12 99
1545911 000 4.06 25.28046 12 99
1545911 000 4.06 8.661046 12 99
1546011 000 3.32 2.097296 12 99
1555511 000 4 0.008002 12 99

1555511 000 4 0.01132 12 99

1154044 000 16.49 0.031623 12 99
1154044 000 16.49 6.873061 12 99
1154044 000 16.49 0.984106 12 99
1154044 000 13.73 0.009902 12 99
115404 4 000 16.49 3.241216 12 99
1154044 000 16.49 0.456485 12 99
1256544 000 16.72 6... 1973 12 99
1256544 000 16.72 0.175589 12 99
1285244 000 16.62 4.201198 12 99
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"06/02/19° . RADNUC2A run for combi K Basins
" Results decayed to 05/ 1998 "

" _.tal MTU " 2099.1

" Total Curies " 5.50E+07

" Total BTU * 5.49E+05

"Isotope""Curies” "BTUs"

"H-3 "3.59E+04 4.12E+00
"C-14 "2.35E-02 2.34E-05
"Se-79 "8.62E+01 9.07E-02
"Kr-85 "S.90E+05 3.02E+03
"Sr-89 "0.00E+00 0.00E+00
"Sr-90 "1.0°7 07 4.01E+04
"Y-90 "1.01E+07 191E+05
"Y-91 "2.23E-14 2.73E-16
"Zr-93 "3.87E+02 1.52E-01
"Nb-93m "2.39E4 = 1.46E-01
"Zr95 "1.67E-12 2.87E-14
"Nb-95 "3.70E-12 6.06E-14
"Nb-95m "1.2°7 14 S5.58E-17
“Tc-99 "2.88E+03 4.93E+00
“Ru-103 "0.00E+00 0.00E+00
"Rh-103m"0.00E+00 0.00E+00
"Ru-106 "1.82E+03 3.70E-01
"Rh- )6° 82E+03 5.94E+0I
"Pd-107 "1.63E+01 3.05E-03
"Ag-110 "2.84E-04 7.28E-09
“Ag-110m"2.14E02 1.21E-03
"Cd-113m"3.55E+03 1.33E+01
"Cd-115m"0.00E+00 0.00E+00
“Sn-119m"2.76E-02  4.85E-05
"Sn-121m"2.69E+01 9.64E-02
"Sn-123 "1.74E-05 1.85E-07

" »123m"2.76E-11 1.36E-13
"Sb-124 "3.03E-18 1.37E-19
"Sb-125 "3.23E+04 3.47E+02
"Te-125m"7.89E+03 2.27E+01
"Sn-126 "1.56E+02 1.63E-01
“Sb-126 "2.18E+01 1.35E+00
"Sb-126m"1.56E+02 6.81E+00
“Te-127 "9.49E-07 4.37E-09
"Te-127m"9.69E-07  1.64E-09
"Te-129 "0.00E+00 0.00E+00
"Te-129m"0.00E+00 0.00E+00
"I-129 “6.37TE+00 1.02E-02
"Cs-134 "1.5 +04 S5.54E+02
"Cs-135 "7.75SE+01 8.84E-02
"Cs-137 "1.32E+07 4.55E+04
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"Key" "Grade" "Fuel” "Pieces” "%Pu-240" "Uranium” "Mo" "Yr"
0.006673 12 99
0.076694 12 99
0.023972 12 99

"105 K-East charge data”
0962114 000 5.94
0962114 000 594
0962114 000 6.01
0962114 000 5.94
0962114 000 594
0962114 000 594
09621 14 000 5.94
0962114 000 594
0962114 000 594
1000134 000 124
1000134 000 124
1000134 000 124
1000134 000 124
1000134 000 124
1000134 000 12.4
1020124 000 9.09
1020124 000 9.09
1020124 000 9.09
1020124 000 9.09
1020124 000 9.09
1020124 000 9.09
1025934 000 10.41
1025934 000 10.41
1025934 000 10.41
1025934 000 1041
1025934 000 10.41
1025934 000 10.41
1029424 000 894
1029434 000 10.4
1029434 000 10.4
1029434 000 10.4
1029434 000 10.4
1029424 000 8.94
1029434 000 104
1029434 000 104
1029434 000 10.4
1029434 000 10.4
1035024 000 9.28
1035024 000 9.28
1035024 000 9.28
1035024 000 9.28
1035024 000 9.28
1035024 000 9.28
1038534 000 10.21
1038534 000 1121

0.0099
0.002374
0.072655
0.149847
0.009728
0.050475
0.04212
0.014903
0.006639
0.00991
0.029932
0.035065
1.075459
0.366031
0.343918
0.537029
0.172074
0.161819
0.050612
1.476838
12.34494
0.031588
0.718433
5.758699
0.032608
0.012648
0.812226
24.15077
0.762301
0.027153
0.006317
0.381403
11.35286
0.344639
0.031646
0.238728
0.089727
0.014861
0.112204
0.042207
0.130384

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

12 99

99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
9
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99

0.141018 12 99



103853 4
103853 4
10385 3 4
103853 4
103853 4
103853 4
10456 3 4
10456 3 4
10456 3 4
10456 3 4
10456 3 4
10456 3 4
10576 3 4
10576 3 4
10602 4 4
10602 3 4
10602 4 4
10602 3 4
10602 4 4
10602 4 4
10679 4 4
10679 3 4
10679 4 4
10679 3 4
10679 4 4
10679 4 4
10742 4 4
10742 4 4
10742 4 4
107423 4
10742 4 4
107423 4
107703 4
10770 4 4
10770 4 4
10832 4 4
10832 4 4
10832 4 4
10832 4 4
10832 4 4
10982 4 4
10982 4 4
10982 3 4
10982 4 4
10982 4 4
10982 4 4
109823 4
10982 3 4

SEE8EEEEEE8EEEEE888E88888888828883888888888888888

11.21
11.21
10.21
11.21
1121
11.21
11.24
11.24
11.24
11.24
11.24
11.24
11.09
11.09
13.75
11.09
13.75
11.09
13.75
13.75
14.09
11.09
14.09
11.09
14.09
14.09
14.25
14.25
14.25
10.8

14.25
10.8

11.66
13.91
13.91
13.65
13.65
13.65
13.65
13.65
14.97
14.97
1.7

14.97
14.97
14.97
11.7

11.7

HNF-

23.81023
0.298905
0.075994
0.059715

11.17924
0.154738
0.009548
0.031918
0.414766
1.348222

21.44289
3.186772
3.881855
0.043956
0.081456
0.031925
0.55955
0.030958

24,79309
1.22853
0.309509
0.014136
0.124291
1.255033

22.96605
1.296428
1.170103
12.36114
0.462965
0.549476
5.806125
0.22488
0.681667
14.11261
4.436449
0.260688
0.041425
2.044619

