
Title 40 CFR Part 191 
Compliance Certification 

Application 
for the 

Waste Isolation Pilot Plant 

Appendix WCA 

United States Department of Energy 
Waste Isolation Pilot Plant 

Carlsbad Area Office 
Carlsbad, New Mexico 



Waste Characterization Analysis 



Title 40 CRF Part 191 Compliance Certification Application 

PREFACE 

Appendix WCA of this application is a reproduction of a draft report that was reviewed by the 
Waste Characterization Analyses Peer Review panel. See Section 9.3.2 and Appendix PEER of 
this application for discussion of this peer review. Because of its draft status, the report reviewed 
by the peer review panel contained minor errors (for example, transuranic elements are 
incorrectly described in one location as those in atomic weights, rather than atomic numbers, 
greater than 92). These errors do not affect the technical content of the discussions, and have not 
been corrected in this reproduction although this appendix has undergone formatting to be 
consistent with other appendices in this application. Also, a preface has been added to 
Attachments WCA.8.1 and WCA.8.2 which describes the Drover context of the attachmentis) 

& .  ~, 

with regard to the Compliance Certification Application. These prefaces are included here for 
completeness and clarification, but were not in the draft report reviewed by the peer review 
panel. Exact copies of all materials provided to the peer review panel are contained in the 
appropriate WIPP files. 

In the case of the discussion of the temperature rise in the disposal region that may occur as a 
result of exothermic reactions, technical information presented to the peer panel has been 
superseded. The original discussion is reproduced here for historical accuracy. The updated 
discussion of temperature rise is provided in a memorandum by Bennett et al. (1996), contained 
in Appendix PEER of this application. Conclusions of Appendix WCA are not affected by the 
change, which results in a lowering of the maximum possible temperature rise from the 7°C 
reported here as 6"C, as reported by Bennett et al. 

,i- 
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WCA.1 INTRODUCTION 

WCA.l.l Scope 

The objective of this appendix is to satisfy the requirements specified in 40 CFR 194.24(b): 

40 CFR 194.24(b) The Department shall submit in the compliance certifcation 
application the results of an analysis which substantiates: 
( I )  That all waste characteristics influencing containment of waste in the disposal 
system have been identified and assessed for their impact on disposal system 
perj"ormance. The characteristics to be analyzed shall include, but shall not be limited 
to: solubility; formation of colloidal suspensions containing radionuclides; production 
of gas from the waste; shear strength; compactability; and other waste-related inputs 
into the computer models that are used in the performance assessment. 
(2) That all waste components influencing the waste characteristics identified in 
paragraph (b ) ( l )  of this section have been identified and assessed for their impact on 
disposal system performance. The components to be analyzed shall include, but shall not 
be limited to: metals; cellulosics; chelating agents; water and other liquids; and activity 
in curies of each isotope ofthe radionuclides present. 
(3) Any decision to exclude consideration of any waste characteristic or waste 
component because such characteristic or component is not expected to significantly 
influence the containment ofthe waste in the disposal system. . -. 

i 
1.' 

4 ,  .. 
, , 

b This appendix identifies those waste components and waste characteristics that can influence , . 

containment of waste and that are included as inputs to the computer models and codes used i 
performance assessment. Waste components are the elements that make up the waste (for 
example, radionuclides, paper and other cellulosic materials, steel drums that contain the waste, 
solidified organic and inorganic sludges, etc.). These components have characteristics with the 
potential to impact disposal system performance. For example, paper is a component of the 
waste and a nutrient for microbes in the repository. The property of the paper to act as a 
substrate for microbial gas production is a characteristic of the paper. Microbes metabolizing 
paper will produce CO,, methane, and other gaseous metabolic products, which can increase the 
pressure in a waste panel and potentially impact the performance of the repository. 

This appendix represents a step in the process of using sensitivity analysis to specify limiting 
values and associated uncertainties in the waste characteristics and components as required in 40 
CFR Part 194.24 (c). Initial evaluations, based on previous sensitivity analyses, calculations 
related to features, events, and processes (FEPs) (Appendix SCR), and reasoned arguments, have 
identified those waste characteristics that are included or excluded from performance assessment. 
These preliminary evaluations will be refined once sensitivity studies with the final performance 
assessment (PA) model for the Compliance Certification Application (CCA) are completed. 

WCA-I October 1996 
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The repository performance considered in this appendix is only with respect to the movement of 
radionuclides to the accessible environment. More specifically, disposal system performance 
means the ability of the Waste Isolation Pilot Plant (WIPP) tocomply with 40 CFR Part 191 (b) 
and (c). This appendix does not discuss Resource Conservation and Recovery Act (RCRA) 
related matters; the Department of Energy (DOE) has submitted a No-Migration Variance 
Petition to the Environmental Protection Agency (EPA) and a RCRA Part B Permit Application 
to the State of New Mexico that cover issues related to hazardous waste. 

WCA.1.2 History of Identification of Components and Characteristics Affecting 
Performance 

The waste components and characteristics affecting repository performance have evolved as 
understanding about repository processes and disposal system performance has increased. 
Development of 40 CFR Parts 191 and 194 have also influenced this process. Three major 
changes that have occurred during the historical development of WIPP conceptual models are as 
follows: 

(1) the change from assuming an essentially dry repository to consideration of brine inflow and 
outflow, and - 

(2) promulgation of 40 CFR Part 191 in 1985; Part 191 required consideration of human 
intrusion, set release limits at defined boundaries, and established a regulatory time period 
of 10,000 years, and 

(3) promulgation of 40 CFR Part 194 in 1996. Part 194 requires that all well types be included 
in calculations of the future intrusion rate, that mining within the controlled area be - 
considered in performance assessment, and that performance assessment calculations may 
take credit for passive institutional controls (PICs). 

