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Power History for Both Single-Pass and N Reactors. 
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Table 2. Comparison of RHO (1985) values to ORIGEN2. The RHO (1985) report 
is the supporting document for the Hanford Defense Waste Environmental Impact 
Statement (HDW-EIS). 
1971 to effect a more direct comparison. All values are given in curies 
decayed to the end of 1990. 

The ORIGEN2 values represent production only through 
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PU 0.05 21 .o 
Am 0.06 6.0 

Sn 59.0 

Th 59.0 

Pb 59.0 

3.1 EXPECTATIONS FROH THE PRETREATMENT 

The tank wastes will undergo pretreatment to separate the wastes into 
low-level and high-level components prior to vitrification. This includes a 
sludge wash and other processing steps. 
reductions in the low-level waste stream are taken from (Boldt 1994) and are 
also included in Table 3. 
cesium, strontium, uranium, .plutonium, and americium. Large reductions are 
also expected for neptunium and iodine but not currently technetium. 

Current estimates for these 

The largest reduction factors are for carbon, 

3.2 EXPECTATIONS FROH CONTAMINANT IN THE SOIL 

The transport of emplaced waste to a potential drinking water site is a 
significant contributor to estimated health consequences. The drinking water 
dose was thus selected as one basis for ranking the important radionuclides. 
Although there are multiple mechanisms that may impede contaminant transport, 
chemical retardation in the soil can be very significant and is used here to 
represent a waste reduction factor in going from the emplaced waste to the 
concentration in drinking water. 
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Table 4. Relative Rankings for Drinking Water Consequences. 

For typical Hanford conditions (see Appendix B) the travel time is long, 
even for unretarded radionuclides, so that even mild retardation greatly 
reduces the ranking. 
travel time, t,, is increased by the retardation factor, R,. 
parameters given in Appendix B, the unretarded travel time is about 6000 y, 
and R, is given by 

Compared to the unretarded travel time, the retarded 
For the 

R, = 1+14kd . 

Thus, even a k, as small as one implies a travel time near 90,000 y. 

nuclides such as 239Pu, 240Pu, and 
Neptunium is of particular interest since it may only be weakly retarded. 

Table 5 shows the results if Setardation is neglected. Long-lived 
7Np now move to the top of the list. 
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previous attention include the uranium daughter products, '3'Pa and 2'7Ac. 
Although their immediate parent ='Th (see Figure 2) is retarded, it is not an 
effective bar ier because of its short 26 half-life. The expected retardation 
of "'Pa and F27Ac needs to be confirmed. 

Although it is not dominant here, the current ORIGEN2 model did not include a 
significant amount of 233U generation from thoria irradiations. Becau2g;hey 
are more difficult to calculate, two other uranium isotopes, 84U and 
also merit further investigation. 

uncertain, and the current 
consistent with estimates from previous studies that have examined this 
problem in more detail. 
likely because of the 99% reduction credited in pretreatment. 

Another nuclide in the list that merits additional study is 233U. 

, 

The ranking of 14C is qltificially low. The calculation of 14C is 
C value should be adjusted upward to be more 

However, it still would not be highly ranked, most 

4 . 2  RETARDATION AND LONG-TERN RADIOACTIVE DECAY 

In most cases, application of the waste reduction factors is independent 
of the production and decay calculations carried out in ORIGENZ. 
exception, noted earlier, is for the reprocessing separations that occur at an 
early time. 

These 
include, among others, ='Pa and "?AC, which are daughters of 235U noted 
earlier. An artifact of applying the soil reduction factors at long times 
after the uranium isotopes have partially decayed is to increase the rank the 
corresponding daughters. For this reason, the ORIGENZ calculation was 
modified to explicitly include the uranium pretreatment reduction factor shown 
in Table 3. To retain the simplicity of the ORIGENZ run to the extent 
possible, all other reductions were treated as discussed. 

An 

Another exception is f o r  the long-lived uranium daughters. 