47.31945
3.138458
0.173868
0.126892
0.706201
15.20181
0.94076
0.08688
0.059721
0.331757

SNF-TI-009, Volu

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
9
99
99
99
99
9
9
99
99
99
99
99
99
99
99
99
99
99
99

1, Rev. 2
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1098244 000 1497 7.090482 12 99
1098234 000 11.7 0.498938 12 99
1103644 000 1437 0.006372 12 99
1103644 000 1331 0.326927 12 99
1103644 000 1437 7.817157 12 99
1103644 000 14.37 0.686572 12 99
1103644 000 13.31 0.003176 12 99
1103644 000 1437 0.013257 12 99
1103644 000 13.31 0.123844 12 99
1103644 000 14.37 3.698878 12 99
1103644 000 14.37 0.330283 12 99
1110944 000 1462 0.16921 12 99
1110944 000 14.62 O._. .04 12 99
1110944 000 14.62 15.10859 12 99
1110944 000 1462 1.23 . 12 99
1110934 000 1032 0.079566 12 99
1110934 000 10.32 0.331711 12 99
1110944 000 1462 7.091013 12 99
1110944 000 14.62 0.576213 12 99
1118344 000 1449 0.184538 12 99
1118344 000 14.49 0.140773 12 99
1118344 000 1449 0.189703 12 99
1118344 000 1449 3290384 12 99
1118344 000 1449 1.014554 12 99
1118344 000 1449 0.031018 12 99
1118344 000 14.49 0.210257 12 99
1118344 000 14.49 0.043892 12 99
1118344 000 14.49 0.097674 12 99
1118344 000 1449 0.066214 12 99
1118334 000 11.02 0.089084 12 99
1118344 000 1449 1543086 12 99
1118344 000 1449 0.491747 12 99
1137244 000 15.17 0.130374 12 99
1137244 000 15.17 0.042237 12 99
1137244 000 15.17 0.421612 12 99
1137244 000 15.17 19.91088 12 99
1137244 000 15.17 0.686564 12 99
1137244 000 15.17 0.059719 12 99
1137234 000 12.05 0.019892 12 99
1137234 000 12.05 0.178219 12 99
1137234 000 12.05 9.414279 12 99
1137244 000 15.17 0.309187 12 99
11449 44 000 k37 0.197256 12 99
000

11449 4 4 1437 00 53 12 99
1144944 000 14.37 16.26954 12 99
1144944 000 14.37 3.361394 12 99
1144944 000 14.37 0.086193 12 99
114493 4 11.03  0.039598 12 99

g
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14356 3 4
14356 3 4

11.28  0.014051 12 99
11.28 0.010471 12 99

1435634 000 11.28 0Q.372588 12 99
1435634 000 11.28 0.085034 12 99
1435634 000 11.28 0.103665 12 99
14712214 000 5.05 0.068843 12 99
1520414 000 6.01 0.015919 12 99
15204 14 000 5.53 0.351245 12 99
15204 14 000 6.01 1430584 12 99
1520414 000 6.01 3.164697 12 99
15204 14 000 6.01 59.48539 12 99
1520414 000 6.01 20.10897 12 99
1520414 000 6.01 0.007492 12 99
1524014 000 56  0.015919 12 99
1524014 000 5.71 0.374804 12 99
1524014 000 5.6 0.088008 12 99
1524014 000 5.6 0.006644 12 99
1524014 000 5.6 0.007041 12 99
1531614 000 6.1 10.04697 12 99
15316 14 000 6.1 0.186043 12 99
1531614 000 6.1 4962912 12 99
1531614 000 6.1 4.334796 12 99
1531614 000 6.1 0.007492 12 99
1544414 000 4.7 0.103706 12 99
1544414 000 4.7 0.116956 12 99
1544414 000 4.7 0.087941 12 99
1545114 000 497 1.497135 12 99
1545114 000 6.79 6.799597 12 99
1545114 000 6.79 0.092684 12 99
1545114 000 6.79 0.044007 12 99
1545514 000 4.94 0.373161 12 99
1545514 000 4.94 0.748424 12 99
1545514 000 4.94 0.373987 12 99
1545714 000 1.69 0.046801 12 99
1545714 000 435 0.290374 12 99
1545814 000 3.44 0.374335 12 99
1545814 000 426 21.2791 12 99
1545814 000 426 2.597811 12 99
1545814 000 4.26 67.36977 12 99
1545814 000 4.26 0.373516 12 99
1545814 000 4.26 4036723 12 99
1546014 000 2.83 2.948269 12 99
1546014 000 4.29 1493406 12 99
1546114 000 1.55 12.73 12 99
000
000
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"06/02/1997 RADNUC2A run for K-EAST "
* Results decayed to 05/31/1998 "

" Total MTU " 1146.0

" Total Curies " 2.73E+07

" Total BTU " 2.75E+05

"Isotope”"Curies” "“BTUs"

"H-3 "1.76E+04 2.02E+00
"C-14 "1.18E-02 1.18E-05
"Se-79 "4.35E+01 4.57E-02
"Kr-85 "2.84E+05 1.45E+03
"Sr-89 "0.00E+00 0.00E+00
“S1-90 "4.9 06 1977 +04
"Y-90 "497E+06 9.37E+04
"Y-91 "1.78E-14 18E-16
"Zr-93 "1.94E+02 7.60E-02
“Nb-93m "1.22E+02 7.43E-02
"Zr-95 "1.34E-12 2.31E-14
“Nb-95 “2.98E-12 4.87E-14
"Nb-95m "9.95E-15 4.48E-17
"Tc-99 "1.45E+03 2.48E+00
"Ru-103 "0.00E+00 0.00E+00
"Rh-103m"0.00E+00 0.00E+00
"Ru-106 "1.39E+03 2.82E-01
"Rh-106 "1.39E+03 4.52E+01
"Pd-107 "8.59E+00 1.61E-03
"Ag-110 “2.28E-04 5.83E-09
"Ag-110m"1.71E-02  9.70E-04
"Cd-113m"1.80E+03 6.77E+00
"Cd-115m"0.00  +00 0.00E+00
"Sn-119m"2.35E-02 4.13E-05
“Sn-121m"1.38E+01 4.94E-02
"Sn-123 "1.46E-05 1.56E-07
"Te-123m"2.33E-11  1.15E-13
"Sb-124 "2.49E-18 1.12E-19
"Sb-125 "1.63E+04 1.75E+02
“Te-125m"3.98E+03 1.14E+01
“Sn-126 "8.07E+01 8.46E-02
"Sb-126 "1.13E+01 6.98E-01
"Sb-126m"8.07E+01 3.53E+00
"Te-127 "7.90E-07 3.64E-09
"Te-127m"8.07E-07  1.36E-09
"Te-129 "0.00E+00 0.00E+00
"Te-129m"0.00E+00  0.00E+00
"1-129 "3.26E+00 5.20E-03
“Cs-134 "6.95E+03 2.42E+02
"Cs-135 "3.96E+01 4.52E-02
"Cs-137 "6.55E+06 2.26E+04
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"Ba-137m"6.19E+06 8.29E+04
"Ce-141 "0.00E+00 0.00E+00
"Pr-143 "0.00E+00 0.00E+00