WCA.Z.2.1 Initial Estimate of Signifiant Waste Characteristics 

During the 1975-1976 site selection period, the Salado Formation (hereafter referred to as the 
Salado) was thought to be dry; gas generation by microbial action on the waste was recognized as 
a possible pressure-building mechanism, and radiolysis of host rock salts could occur. At that 
time, the emplacement of heat-emitting high-level radioactive waste in a separate repository in 
the same salt formation was also envisioned, and thermal effects were considered to be 
significant. Postulated breach of the repository was only by natural processes, which were 
deemed sufficiently unlikely that repository performance would not be affected. 

Experimental activities at the WlPP site focused on characterizing the Salado host rock, 
microbial gas generation, and migration of intra-granular brine in a thermal gradient. 
Radionuclides from the repository could be transported in aquifers above the Salado if they -. 

reached those aquifers, but a fluid connection between the repository and these aquifers was not 
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established. Measured permeability of the Salado rock matrix proved to be such that microbially 
generated gas would dissipate in the rock, rather than building to high pressure. Consequently, 
the program to analyze gas generation was canceled in 1981. 

A new gas generation program began in 1988 (Brush 1990) because Salado permeability had 
been overestimated. Observed brine seepage into the repository suggested the potential for gas 
generation by corrosion of iron compounds in the waste and waste containers. Thus, gas 
generation by both corrosion and microbial reaction remains a moderately significant influence 
on repository performance. In addition, microbially produced CO, has a significant effect on 
actinide solubility, although this effect will be mitigated by MgO backfill. The hydrogen gas 
produced by corrosion has no effect on repository chemistry. 

WCA.Z.2.2 Impact of 40 CFR Part 191 on Identification of Significant Characteristics 

Promulgation of 40 CFR Part 191 in 1985 required the consideration of human intrusion into the 
repository, raising the possibility of multiple boreholes into and through the repository, thus 
allowing brine saturation. Several new release mechanisms were then possible: gas spallation, 
drill cuttings and cavings, and brine flow, both directly to the surface and to the overlying 
aquifers. 

Mobilization of rad~onuclides by dissolut~on o i  waste added actinide solub~lity to microbial gas 
generation and corrosion as a characteristic to be considered. as well as the characteristics that 
affect solubility, like complcxants and pH and redox determinants. Carbon dioxide generation 
was a charactcri5tic of concern. in addition to total gas generation, because of its effect on pH . - 

and actinide solubility. With the increase in importance of dissolved actinide transport in 
overlying aquifers, identification of the Culebra member of the Rustler Formation (hereafter 
referred to as the Culebra) as the predominant groundwater route, possible retardation in the 
Culebra was considered, and waste characteristics that can influence such retardation were 
studied. 

In the late 1980s, transport of actinides in colloidal forms was recognized as potentially 
significant, adding colloid formation as a waste characteristic to be studied. In 1989, a literature 
review and analysis resulted in a very large range of estimated actinide solubility (Trauth et al. 
1992; Hobart et al. 1996). resulting in an experimental program to study these solubilities more 
intensively (Novak 1995a). This program also showed the importance of dissolved iron as a 
corrosion product for actinide solubility. 

WCA.Z.2.3 Interaction of Performance Assessment and Zdenbjication of Signif~ant Waste 
Characteristics 

Since 1989, performance has been (and continues to be) assessed by constructing cumulative 
distribution functions (CDFs) of releases under various probable scenarios and comparing the 
complement of this function (CCDFs) with the EPA criteria'of 40 CFR 191.13. Before 1996, 
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there were three complete cycles of performance assessment calculations (Lappin et al. 1989; 
WIPP PA Division 1991; WIPP PA Dept. 1992, 1993). After each of these cycles, the results of 
a sensitivity analysis were used to refine both waste characterization procedures and 
experimental work related to the waste characteristics and their expected influence on repository 
performance. Some examples of this use of sensitivity analysis are: 

Estimates of brine inflow from the 1989 perfonnance assessment prompted studies of brine 
inflow rates and volumes, leading ultimately to the laboratory studies of humid and 
inundated anoxic corrosion and microbial reaction (Brush 1990). These studies, in tum, 
highlighted the importance of cellulosics, plastic, and rubber in the emplaced waste as 
microbial substrates. The latter studies led to assessment of nitrates, sulfates, and 
phosphates in the waste because these compounds supply microbes with necessary 
nutrients. 

Systems analyses carried out by Lappin et al. (1989) demonstrated that gas would affect 
repository performance if present in significant quantities. Laboratory studies of gas 
generation were restarted in February of 1989, and focused on single-process experiments 
on anoxic corrosion, microbial activity, and radiolysis. Between 1989 and 1995, the DOE 
project developed gas generation models. - 
Assessment of brine inflow and brine volumes in the waste prompted the combined 
modeling and experimental study of actinide solubilities, described in Appendix SOTERM. 
Modeling actinide solubility revealed the need to assess the impact of waste components on 
the redox environment of both the Castile and Salado brine. 

Calculation of actinide activity through the 10,000-year regulatory period identified those 
radionuclides that make up less than 1 percent of the EPA release limit (WIPP PA Dept. 
1993, 7-12). This information was used in waste characterization and in the actinide 
source term program to identify the radionuclides that do not need complete 
characterization and transport and is illustrated by the graphs in Section WCA.8.3. 

Studies of the Culebra transmissivity suggested that both physical and chemical retardation 
could occur, and separate conceptual models were analyzed for cases with and without 
chemical retardation (WIPP PA Dept. 1993, Section 8.4.3). As a result, the dissolved 
actinide chemical retardation research program has studied the sorption of dissolved and 
colloidally sorbed actinides and the components of the waste, primarily organic ligands, 
that would affect retardation. 