4.2 INTRUDER 

As for the drinking water consequence, the intruder consequence, denoted 
by Q,, is determined by multiplying the activity A, computed by ORIGENZ, by 
the corresponding waste tank reduction factor rT, the pretreatment reduction 
factor, rG, and by the specific intruder dose conversion factor, f,: 

Q I  = f*rgdS 

For the intruder consequences, no credit is taken for retardation in the 
soil. The conversion factors, f,, are taken from (Rittman 1983) whose values 
are based on internal dose conversion factors taken from (DOE 1988). The 
results are shown in Table 6 for both 100 y and 500 y decay times. 
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Figure 2. Actinide Decay Chain. 
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Table 6. Relative Rankings for Intruder Consequences. 
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Pm-146 

Pa-233 (Np-237) 

Np-238 (Am-242m) 

Am-241 

0.376E+Ol 0.329E-01 

O.lllE+03 0.262E-01 

0.542€+00 0.17ZE-01 

0.189E*02 0.473E-02 

The rank o f  most nuclides is not especially sensitive to the shield type. 
Some, however, such as 24'Am with its relatively low-energy photon's would be 
ranked higher for the thinner iron shield. Caution must be exercised in 
interpreting these results since they are based solely on the photons of the 
identified radionuclide. 
short-1 ived daughter of 13'Cs. (Parents of short-1 ived nuclides are noted in 
parenthesis in Table 7.) 
also on the list, its ranking is underestimated because of neglected 
bremstrahhl ung radiation. 

activation product difficult to estimate, and could be seriously in error. 
Note finally that "Kr is a noble gas. 

The top ranked entry 13'"'Ba is, for example, the 

Also, while 90Y (the short-lived daughter of 90Sr) i s  

Two europium isotopes show up prominently as does 6oCo. The latter is an 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

The motivation for the current effort was to provide a basis for ranking 
Starting contaminants important to a low-level waste performance assessment. 

from a new calculation of total radionuclide production, independent results 
were obtained with a clearly documented basis. 
been based on TRAC or closely related work which focused more on transaction 
processing and individual tank inventories, 

Most previous studies have 
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By focusing on global inventories, the current work should provide an 
excellent constraint on ongoing work that seeks to evaluate more detailed tank 
and process inventories. 
other phases of the cleanup program including high-level waste, plant design, 
and database activities. 

Thus, the methods and results are applicable to 

In general, the results support previous studies of important 
radionuclides such as 99Tc, "'1, and others. Radionuclides such as 15'Eu 
important to plant design are also identified. 

Several reas were found that need further consideration. A better 
estimate of prgquction is required as well as for the minor uranium 
isotopes, ='U and U. 
established, further work is needed here, both in its production and its 
subsequent processing. 

Based on the intruder scenario, the reduction, if any, of 12%n in the 
low-level waste stream needs to be established. The intruder results also 
place increased emphasis on the "9Pu and "'Am estimates. 

Unless the retardation of 237Np can be better 
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Appendix A ORIGEN2 Input Runstream 
92 1 0.995 
94 1 0.99 
92 10 0.06 

-1 
-1 
-1 
T I T  
L I P  
RDA 
RDA 
LW 
LIB 
ROA 
RDA 
INP 
RDA 
I NP 
RDA 
IWP 
RDA 
I NP 
RDA 
INP 
RDA 
RDA 
RDA 
BAS 
nov 
RDA 
ADD 
RDA 
ADD 
RDA 
RDA 
ROA 
RDA 
ROA 
BUP 
I RP 
BUP 
ROA 
RDA 
OEC 
PRO 
mv 
nov 
RDA 
RDA 
RDA 
W J  
DEC 
RDA 
ADD 
DEC 
ADO 
DEC 
ADD 
DEC 
ADD 
OEC 
ADD 
DEC 
ADO 
RDA 
RDA 
RDA 
DEC 
RDA 
RDA 
nov 
RDA 
RDA 

Conposite Hanford Radiomvlidc P r h t i o n  
0 0 0  
 ASS^ MK I V  I m r  cross sec t ims 
Increase U235 Sigf t o  100.0 barns 
922350 -1 
0 1 2 3 411 -412 413 9 3 0 1 0 