"Ce-144 "7.56E+02
"Pr-144 "7.47E+02
“Pr-144m"9.07E+ 00

1.70E+00
1.87E+01
1.04E-02

"Pm-147 "2,45E+05 3.07E+02
"Pm-148 "0.00E+00 0.00E+00
“Pm-148m"0.00E4 ) 0.00E+00
“Sm-151 "8.92E+04 3.56E+01
"Eu-152 "4.67TE+02 7.21E+00

"Gd-153 "9.59E-05
"Fu-154 "5.30E+ 04
-155 "1.12E+04

2.95E-07
1.62E+03
277101

"“Tb-160 "2.29E-15 6.25 7

"H-3 "3.75E+02
"C-14 "3.62E-+02
"Fe-55 "9.64E+02
"Ni-59 "2.11E+01
"Co-60 "1.86E+03
“Ni-63 "2.30E+03
"Zr-93 "6.58E+00

4.30E-02
3.61E-01
1.10E-01
2.86E-03
9.76E+01
7.95E-01
2.59E-03

"Nb-93m "4.13E+00 2.53E-03
"Zr95 "1.31E-14 2.26E-16
“Nb-95 "2.91E-14 4.77E-16

"Nb-95m "9.73E-17
"In-113m"1.77E-07
"Sn-113 "1.77E-07
"Sn-119m"2.26E-01
"$n-121m"2.63E+01
"Sb-125 "5.96E+02
"Te-125m"1.45E+02
"U-234 "4.66E+02
"U-235 "1.77E+01
"U-236 "6.61E+01
"U-238 "3.80E+02
"Np-237 "3.02E+01
"Pu-238 "6.05E+04
"Pu-239 "1.32E+05
"Pu-240 "7.64E+04
"Pu-241 "3.42E+06
"Pu-242 "3.07E+01
"Am-241 "2.06E+05

4.39E-19
1.40E-09

1.00E-10

3.97E-04
9.41E-02
6.39E+00
4.18E-01
4.51E+01
1.64E+00
6.03E+00
3.23E+01
2.97E+00
6.73E+03
1.38E+04
7.98E+4-03
3.62E+02
3.05E+00
2.30E404

"Am-242m"1.14E+02 5.95E-01

"Am-242 "1.13E+02
"Am-243 "7.12E+01
"Cm-242 "9.40E+01
"Cm-244 "8.71E+02

3.22E+00
7.68E+00
1.16E+01
1.02E +02
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"150-K WEST charge data”

"Key" "Grade" "Fuel" "Pieces” "%Pu-240" "Uranium" "Mo" "Yr"

0962111 000 6.04 0.105599 12 99
0996411 000 6.18 0.01714 12 99
0996411 000 6.18 0.279918 12 99
09964 14 000 6.26 0.041696 12 99

099411 000 6.18 0.013785 12 99
0996411 000 6.18 0.003883 12 99

0996411 000 6.18 0.005486 12 99
09964 14 000 6.26 0.033371 12 99
099933 000 1C + 0.246594 12 99
099933 000 10.29 4.643864 12 99
¢ 331 000 10.29 3.572316 12 99
1000144 000 13.59 0.031624 12 99
1000144 000 13.59 0.031755 12 99
1000114 000 S5.61 0.013364 12 99
1000144 000 13.59 0.029833 12 99
1000144 000 13.59 0.723905 12 99
1000114 000 5.61 0.019654 12 99
1000114 000 5.61 0.02194 12 99
1000144 000 13.59 0.007474 12 99
10001 14 000 5.61 0.006289 12 99
1000144 000 13.59 0.014039 12 99
1020121 000 9.22 0.249793 12 99
1020121 000 9.22 0.490728 12 99
1020121 000 9.22 12.14053 12 99
1020121 000 9.22 1.236388 12 99
1025931 000 1035 0.736071 12 99
1025931 000 10.35 2.228769 12 99
1029421 000 9.8 19.0871 12 99

1029421 000 9.8 0.061858 12 99

1035031 000 10.65 0.011009 12 99
1035031 000 10.65 130869 12 99
1035031 000 10.65 13.58606 12 99
1035031 000 10.65 0.896723 12 99
10356031 000 10.65 0.005503 12 99
1038531 000 1042 0.011227 ! 99

