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9 1. INTRODUCTION 

In 1996 the Department of Energy (DOE) completed a performance assessment (PA) calculation 
for the Waste Isolation Pilot Plant (WIPP). The PA was part of the Compliance Certification 
Application (CCA) submitted to the Environmental Protection Agency (EPA) to demonstrate 
compliance with the radiation protection regulations of 40 CFR 191 and 40 CFR 194. As 
required by the WIPP Land Withdrawal Act (Public Law 102-579), DOE is required to submit 
documentation to EPA for the recertification of the W P P  every five years in order to continue 
operating the site. This will require that a Compliance Recertification Application (CRA) be 
prepared and submitted to the EPA by November 2003. 

This analysis is governed by AP-097, Analysis Plan For Deriving Radionuclide Inventory 
bzfomation for Performance Assessment Calculations: Compliance Recertification Application 
which discusses the methodology that will be used by Sandia National Laboratories (SNL) to 
determine the WIPP repository radionuclide inventory information for use in the PA calculation 
for the CRA. In particular, this analysis addresses Section 2.2, Task 1 of AP-097, 
"Identification of Radionuclides That Dominate Release," and its associated tasks. Note the 
expected target dates identified in the plan are changed to the date of this package. 

This analysis was performed in accordance with the SNL Quality Assurance Program and was 
prepared as prescribed by the SNL NWMP Procedure, NP 9-1, Analyses. 

I 
1.1 ACRONYMS 

AP Analysis Plan 
CFR Code of Federal Regulations 

I 
CH Contact HandIed 
CRA Compliance Recertification Application 
DOE Department of Energy 
EPA Environmental Protection Agency 
ERMS Electronic Records Management System 
LANL-CO Los Alamos National Laboratory - Carlsbad Operations 
NP NWMP Procedure 
NWMP Nuclear Waste Managernen t Program 
ORlGEN Oak Ridge lsotope Generation and Depletion Code 
PA Performance Assessment 
RH Remote HandIed 
SNL Sandia National Laboratory 
TRU Transuranic 
WIPP Waste Isolation Pilot Plant 
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2. PROBLEM DESCRIPTION 

.% Each potential radionuclide release mechanism modeled in performance assessment has as its 
source an inventory of radionuclides that (1) the DOE expects will be disposed in WIPP and (2) 
analysts believe will be prevalent in a release via the individual release mechanism. For the 
CRA, the DOE through its contractor, LANL, has been given a radionuclide inventory that it 
expects will be disposed in the WIPP (LANL, 2003). The radionuclide inventory contains 138 
radioisotopes. However, not all of the 138 radioisotopes are necessarily important to track in a 
performance assessment for the WIPP repository. In addition, tracking of all 138 radioisotopes 

' 

is not practical since WIPP PA involves a suite of computationally intensive codes. Therefore, 
the number of isotopes tracked in the WIPP PA codes must be reduced. 

3. ANALYSIS 

Three of the WIPP PA codes have radionuclide inventories as direct inputs: PANEL, NUTS, 
and CCDF-GF. The three codes are used in calculations of releases via individual release 
.mechanisms that are modeled in WPP PA. PANEL provides the radionuclide source for direct 
brine releases to the surface via a borehole (a potential short-term release mechanism), and it 
provides the radionuclide source for releases via a borehole to the Culebra (a potential long- 
term release mechanism) and to the Culebra. NUTS calculates radionuclide releases via Salado 
transport to the accessible boundary (a potential long-term release mechanism). CCDF-GF 
calculates direct solid releases to the surface due to drilling activities (a potential short-term and 
long-term release mechanism). The criteria for selecting important radionuclides for each of 
these codes (and release mechanisms) varies slightly. I 

The first criteria applied is a determination of importance based on the regulatory framework 
provided by the EPA in 40 CFR 191. Of the 138 radionuclides repotted in LANL 2003,47 are I 
regulated by 40 CFR 191. The tables in Appendix A show the p;ojected WIPP inventory of 
these isotopes in EPA units. An EPA unit is defined as the inventory of that isotope in curies 
divided by the EPA release limit for that. isotope in curies as specified in 40 CFR 191, 
Appendix A, Table I. The repository is considered to comply with the EPA regulations if there 
is less than a 0.1 probability that the cumulative release to the accessible environment is greater 
than 1 EPA unit, and less than a 0.001 probability that the cumulative release is greater than 10 
EPA units. 