1 Metric ton Natura l  uraniun 
-1 1 -1 -1 1 1 
1 Metric ton 0.95 % enriched uraniun 
-2 1 -1 .-1 1 1 
Trace i n p r r i t i e s  fo r  1 metric ton on uraniun 
-3 1 -1 -1 1 1 
1 m t r i c  ton r i r ca loy  
-4 1 -1 -1 1 1 
1 metric ton a tminun 
-5 1 -1 -1 1 1 

<< SINGLE PASS PRODUCTION >> 
create a vector u i t h  1 metric ton of natural uranium 
m e  metric ton of natural uraniun 
-1 1 0 1.0 URANlW VECTOR 
A d d  uranim trace inpur i t ies  
-3 1 0 1.0 
A d d  5.0 ut% e lminun cladding 
-5 1 0 0.05 

Strategy i s  t o  i r rad ia te  a s ingle MTU and then decay and 
a c c w l a t e  i t  t o  lnodel the operating histogran. 

Assme burnup of 800 wud/MTU u i t h  a spec. pouer o f  10 MU/MTU. 

80.0 10.0 1 2 4 2 

Decay for 7Do days. Than extract 99% of Pu and 99.5% of U 

100.0 2 3 4 1  
3 4 5  1 
5 -7 0 1.0 Save resul ts fo r  s ingle MTU 
1 -6 0 1.0 

W o n  begin decay and acsunulation sequence 
1st step includes 1944-1947. 
-7 1 0 6.0 Nom. = 6 t n i t s  f o r  1st step 
4.0 1 2 5 1 Decay fo r  4 years 

(mruovered t o  vector 5)  

-7 2 0 16.0 1948-1951 
4.0 2 3 5 1  
-7 3 0 54.0 1952-1955 
4.0 3 4 5 1  
-7 4 0 148.0 1956-1959 
4.0 4 5 5 1  
-7 5 0 205.0 1960- 1963 
4.0 5 6 5 1  
-7 6 0 180.0 1964-1967 
4.0 6 7 5 1  
-7 7 0 62.0 1968-1971 
For the Last step, assme the end of reprocessing takes place 
(on an average) a t  the end of 1969. 
You decay 21 more years t a  take the result t o  end of 1990. 
21.0 7 8 5  1 

save and normalize Single-pass resul ts t o  a t o t a l  67.1E+6 llvd 
8 -8 0 125.0 = 67.1E+6 I (671 x 800.0) 

A- 1 
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rmv -8 3 0 1.0 
WOv -6 1 0 1.0 
rmv - 7  2 0 1.0 
CUT 5 1.OE-10 -1 
WTA 8 8 8 a 7 8 8 8 8 8 a 8 8 8 8 8 8 8 8 8 a a a a  
WTL 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 6 8 8  
WTF 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
WT 3 1 - 1  0 
RDA _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
STP 2 
5 920000 1.OE+6 0 0.0 
0 
2 922350 0.00950Ei6 922380 0.99002Ee 0 0.0 
2 922340 O.OOOOBEt6 922360 O.D0040E+6 0 0.0 
0 
4 400000 19.0 290000 18.0 480000 0.19 40000 1.0 
4 130000 7’90.0 10000 1.3 140000 93.0 280000 56.0 
4 250000 9.2 120000 3.0 260000 330.0 240000 22.0 
4 ~ O O O O  0.14 mooo 8.0 60000 520.0 0 0.0 
0 
4 130000 75.0 500000 1.45E*4 260000 1350.0 240000 1000.0 
4 280000 550.0 60000 275.0 920000 2.5 400000 0.9814E+6 
4 50000 0.5 480000 0.5 27LlOOO 10.0 290000 50.0 
4 720000 200.0 10000 25.0 820000 100.0 120000 20.0 
4 250000 50.0 420000 50.0 70000 80.0 140000 100.0 
4 11WOO 20.0 220000 50.0 740000 50.0 230000 50.0 
0 
4 130000 1.OE+6 0 0.0 
0 
RDA 
KOA 
RDA 
RDA 
LW 
L I B  
RDA 
RDA 
BAS 
wov 
KOA 
ADD 
RDA 
ADO 
KOA 
KOA 
BUP 
IRP 
DEC 
IRP 
BUP 
RDA 
RDA 
DEC 
PRO 
mv 
mv 
RDA 
RDA 
mv 
DEC 
RDA 
ADD 
DEC 
ADO 
OEC 
ADD 
OEC 
ADO 
DEC 
ADO 
RDA 
RDA 
RDA 
DEC 