1038531 000 10.42 7.494582 12 99
1045631 000 11.37 15.61247 12 99
1045631 000 11.37 0.958057 12 99
1060231 000 11 0.011238 12 99
1060231 000 11 13.86589 12 99
1060231 000 11.11 0.649808 12 99
1067931 000 11.76  0.163905 12 99
1067931 000 11.76 7.764973 12 99
1067931 000 11.76 3.558569 12 99
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1074231 000 12.77  0.007962 12 99
1074231 000 12.77  0.210765 12 99
1074231 000 12.77 3.650096 12 99
1074231 000 12,77  2.783527 12 99
1074231 000 12.77 0.005285 12 99
1077041 000 13.16  0.010359 12 99
1077041 000 13.16  6.159879 12 99
1077041 000 13.16  2.009749 12 99
1077041 000 13.16  0.005106 12 99
1083231 000 12.92 13.07947 12 99
1083231 000 12.92 3.696517 12 99
1098241 000 13.73 0.020983 12 99
1098241 000 13.73 0.023391 12 99
1098241 000 13.73 16.49613 12 99
1098241 000 13.73 0.694274 12 99
1098241 000 13.73 0.010547 12 99
1103641 000 13.6 7.613446 12 99
1110941 000 13.7 0.468068 12 99
1110941 000 13.7 14.63286 12 99
1110941 000 13.7 0.005275 12 99
1118341 000 - 13.31 0.022094 12 99
1118341 000 13.31 0.678594 12 99
1118341 000 13.31 9.361327 12 99
1118341 000 13.31 0.24688 12 99
1118341 000 13.31 0.010881 12 99
1137241 000 13.77 0.690168 12 99
1137241 000 13.77 18.57126 12 99
1137241 000 13.77 0.709699 12 99
1144941 000 13.45 0.105257 12 99
1144941t 000 13.45 18.58285 12 99
1144941 000 13.45 1.298701 12 99
1154041 000 13.26 12.48741 12 99
1180641 000 13.86  0.210315 12 99
1180641 000 13.86 19.23798 12 99
1180641 000 13.86 0.54114 12 99
1189741 000 144 0.023484 12 99
1189741 000 144 1.986457 12 99
1189741 000 144 17.69781 12 99
1189741 000 144 0.003856 12 99
1197941 000 14.27 0.007981 12 99
1197941 000 14.27 0.011234 12 99
1197941 000 14.27 0.010507 12 99
1197941 000 14.27 1.952108 12 99
1197941 000 14.27 14.49357 12 99
1197941 000 14.27 8.884854 12 99
1197941 000 14.27 0.010731 12 99
1212741 000 14.22 0.982493 12 99
1212741 000 14.22 13.32088 12 99
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1212741 000 14.22 1.483142 12 99
1220141 000 13.24  0.748323 12 99
1220141 000 1324 2437494 12 99
1228541 000 13.17 0.246182 12 99
1228541 000 13.17 19.5675 12 99
1248041 000 13.78 0.022173 12 99
1248041 000 13.78 19.43003 12 99
1256541 000 13.7 0.011092 12 99
1256541 000 13.7 25.24008 12 99
1263941 000 13.06 0.011095 12 99
1263941 000 13.06 23.608 12 99
1263941 000 13.06 0.005465 12 99
1282341 000 13.17 7.213609 12 99
1282341 000 13.17 0.63684 12 99
1286 41 000 13,01 10.86065 12 99
1285241 000 13.01 2.874132 12 99
1285244 000 13.42 0.047668 12 99
1285244 000 1342 66.60527 12 99
1285244 000 13.42 0.373472 12 99
1285244 000 13.42 0.022424 12 99
1294241 000 13.03 0.740693 12 99
1294241 000 13.03 17.44634 12 99
12904241 000 13.03 2.250894 12 99
1294234 000 12.1 0.374625 12 99
1204234 000 12.82 0.370306 12 99
1294234 000 12.82 0.557199 12 99
129423 4 000 (2.82 50.14236 12 99
1294234 000 12.82 1.471475 12 99
1301544 000 13.19  0.010524 12 99
1301534 000 12.13 0.374619 12 99
1301544 000 13.19  4.595128 12 99
130154 4 000 (3.19 36.66284 12 99
1301544 000 13.19 2.61431 12 99
1301544 000 13.19 0.004952 12 99
1301641 000 13.18 0.764476 12 99
1301641 000 13.18 19.61489 12 99
1301641 000 13.18 0.248292 12 99
1301641 000 13.18  0.005246 12 99
301641 000 13.18 0.015362 12 99
301734 000 11.39 L.131855 12 99

1301734 000 11.39 2542655 12 99
1301734 000 11.39 0.374331 12 99
1337131 000 1295 0.015909 12 99
1337131 000 12.95 0.245652 12 99
1337131 000 12.95 4.723547 12 99

37131 000 1295  0.010241 12 99
1337244 000 13.02 0.01496 12 99
1337244 000 13.02 3.176879 12 99
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14883 1 4 5.66 0.022262 12 99
15204 1 4 5.92 0.015919 12 99
15244 11 5.44 0.007949 12 99
1524411 000 544 001126 12 99

24411 000 544  0.042169 12 99
1524411 000 5.44  0.02338 12 99
1524411 000 544 0.132474 12 99
1524411 000 S5.44 0.124027 12 99
1524411 000 544  0.007481 12 99
1524411 000 5.44 0.004961 12 99
1524444 000 13.58 0.007019 12 99
1534711 000 6.16 0.007949 12 99
1534711 000 6.16 0.01169 12 99

1534711 000 6.16  0.083168 12 99

1337244 000 13.02 11.79194 12 99
1337244 000 13.02 4.333318 12 99
1337244 000 13.02 0.004961 12 99
1352444 000 13.13 4.10635 12 99
1352444 000 13.13 2.929691 12 99
1352444 000 13.13 25.97653 12 99
1352444 000 13.13 4.639363 12 99
1352541 000 13.52 1.219785 12 99
1352541 000 13.52 16.37086 12 99
1364831 000 11.67 0.032575 12 99
1365041 000 13.41 1.438302 12 99
1365041 000 13.41 12.42106 12 99
1365041 000 13.41 2.724184 12 99
1368631 000 12.41 0.023387 12 99
1368631 000 12.41 17.62132 12 99
1368631 000 12.41 0.247753 12 99
1372411 000 5.99 0.015523 12 99
1385834 000 12,01 0.374632 12 99
1385834 000 12.04 3.127837 12 99
1385834 000 12.04 48353 12 99
1385834 000 12.04 1.011267 12 99
1385834 000 12.04 0.004955 12 99
1385931 000 12.28 0.007927 12 99
1385931 000 12.28 0.011657 12 99
1385931 000 1228 25.87721 12 99
1385931 000 12.28 3.751426 12 99
1385931 000 12.28 0.005246 12 99
1405514 000 2.39 0.327945 12 99
1406514 000 5.67 0.015902 12 99
1406514 000 5.67 0.071951 12 99
1406514 000 5.67 0.00446 12 99
06514 000 5.67 0.024244 12 99
1406514 000 567 0.007021 12 99
1444814 000 599 0.012272 12 99

000

000

000
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1534711 000 6.16  0.031137 12 99
1534711 000 6.16 0.010645 12 99
1544511 000 5.23 1.297919 12 99
1544511 000 5.23 0.669493 12 99
1544811 000 4.54 0.008002 12 99
1544811 000 4.54 0.015812 12 99
1544811 000 4.54 0.003766 12 99
1544811 000 454  0.005327 12 99
1545111 000 5.31 0.46584 12 99
1545711 000 2.85 0.033293 12 99
1545911 000 4.06 25.28046 12 99
1545911 000 4.06 8.661046 12 99
1546011 000 3.32 2.097296 12 99
1555511 000 4 0.008002 12 99

1555511 000 4 0.01132 . 99

1154044 000 16.49 0.031623 12 99
1154044 000 16.49 6.873061 12 99
1154044 000 16.49 0.984106 12 99
1154044 000 13.73 0.009902 12 99
1154044 000 16.49 3.241216 12 99
1154044 000 16.49  0.456485 12 99
1256544 000 16.72 6.674973 12 99
12565 4 4 00 16.72  0.175589 12 99
1285244 000 16.62 4.201198 12 99
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"06/02/1997 RADNUC2A run for K-WEST "
" Results decayed to 05/31/1998 "

“Total MTU " 953.1

" Total Curies * 2.77E+07

“Total BTU " 2.74E+05

“Isotope” "Curies” "BTUs"