Results from the solubility model (Novak 1995a, b) that actinide solubility was pH- 
dependent led to an evaluation of the influence of cementitious materials in the waste on 
pH. 
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WCA.1.3 Organization 

This appendix is organized as follows: 

Section WCA. 1.0 Introduction 

The introduction includes a discussion of the overall approach to compliance with 40 CFR 
194.24 (b) and the organization of the appendix. This section also discusses the history of using 
performance assessment to identify the waste components and characteristics that affect 
performance. 

Section WCA.2.0 Summary of Waste Components and Characteristics: Waste 
Characterization Analysis 

This section includes lists of the components and characteristics that are important to 
performance, as well as those that are not. 

Section WCA.3.0 Characteristics That Affect Performance: Curie Content 

Section WCA.3.0 considers all of the radionuclides inventoried in the TRU Baseline Inventory 
Report (TWBIR) (USDOE 1996) and identifies those radionuclides that will affect performance. 
The only characteristic discussed in Section WCA.3.0 is radioactivity. 

Section WCA.4.0 Characteristics of Radionuclides: Solubility and Colloid Formation 

Section WCA.4.0 has two subsections devoted to characteristics that affect performance: 
subsection WCA.4.1 discusses solubility, while subsection WCA.4.2 discusses colloid .,,,. *,. 

formation. 
ti':, ' \ . >. .: 

Section WCA.5.O Nonradioactive Waste Components and Characteristics ( i ;> 
:;~. . ~ , .  ;:::: . , . , i 

\,\: r: , ',' . ', : 
-\./ 

Section WCA.S.0 has four subsections: subsection WCA.S.1 discusses comvonents and 
characteristics affecting gas generation; subsection WCA.5.2, those affecting mechanical 
properties of the repository; and subsection WCA.5.3, those affecting heat generation. 

Section WCA.6.0 Summary 

Section WCA. 7.0 References 

Section WCA.8.0 Supplemental Documents 
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WCA.1.4 Terminology 

%\ \ *  &#.,~ 

WCA.1.4.1 Terms Used to Refer to Radioactive Materials -. 

The terms "actinide," "radionuclide" or "nuclide," and "isotope" have particular, but often 
overlapping, meanings. "Actinide" is used as a general term for an element in the actinium series 
of the periodic table: for example, thorium, uranium, neptunium, plutonium, americium, and 
curium are all actinides. This term is used in connection with the chemical properties of these 
elements and generally not in connection with radiological properties. "Radionuclide" (or 
"nuclide") is used when referring to one of the class of radioactive elements. "Isotopes" of an 
element have the same atomic number and chemical properties, but different atomic masses. The 
term is used most often in conjunction with radiological properties. 

WCA.1.4.2 The Waste Unit Factor and EPA Units 

The "waste unit factor" is the number of millions of curies of a-emitting transuranic (TRU) 
radionuclides with half-lives longer than 20 years (40 CFR Part 191, Appendix A). In the WIPP, 
4.07 million curies of TRU waste will be in the repository at closure, so the waste unit factor is 
4.07. 

.- 

The number of EPA units of a radionuclide is the activity (in curies) of the radionuclide divided 
by the release limit for that radionuclide. EPA units are important because the containment 
requirement for the repository is expressed in EPA units. 

As an example of EPA units, the Pu-239 inventory at closure is 7.95 x lo5 curies (TWBIR; 
USDOE 1996), and the release limit for Pu-239 is 407 curies, so the number of EPA units is 
calculated as: 

7.95x105 curies 
= 1,954 EPA units. 

407 curies 

The release limit for Pu-239 is given by the waste unit factor (4.07) multiplied by the release 
limit per million curies of TRU. The release limit per million curies is given in Table WCA-I, a 
copy of Table 1 in Appendix A, 40 CFR Part 191. The value for Pu-239 is 100 curies, giving a 
release limit of 407. 

WCA.1.4.3 Normalized Release for All Radionuclides 

With a mix of radionuclides, each radionuclide is normalized with respect to its release limit and 
the sum of all releases must have 
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Table WCA-1. Table 1 of Appendix A, 40 CFR Part 191 

Radionuclide Release Limit per Release Limit for the 
Million Curies of WIPP Normalized By 
TRU Radionuclides* Total f rom Table 
(Curies) WCA-5 (Curies) 

Americium: Am-241 or -243 
Carbon: C-14 
Cesium: Cs-135, or -137 
Iodine: 1-129 
Neptunium: Np-237 
Plutonium: Pu-238, -239, -240, or -242 
Radium: Ra-226 
Strontium: Sr-90 
Technetium: Tc-99 
Thorium: TI-230 or -232 
Tin: Sn-126 
Uranium: U-233, -234. -235. -236, or -238 

Any other a-emitting radionuclide with a half-life greater 100 
than 20 years 

Any other radionuclide with a half-life greater than 20 years 1,000 
that does not emit a oarticles 

* In Appendix A of 40 CFR Part 191, this column is in terms of metnc tons heavy metal (MTHM), and the 
equivalence to curies of TRU is presented in Footnote e to the table. 

less than one chance in 10 of exceeding the release limit, and 
less than one chance in 1,000 of exceeding ten times the release limit. 