Table 1 shows the radionuclide inventory in terms of EPA units at 0 years (2033), 100 years, 
350 years, and 10,000 years. It is important to look at the contribution that is being made to the I 
EPA units as a function of time because the contribution of radionuclides can change as they 
decay or build-up over time. Short-lived isotopes like 2 3 8 ~ ~  decay quite rapidly, dropping to less 
than an EPA unit by about 1000 years, while other isotopes like ' h  that initially have low I 
EPA units grow to over an EPA unit in 10,000 years. Some isotopes at the bottom of the table 
have short half-lives and are not regulated by the EPA, but they also have significant curies and 
are the parents of regulated isotopes, so they were included in the calculations. 

Inforni%tion Only I 
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Of the 138 isotopes given in LANL 2003, only 24 have more than 0.001 EPA units of inventory I 
at any time within the 10,000-year regulatory period. These hre: 2 2 7 ~ ~ ,  2 4 1 ~ m ,  243 Am, I4c, 

.% 
243 Cm, Incs, '"PJp, 23 '~a ,  2'%b, 23%~,  2 3 9 ~ ~ ,  240~u,  2 4 2 ~ ~ ,  226~a ,  9 0 ~ r ,  2 2 9 ~ h ,  2 3 0 ~ h ,  23%'h, 2 3 2 ~ ,  
2 3 3 ~ ,  2 3 4 ~ ,  2 3 5 ~ ,  2 3 6 ~ ,  2 3 8 ~ .  Consequently, only these have a direct potential to affect 
calculated releases. In addition to those, however, there are severai unregulated short-lived 
isotopes that (1) have significant inventory, and (2) decay to regulated isotopes. These are: 
248~m,  245~m,  2 M ~ ~ ,  '47~m,  147~m,  2 2 8 ~ a ,  2S2~f ,  '%m, 2 4 1 ~ ~  and they are also included in 
Table 1. 

All of the radionuclides in Table 1 except "c, 1 3 7 ~ ~ ,  14'prn, '"~m, and 2 3 3 ~  belong to the 
following decay chains: 

2 3 8 ~ u  
3. 

242pU -P 2 3 8 ~  4 2% 4 2 3 0 ~ h  4 2 2 6 ~ a  + 21vb (1) 

243 Cm 
1 

2 4 3 ~ m  + W ? ~  4 23?J 3 "'pa m ~ c  , (2) 

24A Cm 
1 

2 n ~ f  4 2 @ ~ m  + 2vU 4 2abpU + 2v 4 232Th 4 " ' ~ a  (3) 

"c$-+ *'pU '& -'Am 4 m ~ p  + "v (4) , 

These decay chains were simplified by leaving out the many very short-lived and therefore 
,unregulated intermediates. Leaving out short-lived intermediates that lie between regulated 
isotopes does not affect the rate of decay and ingrowth of the remaining long-lived isotopes. 

InforniZtion Only I 
b\ 



i: 
I 
! '1 

C 

- h Radionuclides Expected to Dominate Potential Releases 
in thc Compliance Rmrtification Application 

Revision I I 

c Table 1 : Thirty-three Isotopes Considered for Modeling in the CRA PA I 
~aif-lifeb , EPA Unitsa 

Radionuclide 100 Years 350 Years 10,000 Years 

Cm-248 3.48E45 a 3.75E-04 3.75E-04 3.75E-04 3.68E-04 3.75E-04 1 
Cm-245 8.5E+03 a 7.72E-05 7.88E-05 8.1 OE-05 3.97E-05 8.10E-05 I 
Pu-244 8.OE47 a 4.44E-06 4.44E-06 4.44E-06 4.47 E-06 4.47E-06 1 
Sm-147 1.06E+11 a 6.44E-11 6.44~-11 6.44E-11 6.44 E-11 6.44E-11 1 
~m-147  2.6234 a ..- --- *- -. .*- I 
Ra-228 5.76 a - -- - -.- ..- 1 
Cf-252 2.638 a -- -- - *- ... I 
Cm-244 18.1 a -- --. -- *- --- I 
Pu-241 14.4 a - -. - *- -.- I 

(a) EPA Units Taken from Tables A-1 through A-7 in Appendix A 
(b) Decay mode and half-life information taken from Nuclides and Isotopes (also called the 'Chart of the 

NucIides"), 1 4 ~  Ed. (General Electric 1989). 