"H-3 "1.83E+04 2.09E+00
"C-14 "1,17E02 1.16E-05
"Se-79 "4.28E+01 4.50E-02
"Kr-85 "3.06E+05 1.57E+03
"Sr-89 "0.00E+00 0.00E+00
"Sr-90 "S.17E+06 2.0! +04
"Y "S.1TE+06 9.76E+04
"Y91 "4. _ . 5.46E-17
"Zr-93 "1.94E+02 7.60E-02
“Nb-93m "1.18E+02 7.20E-02
"Zr-95 "3.27E-13 5.62E-15
"Nb-95 "7.26E-13 1.19E-14
"Nb-95m "2.43E-15 1.09E-17
"Tc-99 "1.43E+03 2.45E+00
"Ru-103 "0.00E+00 0.00E+00
"Rh-103m"0.00E+00 0.00E+00
"Ru-106 "4.34E+02 8.81E-02
"Rh-106 “4.34E+02 1.41E+01
"Pd-107 "7.68E+00 1.44E-03
"Ag-110 "5.66E-05 1.45E-09
“Ag-110m"4.26E-03 2.41E-4
"Cd-113m"1.75E+03 6.56E+00
"C 115m"0.00E+00 0.00E+00
"Sn-119m"4.15E-03  7.29E-06
"Sn-121m"1.31E+01  4.70E-02
"Sn-123 "2.75E-06 2.93E-08
"Te-123m"4.28E-12  2.12E-14
"Sb-124 "S 45E-19  2.46E-20
"Sb-125 "1.,60E+04 1,72E+02
"Te-125m"3,91E+03 1.12E+01
"Sn-126 "7.50E+01 7.86E-02
"Sb-126 "1.0SE+01 6.49E-01
"Sb-126m"7.50E+01 3.2BE+00
"Te-127 "1.59E07 7.31E-10
"Te-127m"1.62E-07 2.74E-10
"Te-129 "0.00E+00 0.00E+00
" +-129m"0.00E+00 0.00E+00
"1-129 "3.11E+00 4.98E-03
“Cs-134 "8.96E+03 3.12E+02
"Cs-135 "3.79E+01 4.32E-02
"Cs-137 "6.64E+06 2.29E+04
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"Ba-137m"6.28E4+06 8.41E+04
"Ce-141 "0.00E+00 0.00E+00
"Pr-143 "0.00E+00 0.00E+00
“Ce-144 "1.58E+_._ 3.56E-01
"Pr-144 "1.56E+02 3.91E+00
"Pr-144m"1.90E+00 2.18E-03
"Pm-147 "2.17E4+05 2.72E+02
"Pm-148 "0.00E+00 0.00E+00
“Pm-148m"0.00E+00 0.00E+00
"Sm-151 "8.66E+04 3.46E+01
"Eu-152 "4, 77TE+02 7.36E+00

"Gd-153 "3.23E-05 9.92E-08

"Eu-154 "5.44E+04
“Eu-155 "1.08E+04
"Tb-160 "4.77E-16

1.67E+03
2.68E+01

1.30E-17

"H-3 "3.49E+02 4.00E-02

"C-14 "3.31E+02
"Fe-55 "8.7SE+02
"Ni-59 "1.99E+01
"Co-60 "2.10E+03
"Ni-63 "2.19E+03
"Zr-93 "6.65E+00

3.30E-01
9.95E-02
2.65E-03
1.10E+02
7.54E-01
2.61E-03

“Nb-93m "4.04E+00 2.47E-03
"Zr-95 "3.23E-15 5.57E-17

"Nb-95 "7.18E-15
"Nb-95m "2.40E-17

1.17E-16

1.08E-19

"In-113m"3.74E-08  2.95E-10
"Sn-113 "3.74E-08 2.12E-11

"Sn-119m"4.33E-02
"Sn-121m"2.64E +01
"Sb-125 "5.91E+02
"Te-125m"1.44E +02
"U-234 "4.08E+02
"U-235 "1.60E+01
"U-236 "6.1.. +01
"U-238 "3.16E+02
"Np-237 "2.70E+01
“Pu-238 "5.10E+04
"Py-239 "1.19E+05
"Pu-240 "6.77E+04
"Pu-241 "3.26E+06
"Pu-242 "2.42E+01
"Am-241 "1.69E+05

"Am-242m"8.19E+01

"Am-242 "8.15E+01
"Am-243 "4 E+01
"Cm-242 "6.76E+01
"Cm-244 "5.72E+02

7.62E-05
9.48E-02
6.33E+ 060
4,14E-01
3.94E+01
1.48E+00
5.57E+400
2.68E+01
2.66E+00
5.68E+03
1.24E+04
7.07E+03
3.45E+02
2.40E+00
1.89E+04
4.28E-01
2.31E+00
5.27E+00
8.35E+00
6.71E+01
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"06/02/1997 RADNUC2A run for shielding basis "
* Results decayed to 05/31/1998 "

" Total MTU " 2.6

" Total Curies * 1.32E+05

“Total E._ " 1.21E+03

"Isotope""Curies” “BTUs"