<< I-REACTOR PRWUCTION >> 

ASSW MI: 1V Imr cross sections 
Set U235 Sigf cross section t o  55.0 barns 
922350 -1 
0 1 2 3 411 -412 413 9 4 0 1 0 

Create a vector with 1 m t r i c  ton of  0.95% enriched uraniun 
m m t r i s  ton of  0.95% enriched uraniun 
-2 1 0 1.0 . URANlul VECTOR 
~ d d  uraniun trace i n p r i t i e s  
-3 1 0 1.0 
A& 7.0 wtX r i r ca loy  c l d d i r m  
-4 1 0 0.07 

Assure hrmp of 2000 WdlUTU with a spec. power of 10 WYIUTU. 

100.0 10.0 1 2 4 2 100 day irrad. 
120.0 2 3 4 0  20 day decay 
220.0 10.0 3 4 4 0 100 day irrad. 

Oecay for  300 days. Then extract  99% of Pu ard 

300.0 4 5 4 1  
5 6 7  1 
7 -7 0 1.0 Save resul ts f o r  s ingle MTU 
1 -6 0 1.0 

F i r s t  step i s  f o r  1964-1967. 
-7 1 0 22.0 22 m i t s  for  1st step 
4.0 1 2 5 1 Decay f o r  4 years 

99.5% of U 
(mrecovered t o  vector 7) 

-7 2 0 27.0 1968- 1971 
4.0 2 3 5 1  
-7 3 0 29.0 1972-1975 
4.0 3 4 5 1  
-7 4 0 28.0 1976- 1979 
4.0 4 5 5 1  
-7 5 0 21.0 1980- 1983 
4.0 5 6 5 1  
-7 6 0 19.0 1984- 1987 
For the l as t  step, assum the end of reprocessing takes place 
(on an average) a t  the end of 1985. 
Wow decay 5 more years t o  take the resu l t  t o  end of 1990. 
5.0 6 7 5 1  

A- 2 
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where pB i s  t h e  b u l k  dens i ty .  

approximated to' g i v e  a s imple r e s u l t  f o r  t h e  contaminant f l u x ,  r , when t h e  
re lease t ime i s  sho r t  compared t o  t h e  spread i n  t h e  kernel  and when i t  i s  
long. There are  two d i s t i n c t  t ime scales f o r  t h e  f l u x  kerne l .  

There are  two s i t u a t i o n s  where t h e  convo lu t ion  i n t e g r a l  can be 

D i f f u s i v e  and advec t ive  t ime scales are  de f ined by t h e  f o l l o w i n g  
re1  a t i  ons: 

X2 t =- 
20,' 

X t,=- 
Ue 

respec t i ve l y .  Wi th  these d e f i n i t i o n s ,  t h e  f l u x  kernel  can be r e w r i t t e n  as 

Approximate peak f lux  f o r  longer  re lease  t imes 

For a slow re lease where the  w id th  o f  the  kerne l  i s  r e l a t i v e l y  narrow i n  
time, t h e  kernel  i s  approximately a d e l t a  func t i on ,  and t h e  f l u x  i s  
represented by t h e  source re lease r a t e  R ( t )  s l i g h t l y  dispersed. For a 
normal ized source constant  over a re lease  per iod,  T, t h e  peak f l u x  i s  s imply  
rw = 1/T. I t  i s  wor th n o t i n g  t h a t  t h i s  i s  o n l y  t r u e  when t h e  charac ter  o f  t h e  
kernel  i s  advect ive.  For a d i f fus ion-dominated kerne l ,  t h e  f u n c t i o n a l  
dependence a t  longer  t imes (bu t  s t i l l  sho r t  compared t o  t h e  advec t ive  t ime 
scale)  i s  n o t  c o n t r o l l e d  by t h e  exponent ia l  decrease t h a t  i s  c h a r a c t e r i s t i c  o f  
t h e  advec t ive  kernel .  