I 
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3.1 IMPORTANT RADIONUCLXDES FOR PANEL 

T 30 radioisoto es have traditionally been modeled in PANEL calculations. Those radioisoto es J' are: " ' ~ m ,  P3Am, 243~rn, 1 3 7 ~ s ,  2 3 7 ~ p ,  2 3 1 ~ a ,  21%b, 2 3 8 ~ ~ ,  2 3 9 ~ ~ ,  240h, 2 4 2 ~ ~ ,  2 2 6 ~ a ,  Sr, 
229~h ,  230~h,  23?h, 2 3 3 ~ ,  2 3 4 ~ ,  2 3 5 ~ ,  2 3 6 ~ ,  2 3 8 ~ ,  2 4 8 ~ m ,  245~m,  244~u, '47~m, '47~m, 2 2 8 ~ a ,  2 5 2 ~ f ,  
244~m, and 2 4 ' ~ ~ .  The list of radioisotopes traditionally modeled in PANEL encompasses all 
radioisotopes that could affect regulated releases directly or indirectly. Since PANEL is a fairly 
fast-running code, there is no need to reduce the number of radionuclides modeled in the 
PANEL calculations for the CRA. 

3.2 IMPORTANT RADIONUCLIDES FOR NUTS 

The number of isotopes has to be reduced for NUTS since it is a computationally intensive code 
and each isotope that is included increases the calculation time. Table 1 indicates that "'Pu, 
239h,  2 4 1 ~ m ,  24%, 1 3 7 ~ ~ ,  'OSr, 2 3 3 ~ ,  2 2 9 ~ h ,  2 3 4 ~  and 23?h have EPA units over unity at some 
time during the 10,000 year regulatory period. 

137 Cs and 9 0 ~ r  are excluded from the NUTS calculation even though they have EPA units over 
unity at early times because they are short-lived radionuclides that will no longer be 
contributors to the EPA units by the time radioactive material is transported via the Salado 

239 transport pathway to the accessible boundary. Table 2 indicates that including 2 3 8 ~ ~ ,  Pu, 
. 2 4 1 ~ m ,  '*u, ='u, Y h ,  n"U and '?L'h accounts for 98.7% of the EPA units at the time of I 

repository closure. In addition, '"Pu was added to the list of radionuclides to be modeled with 
NUTS since it is a parent isotope for 2 4 ' ~ m  with a significant inventory at the start of the 
calculation. 

Table 2: Percent Contribution at 2033 to EPA Units for Isotopes Modeled in NUTS 

1 
I 
I 
I 
I 
I 
I 

(a) Decayed radionucl~de data taken from Fox 2003. 
I 

(b) Source EPA Units taken from Table A-2. 
I 

3.3 IMPORTANT RADIONUCLIDES FOR CCIDF-GF 

The radionculides that are important for modeling the direct solid release pathway are the 
radionuclides that should be included in CCDF-GF. The direct solid release pathway can be 
modeled effectively using 8 radionuclides listed in Table 1: "PU, 239~u,  2 4 ' ~ m ,  *?u, "'Cs, ' O S ~ ,  I 

InfornlPtion Only I 
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ID 

Pu-238 
Pu-239 
Am-241 
Pu-240 
U-233 
Th-229 

source EPA unit" Total Inventory [Curlesfn 
Cum % 

49.76% 
76.1 5% 
94.35% 
98.65% 
98.70% 
98.70% 
98.71 '10 
98.71% 

CH 

5.03€+03 
2.65E+03 
1,78E+03 
4.29E+02 
4.98E+00 
2.1 2E-02 
1.1 9E+00 
6.80E-03 

Total 
1,25E+06 
6.65E+05 
4.58E+05 
1.08E+05 
1.27E+03 
5.39E+00 
3.1 9E+02 
1.76E-01 

CH 

1.25€+06 
6.59E+05 
4.42E+05 
1.07E+05 
1.24E+03 

, 5.25E+00 
U-234 1 2.97E+02 
Th-230 I 1.69E-01 

RH 

1.1 3E+O1 
2.1 6E+01 
6.35E+01 
6.74E+00 
1.37E-01 
5.59E-04 
8.86E-02 
2.68E-04 

RH 

2.80E+03 
5.37E+03 
1.58E+04 
1.67E+03 
3.41 E+01 
1.39E-01 
2.20E+01 
6.67E-03 

Total 
5.04€+03 
2.68€+03 
1.84E+03 
4.36E+02 
5.1 2E+00 
2.1 7E-02 
1.28E+00 
7.07E-03 
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"'U, and 'v. These eight radionuclides were chosen because they each have EPA units over 
unity throughout the 10,000 year regulatory period. As shown in Table 3, these 8 radionuclides 

Z 137 
account for 99:98% of the EPA units at the time of repository closure. Cs and are 
included even though they have relatively short half-lives because a human intrusion event can 
occur as early as 100 years after repository closure. 