"H3 "1.02E+02 1.17E02
"C-14 "4.45E-05 4.44E-08
“Se-79 "1.62E-01 1.71E-04
"Kr-85 "1.62E+03 8.2 Q0
"Sr-89 "0.00E+00 0.00E+00
"Sr90 “2.13E+04 8.43E+01
"Y-90 "2.13E+04 4.02E+02
"Y-91 "0.00E+00 0.00E+00
"Zr-93 "7.10E-01 2.79E-04
"Nb-93m "3.47E-01 2.12E-04
"Zr-95 "1.08E-17 1.86E-19
"Nb-95 "2.40E-17 3.93E-19
"Nb-95m "8.03E-20 3.62E-22
"Tc-99 "5.42E+00 9.28E-03
“Ru )3 “0.00E+00 * 0.00E+00
"Rh-103m"0.00E+00 0.00E+00
"Ru-106 "2.44E+01 4.96E-03
"Rh-106 "2.44E+01 7.96E-01
"Pd-107 “3.75E-02 7.05E-06
"Ag-110 "1.08E-05 2.76E-10
"Ag-110m"8.11E-04 4.60E-05
"Cd-113m"1.03E+01 3.86E-02
"Cd-115m"0.00E+00 0.00E+00
“Sn-119m"1.28E-04  2.25E-07
"Sn-121m  39E-02 2.29E-4
“Sn-123 "1.06E-08 1.12E-10
"Te-123m"3.10E-13  1.53E-15
"Sb-124 "0.00E+00 0.00E+00
"Sb-125 "2.48E+02 2.65E+00
"Te-125m"6.04E+01 1,74E-01
"Sn-126 “3.18E-01 3.33E-04
"Sb-126 "4.45E-02 2.75E-03
"Sb-126m"3.18E-01  1.39E-02
“Te-127 "3.02E-10 1.39E-12
"Te-127m"3.09E-10  5.22E-13
"Te-129 "0.00E+00 0.00E+00
"Te-129m"0.00E+00 0.00E+00
"I-129 "1.27E-02 2.03E-05
“Cs-134 "2, 79E+02 9.72E+00
"Cs-135 "1.50E-01 1.71E-04
"Cs-137 "2.93E+04 1.01E+02
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“Ba-13Tm"2.77E+04 3.71E+02
"Ce-141 "0.00E+00 0.00E+00
"Pr 13 "0.00E+(  0.00E+00
"Ce-144 "4.55E+00 1.02E-02
"Pr-144 "4.49E+00 1.12E-0l
"Pr-144m"5.45E-02  6.26E-05
"Pm-147 "2.7SE+03 3.44E+00
"Pm-148 "0.00E+00 0.00E+00
"Pm-148m"0.00E+00 0.00E+00
‘Sm-151 "2.80E+02 1.12E-01
"Eu-152 "3.16E+00 4.88E-02
"Gd-153 1.0 05 3.177 08
“Eu-154 "5.24E+02 1.61E+01
"7 -155 "8.90E +( 2.20E-01
"Tb-160 "5.78E-19 1.58E-20
"H-3 "2.89E+00 3.32E-04
"C-14 "1.37TE+00 1.37E-03
“Fe-55 "1.36E+01 1.55E-03
“} 59 "7.88E-02 1.07E-05
“Co-60 "1.63E+01 8.55E-01
“Ni-63 "9.19E+00 3.17E-03
"Zr-93 "2.49E-02 9.76E-06
"Nb-93m "1.21E-02 7.40E-06
"Zr-95 "1.17E-19 2.02E-21
"Nb-95 “2.61E-19 4.26E-21
“Nb-95m "8.71E-22  3.92E-24
"In-113m"6.74E-11  5.31E-13
“Sn-113 "6.73E-11  3.82E-14
“Sn-119m"1.08E-03  1.91E-06
“Sn-121m"1.10E-01  3.95E-04
“Sb-125 "8.13E+00 8.72E-02
"Te-125m"™1.98E+ 5.71E-03
“U-234 "1.02E+00 9.83E-02
“U-235 "3.40E-02 3.14E-03
"U-236 "1.85E-01 1.68E-02
"U-238 "8.71E-01 7.41E-02
"Np-237 "1.15E-01 1.1, 02
"Pu-238 "3.32E+02 3.69E+01
"Pu-239 "4.38E+02 4.56E+01
"Pu-240 "3.32E+02 3.46E+01
"Pu-241 "2.45E+04 2.59E+00
"Pu-242 "1.94E-01 1.92E(2
"Am-241 "7.58E+02 8.49E+01
"Am-242m"8.34E-01  4.36E-03
"Am-242 "8.30E-01 2.36E-02
"Am-243 "5.77E-01 6.23E-02
“Cm-242 "6.89E-01 B.51E-02
"Cm-244 "1.20E +( 1.41E+00
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"105-K Basins Maximum Pu-240 charge data safety/regulatory assessment basis"

"Key" "Grade" "Fuel” "Pieces" "%Pu-240" "Uranium" "Mo" "Yr"

1256544 000 16.72 6.674973 12 99
1256544 000 16.72 0.175589 12 99
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"Ba-137Tm"1.06E+05 1.42E+03
"Ce-141' 00E+00 0.00E+00
"Pr-143 " XE+00 0.00E+00
"Ce-144 "9.18E-03  2.07E-05
"Pr-144 "9.07E-03 2.27E-4
"Pr-144m”1.10E-04  1.26E-07
“Pm-147 "1.27E+03 1.59E+00
"Pm-148 "0.00E+00 0.00E+00
"Pm-148m"0.00E+00 0.00E+00
"Sm-151 "1.18E+03 4.71E-01
"Eu-152 “9.80E+00 1.51E-01
"Gd-153 "6.02E-09 1.85E-11
"Eu-154 31E+03 4.00E+01
"Eu-155 23E+02 3.03E-01
“Tb-160 OQ0E-+00 0.00E+00
"H-3 "8.78E+00 1.01E-03
"C-14 "6.42E+00 6.40E-03
"Fe-55 "6.28E+00 7.14E-04
"Ni-59 "3.69E-01 5.00E-05
"Co-60 "2.43E+01 1.2BE+00
"Ni-63 "4.03E+01 1.39E-02
"Zr-93 "1.17E-01 4.58E-05
"Nb-93m "7.61E-02  4.65E-05
"Zr95 " JE+00 0.00E+00
"Nb-95 "0.00E+00 0.00E+00
"Nb-95m "0.00E+00 0.00E+00
"In-113m"1.58E-18  1.24E-20
“Sn-113 "1.58E-18  8.93E-22
"Sn-119m"6.37E-07 1.12E-09
“Sn-121m  LSTE-01  1.64E-03
“Sb-125 "4.32E+00 4.64E-02
“Te !5n .0SE+00 3.03E-03
"U-234 46E+00 4.31E-01
"U-235 47E-0!  1.36E-02
"U-236 "8.31E-01 7.58E-02
"U-238 "3.84E+00 3.26E-01
"Np-237 "5.40E-01 5.31E-02
"Pu-238 “1.54E+03 1.72E+02
"Pu-239 "2.01E+03 2.09E+02
"Pu-240 "1.59E+03 1.66E+02
"Pu-241 "7.91E+04 8.37E+00
"Pu-242 "1.01E+00 1.01E-01
"Am-2« "5.03E+03 S.63E+02
"Am-242m"4.32F 0 2.26E-02
"Am-242 "4.30E+00 1.22E-01
"Am-243 "3.23E+00 3.49E-01
"Cm-242 "3.57E+00 4.41E-01
“Cm-244 "5.19E +( 6.09E+00
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"06/04/1997 RADNUC2A run for safety basis fuel (40 "
" Results deca: | to 05/31/2038 "

" Total MTU " 6.9

" Total Curies " 1.13E+05

“TotalL.. " 1.72E+03

“Isotope” "Curies™ "BTUs"