Approximate peak f lux  f o r  sho r te r  re lease  t imes 

For  a f a s t  re lease where t h e  source re lease r a t e  func t ion ,  R ( t ) ,  i s  
narrow, t h e  kernel  G(x,t), approximates t h e  contaminant f l u x .  For advect ive 
behavior, t h e  peak i n  G(x,t) i s  near t h e  peak i n  t h e  exponent ia l  (i.e,, f o r  
t-t,). By inspect ion,  t h e  peak va lue f o r  t h i s  c o n d i t i o n  i s  

C&(x ,  t)=- - 
4 t a  l l  2 n t a  td 

The purpose o f  t h i s  development i s  t o  o b t a i n  a s imple expression f o r  t h e  

8-2 
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Appendix C Complete ORI6EN2 Curie Inventories 

ACTIVATIOII, CURIES 

W I  63 
C 14 
Y1 59 
CO 60 
SW121M 
2R 93 
H 3  
WB 9% 
-125 
FE 55 
Mo 93 
TE125M 
SR 90 
I 9 0  
BE 10 
TC 99 
WB 94 
AG10811 
11182 
HF182 
AG108 
RE187 
PB205 
SI 32 
P 32 
LU176 
TC 98 
lRl92 
lR19Ul 
A G l W I I  

PT193 
81208 
v 50 
Bl21oIl 
TL206 
PB204 
E l 2 3  
IN115 
MN 54 
PD107 
PO210 
1: 42 
AR 42 
SN11911 
I129 
AR 39 

mi09 

sngl-pass W-reactor 
1.454-04 6.884e+03 
6.007-02 2.618-02 
1.450e+02 6 . 1 8 1 ~ 0 1  
2.833etOl 1.606e+04 
O.ooOe+OO 1.331e02 
3.159e-02 2.923-01 
1.024nOZ 1.553e+02 
2.314e-02 1.519e01 
O.O00e+OO 1.644-04 
1.480e+O3 2.636-04 
o.oooe+00 2.116-2-01 
0.000n00 4.012-03 
1.539e-05 4.514e-02 
1.540e-05 4.516e-02 
9.534e-03 2.510e-03 
6.293e-10 9.766e-03 
7.329e-13 3.420e-04 
9.63le-05 9.214e-05 
O.WOe+OO 4.450e-03 
O.WOnOO 1.182e-04 
8.572e-06 8.200e-06 
O.OOOe*OO 1.295e-05 
O.OOOe+OO 1.218e-05 
4.993e-06 1.647e-06 
4.994e-06 1.647e-06 
0.OWnOO 6.038e-09 
4.466e-18 4.638e-10 
0.000etOO 7.465e-11 
O.OOOerO0 7.454e-11 
1.045e-04 1.455e-01 
1.045e-04 1.45%-01 
0.000n00 2.357e-11 
0 . OOOe+OO 1 .576e- 1 1 
1.125e-13 1.107e-11 
O.OOOe+OO 1.037e-11 
O.OOOe+OO 1.033e-11 
O.OOOe+OO 8.816e-12 
O.OOOe+OO 3.557e-12 
2.227e-12 6.515e-13 
7.197e-04 7 . 3 1 1 ~ 0 1  
1.104e-13 9.865e-14 
O.OOOe+OO 2.604e-10 
O.OOOe+OO 2.051e-15 
0. OOOHOO 2.05 1 e- 15 
2.489e- 16 6 . 2 6 3 ~ 0 2  
O.OOOe+OO 3.015e-16 
0 . OOOe+OO 1.402e- 16 