Table 3: Percent Contribution at 2033 to EPA Units for Isotopes Modeled in CCDF-GF for Cuttings 
Release 

I 
I 
I 
I 
I 
I -. 

-- 

111-234 1 2.97~+02~]~2.20~+01 1 3.19E+02 1 1.19E+00 1 8.86E-02 1 1.28€+00 1 99.98% 1 
I 

(a) Decayed radionuclide data taken from Fox 2003. 
I 

(b) Source EPA Units taken from Table A-2. 
I 

4. RELEVANT PROCEDURES ~ r n  REFERENCES I 

4.1 PROCEDURES 

AP-097, Analysis Plan for Deriving Radionuclide Inventory Information for Pe@ormance 
Assessment Calculations: Compliance Recert@cation Application. Sandia National Laboratories 
Nuclear Waste Management Program Analysis Plan, January 8,2003. . 

NP 9-1, Analyses. Sandia National Laboratories Nuclear Waste Management Program 
Procedure, August 29,200 1. 

4.2 REFERENCES 

General Electric Company (Nuclear Energy Operations). 1989. Nuclides and Isoropes, 
Fourteenth Edition. 

LANL. 2003. Response to the Request for Radionuclide Activities in TRU Waste Streamsfrom 
TWBiD Revision 2.1 Version 3.12, Data Version 0.4.0.8. Correspondence. ERMS# 5309 1 8. 
Carlsbad, NPVI: Los Alamos National Laboratories. 

Fox. 2003. Calculation of Decayed Radionuclide Inventories for the Compliance RecertGcation 
Application, Revision I .  ERMS# 530992. Sandia National Laboratories. Carlsbad, NM. 
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APPENDIX A 
t 

Table A-1 1: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 

I 
I 
I , -  , 

1 .- 

I 
I 
1 -, 

I 
I 
I ,, 
I :  
1 ; .  

' I 
t 1 

I : 
I .  
I .  
1 : 
I 
I 
I * .  
I 
I 
I 
I 
I 
I - 
I 
I 

I I 
I 
1 .  
I 
I : 

I 
I 
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Table A-1 : 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scab TRU Waste 
F I 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 .  
I I 

I 
I .  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Table A-I: 40CFR191 Release tihits and Source Term EPA Units for WIPP-Scale TRU Waste 
I 

I 
1 
I 
1 .< 

I 
I 
I 
I . ,  

I 
I .  
I 
I 
I . %  

I 
I 
I t 

I 1 

I J 

1 .  
I - .  

I 
I 
I .  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
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Table A-1: 40CFR191 Release Limits and Source Term EPA units for WIPP-Scale TRU Waste 

I 

I 
I 
I 
I 
I 
1 
1 .  
I 
I 
I 
1 .  
I 
I I 

I 
I 
I .  f 
I I I 

I 
- ~ 

I 
I 
I 
I 
I 
I 
I 
1 - 
I 

(a) Radionuclide inventory information taken from LANL 2003. The inventory information given in LANL 2003 . I 
has been decayed through 2001. The total curies are "WPP-Scale" estimated by assuming a vdlume of 5,950,000 
cubic feet for CH-TRU waste and 250,000 cubic feet for RH-TRU waste. 
(b) Release limits are determined in accordance with 40CFR19 1 (Appendix A, Table 1). Left column corresponds 
to specific release limits (cumulative releases to the accessible environment for 10,000 years after disposal per 
"'Unit of Waste" identified in Note l(e) of Table 1, Appendix A. 40CFR191). Right column corresponds to release 
limit obtained for 2.80 Units of Waste. The 2.80 value for the Unit of Waste corresponds to the Units of Waste 
present at the end of 2001, the date that is consistent with LANL 2003. 
(c) Decay mode and half-life information taken from Nrtclides and Isotopes (also called the "Chart of the 
Nuclides"), 1 41h Ed. (General Electric 1989). 

. I 
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Table A-2: 40CFRf 91 Release Limits and Source Term EPA Uniis for WIPP-Scale TRU Waste 
(Calendar Year = 2033) 

C 

I 
1 
I 
I 
I 
I 
I 
I 
I 
1 .  
t 
I 
1 .  
I 
I t, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
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Table A-2: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
I 

1 
' I 
i! 