“H-3 "2.22E+01 2.54E-03
"C-14 "1.26E-04 1.26E-07
“Se-79 "4.61E-01 4.85E-04
"Kr-85 "2.35E+02 1.20E+00
"Sr-89 "0.00E+00 0.00E+00
"Sr-90 "2.01E+04 7.96E+01
"Y-90 “2.01F 3.80E+02
“Y I "0.001 0.00 +00
"Zr-93 "2.01E+00 7.89E-04
"Nb-93m "1.82E+00 1.11E-03
"Zr-95 "0.00E+00 0.00E+00
"Nb-95 "0.00E+00 0.00E+00
"Nb-95m "0.00E+00 0.00E+00
"Tc-99 “1.54E+01 2.64E-02
"Ru-103 "0.00E+00 0.00E+00
"Rh-103m"0.00E+00 0.00E+00
"Ru-106 "1.42E-12 2.88E-16
"Rh-106 "1.42E-12 4.62E-14
"Pd-107 "1.11E-01  2.09E-05
"Ag-110 "0.00E+00 0.00E+00
"Ag-110m"0.00E+00 0.00E+00
"Cd-113m"3.36E+00 1.26E-02
"Cd-115m"0.00E+00 0.00E+00
"Sn-119m*0.00E+00 0.00E+00
"Sn-121m"9.90E-02  3.55E-04
“Sn-123 "0.00E+00 0.00E+00
"Te-123m"0.00E+00 0.00E+00
"Sb-124 "0.00E+00 0.00E+00
"Sb-125 "7.33E-03  7.85E-05
"Te-125m"1.79E-03  5.14E-06
"Sn-126 “9.16E-01 9.60E-04
"Sb-126 "1.28E-01 7.92E-03
"Sb-126m"9.16E-01 4.00E-02
"Te-127 "0.00E+00 0.00E+00
"Te-127m"0.00E + 0.00E+00
"Te-129 "0.00E+00 0.00E+00
"Te-129m"0.00E+00 0.00E+00
"1-129 "3.65E-02 5.83E-05
"Cs-134 "1.74E-04 6.07E-06
“Cs-135 "4.27E-01 4.87E-04
"Cs-137 "2.89E+04 9.96E+01
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"Ba-137m"2.73E+04 3.66E+02
"Ce-141 "0.00 00 0.C0E+00
"Pr-143 "0.00E+00 0.0 +00
"Ce-144 "0.00E+00 0.00E+00
"Pr-144 "0.00E 0.00E+00
"Pr-144m"0.00E+00 0.00E+00
"Pm-147 "4.12E-02 5.16E-05
"Pm-148 "0.00E+00 0.00E+00
"Pm-148m"0.00E+00 0.00E+00
“Sm-151 "5.29E+02 2.11E-01
"Eu-152 "9.09E-01 1.40E-02
*Gd-153 "0.00E+00 0.00E+00
"Fu-154 "4.09E+01 1.25E+00
-155 "4, 10E-01 1.01E-03
"Tb-160 "0.00f W 0.00I X
"H-3 "6.79E-01 7.78E-05
"C-14 "3.89E+00 3.88E-03
"Fe-55 "1.88E-04 2.14E-08
"Ni-59 "2.24E-01 3.04E-05
"Co-60 "1.11E-01 5.82E-03
"Ni-63 "1.85E+01 6.39E-03
"Zr-93 "7.10E-02 2.79E-05
“Nb-93m "6.43E02 3.93E-05
"Zr-95 "0.00E+00 0.00E+00
"Nb-95 "0.00E+00 0.00E+00
"Nb-95m "0.00E+C0 0.00E+00
"In-113m"0.00E+00 0.00E+00
"Sn-113 "0.00E+00 0.00E+00
"Sn-119m"0.00E+00 0.00E+00
"Sn-121m"1.66E-01 5.96E-04
"Sb-125 "2.38E-04 2.55E-06
“Te-125m"5.81E-05 1.67E-07
“U-234 "2.63E+00 2.54E-01
"U-235 "8.61E-02 7.96E-03
"U-236 "4.96E-01 4.53E-02
"U-238 "2.27E+00 1.93E-01
"Np-237 "3.29E01 3.23E-02
"Pu-238 "7.20E+02 8.01E+01
"Pu-239 "1.,21E+03 1.26E+02
"Pu-240 "9.75E+02 1.02E+02
"Pu-241 "8.22E+03 8.69E-01
"Pu-242 "6.48E-01 6.4 02
"Am-241 "4.26E+03 4.77TE+(02
"Am-242m"2.37E+00 1.24E-02
"Am-242 "2.36E+00 6.70E-02
"Am-243 "2 JE+00 2.30E-01
"Cm-242 "1.96E+00 2.42E-01
"Cm-244 "8.55E+00 1.00E+00
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ENABLING ASSUMI ..JNS

The following is a list of the assumptions that were made to enable the developme of this document.
This list indicates the limitations of the data that have been developed. A projecte nethod of
validation is presented for each assumption. It is anticipated that a decision will b  1ade on the need
to validate each assumption, comparing the cost of validation with the uncertainty ociated with
retaining the assumption invalidated.

® Nuclear Accountability Database

The assumption is that the database is an accurate reflection of the fuel th: ; stored in the K
Basins. There are at least two such databases: the one used here, and another kn n as
Reconstructed SCATS which was developed in paraliel with the Nuclear Account: ity database.
-.1e Reconstructed SCATS ~ abase was used in the development of the safety an: is which was
done totally independently of the feed basis. The results of feed developmentint  document are
within about 10% of those presented in the safety documentation for '*’Cs and !/  two important
isotopes for shielding and safety basis calculations.

The Nuclear Accountability database was used because it represents the of  al accepted
numbers for tracking special nuclear materials. Because the Nuclear Accountabili  1ata contains the
official plutonium inventory for the Hanford site, the plutonium isotopes reported =~ tables 2.2, 2.4,
3.5, 3.6, and 3.7 come directly from the database (WHC 1996).

For the purpose of this development, the most important aspects of the da  1se are: the type
of fuel (Mark 1A or Mark IV); the date irradiation of the fuel ended, listed here z  key date (date
of discharge from the reactor); the percentage **Pu in the fuel; and the mass of w  um in the fuel.
Validation of the database, for these factors, could be obtained by direct measurer t of the
beta/gamma energy levels emitted by the fuel and the use those energies to estima( "~ :oncentrations of
particular nuclides. With knowledge of the nuclide concentrations in the fuel, tim ince discharge
and *°Pu content could be estimated accurately. The mass of uranium, at least for 1e undamaged
elements, could be obtained by weighing the fuel, and then adjusting the weight to :count for the
cladding, fission, activation, and actin - products. This activity would be difficul nd costly.

® ORIGEN2

The assumption is that ORIGEN2 accurately predicts fission, activation, ar. actinide products
in irradiated N-Reactor fuel, when correct input information is used. There is rea | to suspect that
some impurities in the fuel were inadequately defined, and that activation products >m those
impurities may become important for shielding and/or safety basis definition,

The ®Co amounts were specifically changed in RADNUC from those pred  =d in ORIGEN2
because of higher than expected “Co concentrations in tank waste samples. It isi ortant to note
that radionuclides in the tank waste originated in irradiated N Reactor fuel process at the PUREX
Plant. Subsequent samples showed somewhat lower cobalt concentrations, and RA ~NUC was
changed to reflect these lower numbers. In the development work done here, the o concentrations
as predicted by RADNUC produced about half the dose rates resulting from the '  and therefore
shielding basis is derived by cesium, and not cobalt. For the present the shielding sign basis should
be as listed here,
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Another potentially important isotope is “C which results from the activai
the fuel or cladding, and as a fission product. Activation of nitrogen produces or
more “C than fission.