The sum of releases in EPA units is expressed by 

1 with a probability of 0.1 
10 with a probability of 0.001 

in which R, is the total release in EPA units under scenario J, f, is the waste unit factor, Qi, is the 
cumulative release for radionuclide I under scenario J, Li is the EPA release limit for radionuclide 
I, and the EPA release limit nR is the number of radionuclides contributing to the release. The 
regulatory time period over which these releases are summed is 10,000 years. A brief 
explanation of these release limits is given in Section WCA.8.2, and a comprehensive discussion 
of the background for these limits is provided in EPA (1985). 
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WCA.1.4.4 Chelating Agents 

Although 40 CFR 194.24 refers to "chelating agents," this appendix uses the term "organic 
ligands." In general, organic ligands increase the solubility of the complexed substance. 
Chelating agents are a particular category of organic ligand that increases solubility by forming a 
cage around certain ligated (or chelated) substances. Although this mechanism is peculiar to 
chelators, performance assessment looks only at the effect - increase in solubility. Performance 
assessment, therefore, does not distinguish between chelators and other organic ligands. 

WCA.2 SUMMARY OF WASTE COMPONENTS AND CHARACTERISTICS: 
WASTE CHARACTERIZATION ANALYSIS 

Tables WCA-2, WCA-3, and WCA-4 summarize, in tabular form, all the waste characteristics 
and waste components considered in this appendix. These tables provide: 

a list of the waste characteristics retained as a result of the analysis, 
a list of the waste components influencing these characteristics, 
identification of specific waste-related inputs to computer models, 
a list of all waste characteristics and components that were considered and excluded. 

h 

Table WCA-2 lists the waste characteristics and components that are included in performance 
assessment and were expected prior to the analysis to have a significant impact on repository 
performance. Table WCA-3 lists the waste characteristics and components that are included in 
performance assessment, but were expected prior to the analysis to have a negligible impact on 
performance. The impact of microbially generated CO, on performance is insignificant because 
the CO, will react with the MgO backfill, forming Mg carbonate minerals that greatly reduce the 
impact of CO, on pH. Actual sensitivities of the analysis to waste characteristics and 
components are described in Appendix SA. The relationships between components, 
characteristics, and performance assessment codes is illustrated in Figure WCA-1. 

Table WCA-4 lists the waste characteristics and components that are excluded from performance 
assessment. Some of these excluded characteristics, however, can indirectly influence 
performance. For example, the ability of nonferrous metals to bind organic ligands prevents 
those ligands from increasing actinide solubility, which is considered in performance assessment 
analyses. 

Each waste characteristic shown in Tables WCA-2 and WCA-3 is reflected in one or more 
parameters that are used in performance assessment. The performance assessment parameters 
are compiled in the INGRES database (presented in Appendix PAR), and the INGRES material 
and parameter names are the variable names used by the performance assessment models. 
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Table WCA-2. Table of Waste Characteristics and Components Used in Performance 
Assessment: Characteristics Expected to Have Significant Effect on 

Disposal System Performance 

Characteristic Component Effect on INGRES* INGRES* Section of 
Performance Material Parameter WCA 

Name Name 
(App. PAR) (App. PAR) 

radioactivity in 
curies of each 
isotope 

TRU radioactivity 
at closure 

solubility 

colloid formation 

redox state 

radioactivity in used in 
curies of each calculating 
isotope normalized 

releases 

a-emitting TRU determines waste 
radionuclides, unit factor 
t,,, > 20 years 

radionuclides actinide mobility 

radionuclides, actinide mobility 
cellulose, soils, 
plastics, rubber 

radionuclides actinide mobility 

AM241 
CM245 
NP237 
CS 137 
TH229 
RA226 
U238 
PU239 
PU240, etc 

AM241 
CM245 
NP237 
PU238 
PU239 
PU240, etc 

SOLAM3 
SOLPU3 
SOLPU4 
SOLU4 
SOLTH4 
SOLU6, etc* 
CS 
RA 
SR 

PHUMOX3, 
etc* 
AM 
NP 
PU 
U, etc 

U+6, U+4 
PU+3, PU+4 
THA,  

EPAREL 3.1, 3.2 
ATWEIGHT 
W C H D  

.. . 
i & .  

HALFLIFE , . 
ATWEIGHT r i :  . . i 

INVCHD 
INVRHD 

OXSTAT 
SOLSIM 
SOLCIM 
LOGSOLM 

PHUMCIM 4.2 
CAPHUM 
CAPMIC 
CONCINT 
CONCMIN 
PROPMIC 

M K X U  4.1 
MKDPU 

- 

* The material and parameter names given here are examples only. 
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Table WCA-2. Table of Waste Characteristics and Components Used in Perfor 

Assessment: Characteristics Expected to Have Significant Effect on 
Disposal System Performance (Continued) 

Characteristic Component Effect on INGRES* INGRES* Section of 
Performance Material Parameter WCA 

Name Name 
(App. PAR) (App. PAR) 

redox potential ferrous metals 

gas (H,) generation ferrous metals 

microbial 
substrate: CH, 
generation 

microbial 
substrate: CH, 
generation 

particle diameter 

microbial nutrients: 
CH,generation 

microbial nutrients: 
CH, generation 

compressibility and 
shear strength 

cellulose 

plastics, rubbe1 

solid waste 
components 

sulfates 

nitrates 

solid waste 
components 

actinide oxidation 
state; actinide 
mobility 

increase in H, 
pressure 

increase in gas 
pressure 

increase in gas 
pressure 

spalling release 

increase in gas 
pressure 

increase in gas 
pressure 

effect on creep 
closure, cuttings, 

STEEL 
REFCON 

STEEL 
REFCON 

WAS-AREA 

WAS-AREA 

BLOWOUT 

SULFATE 

NITRATE 

WAS-AREA 

STOIFX 4.1.1 
ASDRUM 
DRROOM 

STOIFX 4.1.2, 5.1 
CORRMC02 
HUMCOR 
ASDRUM 
DRROOM 

GRATMICI 4.1.2, 5.1 
GRATMICH 

PROBDEG 4.1.2. 5.1 - 
PARTDIA 5.2 

QINIT 5.1 

QINIT 5.1 

caving, spalling 
*The material and parameter names given here are examples only 
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I Table WCA-3. Table of Waste Characteristics and Components Used in Performance 
2 Assessment: Characteristics Expected to Have A Negligible Effect on 
3 Disposal System Performance 
A 