? 

Pb-212 8 ' m  Y 10.64 h 7.701 EM0 2.103E40 

Pb-214 - 
Pd-107 

Prn-147 
& 

InforrrY%Tion Only I 

P'* Y 

B' 
ro Y 

27 rn 

6.5E+06 a 
2.6234 a 

6.21 6E40 

0.000E+00 

3.865E-04 

4.933E-05 

2.881 E-06 

7.4746-02 

- 
1WO ----- -- 

..- 
2484 

-.. 

-- 
1.16E-09 

-- 

I 
I 
I 
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Table A-2: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 

1 
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Table A-2: 40CFR191 Release ~irnhs and Source Term EPA units for WIPP-Scale TRU Waste 

I 

I 
1 .  
I 
I 
I 
1 
1 .. 
1 .. 

1 
,I .... 

I . .  

! 
I - 

. . I 
I 
I 
1 b 

t .nl 

I 
? 

. a  

I 
. I 
I 
I 
I. 
I 
1 .  
1 
I 
I 

(a) Decayed radionuclide inventory information taken ftom Calcrilation of Decayed Radionuclide Inventories for 
the Conrpliance Recertficafion Application, Revision I (Fox 2003). Radionuclide decay was performed using I 
ORIGENZ Version 2.2. 
(b) Release limits are determined in accordance with 40CFR191 (Appendix A, Table 1). Left cdlumn corresponds 
to specific release limits (cumutative releases to the accessible environment for 10,000 years after disposal per 
"Unit of Waste" identified in Note l(e) of Table 1, Appendix A, 40CFR19 1). Right column corresponds to reIease 
limit obtained for 2.48 Units of Waste. The 2.48 value for the Unit of Waste corresponds to the Units of Waste I 
present at repository closure, 2033. 
(c) Decay mode and half-life information taken from Nuclides and Isotopes (also called the "Chart of the 
NucIides"), 14' Ed. (General Electric 1989). 

I 
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Table A-3: 40CFR191 Release ~imits and Source Term EPA h i t s  for WIPP-Scale TRU Waste 
(Calendar Year = 2t33) 

t 

. . 

5 
$ 
r 

! 

Cm-247 

Cm-248 a. SF 3.48€+05 a 9.1 4E-02 ? .83E-03 100 248 3.75E-04 1 

I 

I 
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Tabk A-3: 4OCFR19t Release Limits and Source Term EPA units for WIPP-Scale TRU Waste 

. . 

1 

? 
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Table A-3: 4OCFR191 Release Limits and Source T e h  EPA Units for WIPP-Scale TRU Waste 

1: 
Y 
i' 

C 

Sn-126 rm Y 1 .OE+05 a 0.00E+00 2.98E-04 1000 2484 1.20E-07 1 
ST-90 8' 29.1 a ] 2.48E43 1.06€+04 1000 2484 5.29€+00 1 ----- 
Tc-99 8', Y 2.13E+05 a 1.67Ec02 1.59E+02 10000 24839 1.31 E-02 I 
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Table A-3: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I - 
! 
I .  
I 
I 
I 
1 
I 
I 
I 
I .  
I 
I 
I .  
1 
I 
I 
I 

(a) Decayed radionuclide inventory information taken from Calculation of Decayed Radionuclide Inventories for 
the Compliance Recertification Application, Revision I (Fox 2003). Radionuclide decay was performed using 
ORIGEN2 Version 2.2. 
(b) Release limits are determined in accordance with 40CFR191 (Appendix A, Table 1). Left column corresponds 
to specific release limits (cumulative releases to the accessible environment for 10,000 years after disposal per 
"Unit of Waste" identified in Note l(e) of Table 1, Appendix A, 40CFR191). Right column corresponds to release 
limit obtained for 2.48 Units of Waste. The 2.48 value for the Unit of Waste corresponds to the Units of Waste I 
present at repository closure, 2033. 
(c) Decay mode and half-life information taken from Nuclides and Isotopes (also called the "Chart of the 
Nuclides"), 14" Ed. (General Electric 1989). 
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Table A-4: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
P (Calendar Year = 2383) 
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Table A-4: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
(Calendar Year = 2383) - continued 
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Table A-4: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
(Calendar Year = 2383) - continued 
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Table A-4: 40CFR19t Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
(Calendar Year = 2383) - continued 
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-. 
3 
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(a) Decayed radionucljde inventory information taken from Calculation of Decayed Radionuclide Inventories for 
the Compliance Recertification Application, Revision I (Fox 2003). Radionuclide decay was performed using 1 
ORIGEN2 Version 2.2. 
(b) Release limits are determined in accordance with 40CFR 19 1 (Appendix A, Table 1). Left column corresponds 
to specific release limits (cumulative releases to the accessible environment for 10,000 years after disposal per 
"Unit of Waste" identified in Note l(e) of Table 1. Appendix A, 40CFR191). Right column corresponds to release 
limit obtained for 2.48 Units of Waste. The 2.48 value for the Unit of Waste corresponds to the Units of Waste I : 