As inthe : of cobalt, the *C amounts in RADNUC were changed to reflect hi
concentrat  ; in tank waste samples,

Validation of ORIGEN2 for N Reactor would need to be done by analysis
meaningful sampling of irradiated N Reactor fuels. The analysis results would ne
with QRIGEN2 predictions.

Levels of activation products in the fuel and cladding will depend on imp
unirradiated fuel. Since the fuel was fabricated using many different shipments o
zircaloy 2, it is >ssible that impurity levels varied significantly over time.

® RADNI

The assumption is that RADNUC accurately predicts nuclide concentratiol
fuel. RADNUC was originally written to predict nuclides in tank waste. The nu
however, originated in the irradiated fuel. Therefore, RADNUC was written to d
activation, and actinide products in the fuel. As originally written, RADNUC ga
option of removing some of the actinides and fission products to simulate processi
PUREX and other facilitiess. RADNUC was recently changed to allow the user tc
waste in the case of fuel, no nuclides are removed.

RADNUC uses ORIGEN? runs for Mark 1A and Mark IV N Re or fuel
estimating radionuclide amounts. Output from ORIGEN2 runs for 6%, 9%, 12%
included in the RADNUC code. It is important to note that although the runs are
9%, '%,and 1% “Pu runs, ORIGEN2 input files only include burnup inform:
iterated to arrive at the desired *’Pu content. In the case of the "16% *’Pu” run |
content is only slightly over 15% at discharge and actually drops below 15% at 1Z
discharge. This apparent weakness in the available ORIGEN2 runs was factored i
code however, and should not present problem in the predictions.

RADNUC reads the %*Pu content from the input data file and interpolat
per MTU content from the 2 nearest ORIGEN2 runs. For **Py contents between
direct linear interpolation scheme is used, for *’Pu contents between 6% and 15%
content is interpolated, and for *Pu contents above 15%, the log of the *’Pu con
extrapolate the nuclides. Each of the 88 isotopes are interpolated or extrapolated 1
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input data file. Each of the nuclides are summed to arrive at total for each of the vv .ur the entire
data file. For fission and activation products, the concentration of nuclides in the fuel is nearly linear

with *°Pu content, and therefore should be predicted well by RADNUC. Actinid
linear, and therefore accurate prediction by interpolation is limited to the range wi
available data. Fortunately, the maximum **Pu content is only slightly above 16

R/ 'NUC has been validated by comparison with ORIGEN2 runs for ider
fuels. This validation was performed and documented as part of the changes to th

wre somewhat less
covered by the

al **Py content
YADNUC code.
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® Fuel vs Sludge

The assum  on is that all the fuel in the K Basins is intact, and contains 2 of the nuclides
within its cladding. In fact this assumption is not correct, much of the fuel in the sins has
damaged, and in some cases severely damaged, cladding which has allowed the w ium to corrode
and release fission, activation, and actinide products into the surrounding basin as ~‘ther gases,
soluble materials, or solids (sludge). Some of this material (*Kr and *H) has beer eleased to the
environment, and some has been removed from the basin water in the treatment sy ..ems (filtration
and ion exchange). It is difficult to account for the exact origin of the radionuclic in the basin
sludge, filtration systems, ion exchange columns, and other basin systems because ' the long history
of fuel storage in the basins.

Extensive analyses would be required to determine the origin of radionucl s in: sludge or
other basin systems; ion exchange columns; or environmental releases. These anz | ies are not
recommended because of the high cost and small likelihood that any such results v —1ld cause
significant changes to fuel storage or treatment systems. A conservative approach  to assume that
the radionuclides in basin sludge, basin water systems, and any which may have b a released to the
environment, originated in fuel not currently stored in the basins. At the same tir the most
conservative assumption is that all nuclides which originated in the fuel currently | storage remain
with the fuel.
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The Safety egulatory assessment basis was selected by estimating a relaf
commitment to people resulting from an accidental release. The dose rates were
“Internal Dose Coi rsion Factors for Calculation of Dose to the Public" (DOE
includes tables for radionuclides. The tables give the dose rate per unit intake of
ingestion and inhalation pathways to various organs and a total dose known as a ¢
dose equivalent or CEDE.

For a release of irradiated fuel, the total dose to people per unit mass rele
by only a few nuclides. The dose results from a product of the activity/unit mass
CEDE (REM/unit activity). *'Am, with a CEDE of 520 rem/uCi for the inhalat
total of 315,000 Ci in the K Basins, results in the largest potential dose from a si
release. Plutonium isotopes, with CEDE’s of 330 rem/uCi for *Pu and *Pu; 32
Z¢Pu; and 5.7 rem/uCi for *'Pu, and totals of 225,000 Ci of ®°Pu, 130,000 Ci ?
Z 4, and 7,380,000 Ci *'Pu in the K Basins, also result in significant potential
to *'Am. *Sr, with a CEDE of 1.3 rem/uCi, and a total of 10,500,000 Ci in the
results in a significant potential dose in comparison with **Am. “Cs, the isotope
activity (13,500,000 Ci in the K Basins), and with a CEDE of 0.032 rem/uCi resi
2.5 orders of magnitude less than the ' Am. The dose resulting from other nuclic
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negligible in comparison to those above because of their lower abundance and sma.cr CEDE.

The fuel in the K basins containing the mix of these isotopes per unit mas
largest potential dose consequence is used to es lish a safety envelope. *'Am w
approximately 433 years results in the fuel primarily from the decay of “'Pu. Be
difference in half lives, *'Pu has a half life of approximately 14 years, the concer
the I increases for approximately 60 years following discharge from the reacto:
concentrations are increasing in both single pass and N Reactor fuels, The most |

isotopes from a safety/regulatory assessment standpoint are *’Pu and **Pu with ha'"

| 6,560 years respectively. Over a fifty year life, the concentrations of ?Pu an
change appreciably in the fuel. The concentrations of ®Sr, *'Cs, * 1, and *'Pu
significantly over a fifty year facility life.

Two factors are important in determining which fu to use in determining
safety/regulatory assessment design basis: burn-up, and time since discharge from
safety/regulatory assessment basis should be the highest burn-up fuel in the basins.
discharge is also an important factor. As a first guess, the highest burn-up fuel N
(16.72% *Pu Mk ] fuel discharged from N Reactor 2/20/1995) is used as a star
determination. Tables F.1 and F.2 show the concentrations of the safety basis nuc
1/1/1995, and 1/1/2015 respectively.

Tables F.3 and F.4 are 16.49% *Pu fuel discharged from N Reactor on May 1, 1

single Pass reactor 1 with 26% *Pu content.  ite that the dose equivalent for
N reactor fuel and for SPR fuel is lower than for the 16.72 %Py fuel in all cases
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