5 Characteristic Component Effect on Performance INGRES* INGRES* Section 
Material Parameter of WCA 
Name Name 

permeability solid waste negligible effect on brine WAS-AREA PRMX-LOG 5.2 
components movement, gas storage; PRMY-LOG 

see 2.4.1, SCR PRMZLOG 
2.3.8.1*** 

porosity solid waste negligible effect on brine WAS-AREA SAT-WICK 5.2 
components movement, see SCR POROSITY 

2.3.8*** 

microbial nutrients, sulfates negligible: MgO reacts SULFATE QJNIT** 4.1.2 
with CO, CO, generation 

microbial nutrients, nitrates negligible: MgO backfill NITRATE QINIF*  4.1.5.1 
CO, generation reacts with CO,, 

microbial cellulose negligible: MgO backfill WAS-AREA GRATMICI 4.1.2, 
substrate: C 0 2  reacts with CO, GRATMICH 5.1 
generation 

microbial plastics, negligible: MgO backfill WAS-AREA PROBDEG 4.1.2, 
substrate: CO, rubber reacts with CO, 5.1 
generation 

gas generation water in the enhances initial gas WAS-AREA SAT-RBRN 5.3.2 
waste eeneration - 

* The material and parameter names given here are examples only 
** These parameters are significant to gas generation and are therefore also listed in Table WCA-2. 
*** Appendix SCR 
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Table WCA-4. Table of Waste Characteristics and Components Not Used in 

Performance Assessment 

Characteristic Component Effect on Performance Section of Section 
SCR*** of WCA 

cellulose radiolysis 

explosivity 

brine radiolysis 

galvanic action 

complexation with 
actinides* 

buffering action* 

heat of solution 

Ca2+ binding to 
organic ligands 

binding to organic 
ligands* 

buffering action* 

galvanic action 

binding to organic 
ligands* 

redox reactions 

binding to organic 
ligands* 

complexation with 
actinides 

gas generation 

microbial nutrients 
CO, generation 

microbial nutrients 
CH, generation 

heat generation 

electrochemical 

radionuclides 

other organic compounds 

radionuclides 

nonferrous metals 

soil and humic material* 

cement* 

cement 

cement 

ferrous metals* 

ferrous metals* 

ferrous metals 

ferrous alloy 
components* 

nonferrous metals 

nonferrous metals* 

organic ligands 

Al and other nonferrous 
metals 

phosphates 

phosphates* 

sulfate, nitrate, 

negligible effect on total CO, 

none 

negligible effect on actinide 
valence 

negligible 

actinide mobility 

negligible: reacts with CO, and 
MgCI, 

negligible 

negligible compared to other 
metals 

can reduce actinide mobility 

actinide mobility 

negligible 

can reduce actinide mobility 

negligible compared to iron 

can reduce actinide mobility 

negligible 

negligible relative to steels 

negligible because MgO backfill 
reacts with C02  

negligible 

negligible 

negligible 

2.2.4 

2.3.3 

2.5.1.3.1 

2.5.1.2.1 

** 

2.5.4.5 

2.5.7 

2.5.4.5 

** 

** 

2.5.1.2.1, 
2.7.4 

** 

** 
** 

** 

** 

** 

** 

SCR 2.2.2, 
2.3.7, 2.3.8.1 

SCR 2.7.4 
processes phosphate 

^ Waste characteristics and components that influence performance indirectly--by influencing components and charactezistics listed in Table 
WCA-2. 

** The waste characteristics and components in thc table are either discussed in a section of this appendix or are the subject of a FEP. 
*-' Appendix SCR 
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Plastics 

Rubber BRAOFLO ~ 
Steel . 

nitrates ., . , . . ---., . . / sulfates 

r 
Cement Cornpactibility 

CUTTINGS 
All Solid Com~onents Permeabilll 

2 TRl-63424701-0 

- 3  
4 Figure WCA-1. Waste components, the associated waste characteristics, and a 
s performance assessment code related to each characteristic. 
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WCA.2.1 Relationship Between Inventory Data and Performance Assessment 

The TWBIR, Revision 3 (USDOE 1996) provides both site-level data and waste stream-level 
data on the radionuclide inventory for the WIPP. PA models generally use the site-level data, 
normalized to 1995 and scaled-up to the full WIPP capacity. The one exception to this approach 
is for the cuttingslcaving model, which uses waste stream level data to capture potential 
inhomogeneities in the contact-handled (CH) TRU waste. 

The relationship between TWBIR data and performance assessment is shown in Figure WCA-2. 
As Figure WCA-2 shows, the waste stream level data are used only in modeling direct release by 
cuttings and cavings (see Appendix CUTTINGS). This direct release scenario includes the 
probability of penetrating each of the 569 CH-TRU waste streams, and the single remote-handled 
(RH)-TRU waste stream, as discussed in Chapter 6, Section 6.4.12 of the CCA and in Sanchez et 
al. (1996). 

This approach for cuttings and caving releases represents the potential inhomogeneities in the 
CH-TRU waste. This approach is necessary because the size scale for cuttings and cavings is on 
the order of the drill bit diameter, 0.3 112 meters (12.25 inches), which is less than the diameter 
of a 55-gallon drum. A cuttings and cavings intrusion will, therefore, extract waste from three 
specific drums (remember that drums are stacked three high in the disposal rooms), rather than 
sampling from a larger volume of waste. 