Cnposite 20.0YR 
2.143-04 1.843e+04 
8.625-02 8.604e+O2 
2.068-02 2.067e02 
1.608e+04 1.159-03 
1.331eO2 1.009-02 
2.926e+01 2.926-01 
2.577e02 8.385e01 
1.522nOl 2.326e+O1 
1.644e+04 1.103e+02 
2.784-04 1.346n02 
2.116e-01 2.108e-01 
4.012n03 2.690eO1 
4.516e-02 2.806e-02 
4.5 17e- 02 2.806e-02 
1.204e-02 1.204e-02 
9.766e-03 9.76%-03 
3.420e-04 3.417e-04 
1.885e-04 1.690e-04 
4.450e-03 1.182e-04 
1.182e-04 1.182e-04 
1.677e-05 1.504e-05 
1.295e-05 1.295e-05 
1.2180-05 1.218e-05 
6.640e-06 6.500e-06 
6.641e-06 6.500e-06 
6.038e-09 6.038e-09 
4.638e-10 4.638e-10 
7.465e-11 7.043e-11 
7.454e-11 7.037e-11 
1.456e-01 2.654e-06 
1.456e-01 2.654e-06 
2.357e-11 2.292e-11 
1.576e-11 1.576e-11 
1.118e-11 1.118e-11 
1.037e-11 1.037e-11 
1.033e-11 1.033e-11 
8.816e-12 8.816e-12 
3.557e-12 3.557e-12 
2.878e-12 2.878e-12 
7.31 l e 0 1  6.716e-06 
2.091e-13 2.09le-13 
2.604e-10 4.149e-14 
2.051e-15 1.347e-15 
2.051e-15 1.347e-15 
6.263e02 6.638e-07 
3.015e-16 3.015e-16 
1.402e-16 1.332e-16 

40.0YR 140.0YR 
1.585e+04 7.462n03 
8.584et02 8.480e+02 
2.067-02 2.065e+02 
8.345e+Ol 1.618e-04 
7.644-01 1.910e+01 
2.926etOl 2.926-01 
2.729e+O1 9.957e-02 
2.616e+Ol Z.779e+Ol 
7.394e-01 1.002e-11 
6.51 Oe- 01 1.720e- 12 
2.OPPe-01 2.058e-01 
1.804e-01 2.444e-12 
1.743e-02 1.613e-03 
1.743e-02 1.613e-03 
1.204e-02 1.204e-02 
9.76%-03 9.762e-03 
3.415e-04 3.403e-04 
1.515e-04 8.777e-05 
1.182e-04 l.182e-04 
1.182e-04 1.182e-04 
1.348e-05 7.812e-06 
1.295e-05 1.295e-05 
1.218e-05 1.218e-05 
6.363e-06 5.719e-06 
6.363e-06 5.ROe-06 
6.038e-09 6.038e-09 
4.638e-10 4.638e-10 
6.649e-11 4.987e-11 
6.644e-11 4.983e-11 
4.837e-11 O.OOOe+OO 
4.837e-11 O.OOOe+OO 
2.230e-11 1.941e-11 
1.576e- 11 1.576e- 11 
1.118e-11 1.118e-11 
1.037e-11 1.037e-11 
1.033e-11 1.033e-11 
8.816e-12 8.816e-12 
3.557e-12 3.557e-12 
2.878e- 12 2.878e- 12 
6.169e-13 O.OOOe+OO 
2.091e-13 2.091e-13 
4.149e-14 4.149e-14 
8.852e-16 1.083e-16 
8.851e-16 1.083e-16 
7.035e-16 O.OOOHO0 
3.015e-16 3.015e-16 
1.265e-16 9.775e-17 

C- 

540.OYR 5040.OYR 
3.665n02 6.914e-13 
8.080e+02 4.688-02 
2.058et02 1.979e+02 
0.000#00 o.oooe+oo 
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