present at repository closure, 2033. 
(c) Decay mode'and half-life information taken from Nuclides and lsotopes (also called the 'Chart of the 
Nuclides", 1 4 ~  Ed. (General Electric 1989). 
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Table A-5: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
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Table A-5: 40CFR191 Release ~imlts  and Source Term EPA units for WIPP-Scale TRU Waste 
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Table A-5: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
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(a) Decayed radionuclide inventory information taken from Calcitlation of Decayed Radionuclide Inventories for 
the Compliance RecertiFctztion Application, Revision 1 (Fox 2003). Radionuclide decay was performed using 1 
ORIGEN2 Version 2.2. 
(b) Release limits are determined in accordance with 40CFR191 (Appendix A, Table 1). Left column corresponds 
to specific release limits (cumulative releases to the accessible environment for 10,000 years after disposal per 
"Unit of Waste" identified in Note l(e) of Table 1. Appendix A, 40CFR191). Right column corresponds to release 
limit obtained for 2.48 Units of Waste. The 2.48 value for the Unit of Waste corresponds to the Units of Waste I 
present at repository closure, 2033. 
(c) Decay mode and half-life information taken from Nuclides and Isotopes (also called the 'Chart of the 
Nuclides"), 14Ih Ed. (General Electric 1989). 
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Table A-6: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale T RU Waste 
P (Calendar Year = 7033) 
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Table A-6: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
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Table A-6: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale T RU Waste 
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Table A-6: 40CFRt91 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
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(a) Decayed radionuclide inventory information taken from Calculation of Decayed Radionuclide Inventories for 
tlte Compliance Recertification Application, Revision I (Fox 2003). Radionuclide decay was performed using . I 
ORIGEN2 Version 2.2. 
(b) Release limits are determined in accordance with 40CFR191 (Appendix A, Table 1). Left column corresponds 
to specific release limits (cumulative releases to the accessible environment for 10,000 years after disposal per * 

"Unit of Waste" identified in Note 1 (e) of Table 1, Appendix A, 40CFR 19 1). Right column corresponds to release 
limit obtained for 2.48 Units of Waste. The 2.48 value for the Unit of Waste corresponds to-the Units of Waste I 
present at repository closure, 2033. 
(c) Decay mode and half-life information taken from Nuclides and Isotopes (also called the "Chart of the 
Nuclides'?j, 14' Ed. (General Electric 1989). 
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Table A-7: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
(Calendar Year = 12,033) 
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Table A-7: 40CFR191 Release Limits and Source Term EPA Units for WIPP-Scale TRU Waste 
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Table A-7: 40CFR191 Release Limits and Source Term €PA Units for WIPP-Scale TRU Waste 
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Table A-7: 40CFR191 Release Limits and Source Term EPA Uhits for WIPP-Scale TRU Waste 
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(a) Decayed radionuclide inventory information taken from Calculatior~ of Decayed Radionuclide Inventoriesfor 
the Compliance Recertifcation Application, Revision I (Fox 2003). Radionuclide decay was performed using I 
ORIGEN2 Version 2.2. 
(b) Release limits are determined in accordance with 40CFR191 (Appendix A, Table 1). Left column corresponds . 
to specific release limits (cumulative releases to the accessible environment for 10.000 years after disposal per 
"Unit of Waste" identified in Note l(e) of Table 1, Appendix A, 40CFR191). Right column corresponds to release . 
limit obtained for 2.48 Units of Waste. The 2.48 value for the Unit of Waste corresponds to the Units of Waste I 
present at repository closure, 2033. 
(c) Decay mode and half-life information taken from Nuclides and Isotopes (aIso called the "Chart of the : 

Nuclides"), 1 4 ~ ~ E d .  (General Electric 1989). 
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