Scenarios in which radionuclides would be released in brine, either directly to the surface or 
through the Culebra reservoir, assume that the mobility of radionuclides in brine results in an 
essentially homogeneous mixture of radionuclides. Brine flow will contact a much larger portion 
of the waste than the direct release of cuttings and cavings. For brine-related release pathways, 
the total radionuclide inventory is more applicable than the inventory of a particular waste 
stream. Performance assessment, therefore, uses the total inventory from all generator sites, as 
shown in Figure WCA-2. In a similar fashion, spall releases use site-level data because this 
mechanism is assumed to release waste from a volume larger than several drums, averaging out . .- . 
any inhomogeneities in waste streams. .q . , :. ., 

# ( , a  : , ' ,  

Radionuclide content will be evaluated in 2033, when the WIPP is decommissioned. Stored 
waste was decayed and grown in to a base year of 1995. Ingrowth occurs in a radioactive decay 
chain: as a nuclide decays, it produces a daughter, which is said to grow in. The memo of L. R. 'q*.u-' 
Sanchez, attached as Section WCA 8.1, includes decay calculations showing that application of 
the 1995 decayed values to 2033 does not make a significant difference in either the EPA unit or 
the waste unit factor. Discussions of the scaling of the stored waste inventory to WIPP capacity 
and of the renormalization of the waste stream data are in the TWBIR. 
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WCA.3 COMPONENTS THAT AFFECT PERFORMANCE: CURIE CONTENT 

The radioactivity of a particular isotope, often called the activity, is significant to two different 
aspects of compliance: (1) inclusion in the waste unit factor, which is the normalization factor for 
the release limits given in Table WCA-1, and (2) inclusion in the source term for the compliance 
demonstration. The waste unit factor is based only on TRU wastes that are a-emitters with a 
half-life greater than 20 years, while the CCDF isbased on the full inventory of all radioactive 
elements in the repository. This section, therefore, includes two subsections: WCA.3.1, 
components relevant to inclusion in the waste unit factor; and WCA.3.2, components relevant to 
inclusion in CCDFs for each applicable scenario. 

WCA.3.1 Radioactivity Included in the Waste Unit Factor 

The waste unit factor is the activity of TRU, a-emitting waste with a half-life greater than 20 
years at the time of repository closure. The units for the waste unit factor are millions of curies. 

Figure WCA-3 is a flow diagram for the selection of those radionuclides in the inventory that 
contribute to the waste unit factor. As noted above, not all radionuclides are included in this 
factor. For example, Sr-90 is excluded because it is not a transuranic and is a p-emitter. Even 
uranium is excluded because it is not a transuranic, which is defined as elements with atomic - 
weight greater than 92. 

The radionuclides that are included in the waste unit factor are listed in Table WCA-5. As noted 
in the table, the relevant inventory at closure is 4.07 x lo6 curies, resulting in a waste unit factor 
of 4.07. Table WCA-5 is based on an analysis (see Section WCA.8.2) of the radionuclide 
inventory in Revision 3 of the TWBIR (USDOE 1996). 

It is worthwhile to note that the inventory in Table WCA-5 is dominated by americium and 
plutonium. More specifically, the radionuclides Am-241, Pu-238, -239, -240, -242, and Cm- 
245 capture 99.9% of the waste unit factor. The combined activity at emplacement of Am-241, 
Pu-238, Pu-239, and Pu-240 is three orders of magnitude greater than the combined activity of 
the remaining 11 radionuclides. 

WCA.3.2 Radioactivity Included in the Source Term for Performance Assessment 

Unlike the waste unit factor, all radionuclides are potentially included in a demonstration of 
compliance and must therefore be considered for inclusion in the source term for performance 
assessment. An exhaustive list of radionuclides in the waste is presented in Table 3 of Section 
WCA.8.2. However, many of these radionuclides are present in such small quantities that their 
impact on long-term performance is negligible. That is, their total combined initial inventory in 
EPA units is much less than one percent so they will have negligable impact on compliance. 
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Site Level Data 
(Stored TRU from 1970) I 

Renormalize BIR Waste Stream 
BIR W a s t e  S t ream L e v e l  Da ta  Data to Site Level Data 

Decayed Values at Common Year 

Derive Activity Loading From 
Renormalized Data 

L 

Determine Total WIPP Inventory 
Based on Stored. Projected, and 
Scaled-up Waste to WIPP Capacity. 

C 
PA Code CUTTINGS-S: 

Direct Release of 

Direst Release of Spalling 
Direct Release of Brine 
Subsurface Release 

Performance 
Assessment  Database 

Figure WCA-2. Flow chart for inventory input into performance assessment database. 
Data reported by the generator sites are decayed and grown in to the 
year 1995. These data are then scaled up to the capacity of the WIPP 
and used in performance assessment. Data for individual waste 
streams are renormalized and rolled up to site level data. Waste 
stream level data are unnormalized from this roll-up and used in 
performance assessment to calculate direct release of cuttings and 
cavings. 
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TWBlR Radionuclide Inventory 

YES I 

Not Included 
Alpha In Waste Unit 

Emitter 

? 

YES 

34 1 

35 YES 
36 
37 
38 
39 
40 
4 1 
42 c.--. 

3 

44 Figure WCA-3. Flow diagram for including radionuclides in the waste unit factor. 
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Table WCA-5. Radionuclides That Contribute to the Waste Unit Factor 

Nuclide Half-Life Inventory at Closure % of Waste Unit 
lvears) (curies) 

Pu-244 8.0 x 10' 1 . 5 0 ~  10" 3.68 x 10~" / . , 
, .. , 

TOTAL 4.07 x lo6 

*This number differs slightly from that in Section WCA.8.2 as a result of more recent information. k.. 

Two different release pathways are used in performance assessment: (1) direct releases 
comprised of (a) material brought to the surface by cuttings, caving, spalling, and @) brine under 
pressure that flows to the surface during a drilling intrusion through the repository; and (2) 
releases to the accessible environment in brine that moves through the subsurface, primarily the 
Culebra aquifer. Note that the time scales for these two releases are quite different. The direct 
release during drilling events (Item 1) occurs within a few days. The flow and transport of 
radionuclides through the Culebra (Item 2) will require hundreds to thousands of years. 

Different radionuclides are used for these pathways because of the time-scale differences and 
different release media (solid particles containing radionuclides or brine containing 
radionuclides) as well as the computational efficiency of each computer code used in the PA 
calculations. Figure WCA-4 is a flow diagram for selecting radionuclides for different release 
mechanisms according to the criteria of Table WCA-1. The result of applying these criteria to the 
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radionuclides in the TWBIR is shown in Table WCA-6, which also lists the radionuclides used 
for specific release mechanisms. The EPA unit at 10,000 years (the end of the regulatory period) 
is also shown in Table WCA-6 because some nuclides experience considerable ingrowth, but not 
enough to affect the domination by the most prevalent radionuclides Pu-239 and Pu-240. Am- 
241 is also important for the first 3,000 years after closure. 

WCA.3.2.1 Radionuclides Included in Direct Releases by Cuttings, Caving, and Spalling 

The 10 isotopes listed in the column headed "Cuttings/Cavings/Spallings" (see Table WCA-6) 
are used to model direct release by cuttings, caving, or spalling. Release is assumed to occur 
when containers of CH-TRU or RH-TRU waste are breached during a borehole intrusion. The 
amount of radionuclide in the source term is estimated from the inventory per drum of the waste 
stream penetrated, including decay and ingrowth. Details of the EPA unit distribution in the 
waste streams are provided in Sanchez et al. (1996). The direct release scenario is discussed in 
greater detail in Section 6.4.12.4 of the CCA. 

Eight of the listed isotopes comprise more than 99.9 percent of the EPA units for the entire 
regulatory period. The other two are included because they are parent nuclides of significant 
daughters. Inclusion of 99 percent or more of the EPA unit provides an accurate representation - 
of the source term, while maintaining efficiency in computation by limiting the total number of 
isotopes to 10. The addition of the many radionuclides that make up the final 1 percent would 
increase computational time and difficulty without any impact on compliance (see Section 
WCA.8.3). The lack of impact on compliance is clear because if 1 percent of the calculated 
release is significant, then the calculated release itself would be a much greater violation. 

WCA.3.2.2 Radionuclides Included in Direct Releases of Brine to the Surface 

Direct release of brine to the surface carries radionuclides that are dissolved in the brine or 
sorbed on colloidal particles. 

The radionuclides released in direct release of brine to the surface include several isotopes that 
comprise negligible fractions of the total EPA unit, but must be included in the source term 
because of their influence on the total quantity of dissolved radionuclides. This influence occurs 
because the isotopes of a radionuclide will dissolve based on mass ratio, rather than the activity 
ratio, in which they are present in the waste. That is, if 90 percent of the mass of uranium in the 
waste is U-238 (for example), 90 percent of the dissolved uranium in molesiliter will be U-238, 
even though 90 percent of the radioactivity will not be U-238. This phenomenon is illustrated f o ~  
the uranium isotopes in Table WCA-7. 

The EPA units of Sr-90 and Cs-137 at closure are large enough that an explanation is needed for 
not including them in the source term for direct release of brine. Although the EPA units of Sr- - 
90 and Cs-137 are initially large (about 55), rapid decay from a short half-life (about 30 years) 
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YES , 

NOT INCLUDED IN 
PERFORMANCE 
ASSESSMENT 

YES + 
DIRECT RELEASE 
BY CUTTINGS, 
CAVING. AND 1 SPALLING: 

IN BRINE 

PU 238,239,240.241.242 

Am 241.243 

U 233,234,235,235,238 

Th 229.230.232 
Np 237 

Cm 243,244.245 

GROUNDWATER -. - .- .I 

RELEASE 

Pu 239,240,242 
Am 241 

U 233.234 

1 

Figure WCA-4. Flow diagram for selecting radionuclides for the release pathways 
conceptualized by performance assessment. The top part of the diagram 
describes the criteria for selecting radionuclides in Table WCA-6. The 
criteria for selecting specific radionuclides for each release mechanism are 
described in Sections WCA.3.2.1 through WCA.3.2.3. 
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Table WCA-6. Radionuclides Included 

Radionuclide Inventow at EPA Unit a t  EPA Unit at Releases 
Closure Closure**' 
(curies) Cutting1 Direct Brine Culebra 

Cavingsl Release Release 
Spall 
Release 

6416 Pu-238 2.61 x lo6 0.00** x x .. 

Cm-244 3.18 x 10' x x * .. 

% of EPA Units at closure represented by nuclides in source term 99.96% 98.93% 35.48% 
% of EPA Units at 10,000 years represented by nuclides in source term 99.41% 99.98% 99.76% 

* Pu-241 and Cm-244 are not regulated by 40 CFR Part 191, but are included because their daughters, Am-241 and 
Pu-242, respectively, are significant to PA. 

** Pu-238 (t,,, = 87.8 years) dominates the initial EPA unit but will have decayed away, even with some ingrowth, -'-\ e.: 1.. 
by 10,000 years. .,. . :, . . 

***The EPA units in this column are accurate. Calculating EPA units from the inventory may produce rounding . . 

errors 
x indicates an isotope included in the source term 
c indicates nuclides that are carried during transport with an isotope having similar characteristics _ -+ 

1'' 
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Table WCA-7. Activities and EPA Units of Uranium Isotopes 

Radionuclide Curies Half - Life Moles % of Total % at 
Emplaced (Yr) 10,000 yr 

U-232 25.8 70 5.05E-3 7.6E-7 1.43E-8 

U-233 1948 1.59E5 867.4 0.13 0.122 

U-234 507.5 2.46E5 349.3 0.05 6.45 

U-235 17.43 704E8 3.43E4 5.18 4.84 

U-236 0.4298 2.34E7 28.1 0.004 0.165 

U-238 50.1 4.47E9 6.26E5 94.6 88.4 

results in negligible impact on the performance assessment from those two isotopes. The lack of 
impact on compliance is explained below. 

Sr-90 and Cs-137 decay by about 90 percent during the first 100 years after closure, when 
borehole intrusions are excluded by 40 CFR Part 191. During this time period, the EPA unit of 
either isotope decays from 55 down to 5.5 for the whole repository. At 200 years, the EPA unit 
for either isotope are down to 0.94, again for the whole repository. - 
In addition to the rapid decay, were an individual borehoie intrusion to occur at 100 years, it 
would release 5.5 EPA units (Appendix SA) much less than the total inventory. Even at 350 
years, when either isotope decays down to 0.03 percent of the initial inventory, the maximum 
volume of brine release is only 0.01 m3. In summary, the rapid decay of Cs-137 and Sr-90 and 
the negligible volumes of brine release at early times provide the basis for excluding these 
isotopes from the inventory. 

C-14 is not included in this (or any) source term. Any C-14 transported out of the repository will 
be diluted by the large excess of nonradioactive carbon. With the current inventory, there is 0.2 
moles of C-14 (see Section WCA.8.9) out of 3 x lo8 moles of carbon in the cellulosics (see 
TWBIR), or one part in 100 million. 

WCA.3.2.3 Radionuclides Included in Releases to the Culebra Aquifer 

Release of brine from the repository to the Culebra also carries dissolved and colloidal 
radionuclides. The eight radionuclides in the source term for Culebra release include those that 
dominate the EPA unit for all but the earliest part of the regulatory period. Other less prevalent 
radionuclides are excluded because they would comprise a negligible fraction of the EPA unit or 
because transport through the Rustler is sufficiently slow that shorter-lived radionuclides would 
decay to negligible amounts before reaching the accessible environment. The selection of the 
eight radionuclides is discussed in Section WCA.8.3. - 
Of the eight radionuclides, only Pu-239, Am-241, U-234, and Th-230 are transported separately 
in performance assessment. Isotopes of the same element will be transported together, unless 
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their half-lives differ greatly. The movement of most of the radionuclides can be calculated 
indirectly, as presented in detail in Section WCA.8.3: 

U-233 can be combined with U-234 for transport because their half-lives are similar. 

Similarly, Th-229 can be combined with Th-230, because they will be in a fixed ratio to each 
other. Th-232 can be dropped because it is a constant small fraction of the EPA unit 
throughout the regulatory period. 

Pu-240 and Pu-242 can be combined with Pu-239; their long half-lives also indicate a fixed 
ratio between them. 

Pu-238 will have decayed to about 0.5 percent of its initial inventory after 700 years, and its 
contribution to the EPA unit will be negligible because travel time in the Culebra is much 
greater than 700 years. 

Pu-239 and Pu-240 dominate the EPA limit during the regulatory period, and Am-241 is also a 
factor for the first 3,000 years. Toward the end of the regulatory period, Th-230 has grown in by 
about 2.5 orders of magnitude, Th-229 by about 1.5 orders of magnitude, and U-234 by a factor 
of 3, but all are still small fractions of the EPA unit. Ra-226 grows in during the regulatory 
period, but even at 10,000 years would comprise a very small fraction of the EPA limit. 

WCA.3.2.4 Radionuclides Excluded From Source Terms 
, .  . I; ', , . , .. 

A large number of radionuclides were not included in any source term because they did not '- 

survive the screening process outlined in Figure WCA-4. Table WCA-8 lists those excluded 
radionuclides that have not already been discussed, and indicates the reason for their exclusio 

Table WCA-8. Radionuclides Excluded From All Source Terms 

Radionuclide Reason for Exclusion 

Short t,* and Progeny Small EPA Unit Negligible** 
With Short t,:* Ingrowth 

H-3 N A x N A 

'21-51 x N A N A 

Mn-54 x N A N A 

Fe-55 x N A N A 

Co-58 x N A N A 

Fe-59 x N A N A 

DOEICAO 1996-21 84 WCA-27 October 1996 



,, .. . -.. 
. I  

Title 40 CFR Part 191 Compliance Certification Application " .  "., ' . .i\ 'y 

Radionuclide Reason for Exclusion 

Short t, and Progeny Small EPA Unit Negligible** 
With Short t,* Ingrowth 

Ni-59 NA*** x N A 

Sn-126 

Sb-126m 

Te-127 

Te-127111 

I- 129 

0 - 1 3 4  

Ba-137111 

Ce- 144 
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Table WCA-8. Radionuclides Excluded From All Source Terms (Continued) 

Radionuclide Reason for Exclusion 

Short t, and Progeny Small EPA Unit Negligible** 
With Short t,:* Ingrowth 

Pr- 144 

Sn-12lm 

Gd-150 

Sm-151 

Eu-152 

Eu-154 

Eu-155 

Ta-182 

TI-207 

TI-208 

TI-209 

Pb-209 

Pb-210 

Pb-211 

Pb-212 

Ac-227 

Ra-225 

Ra-228 

Pa-23 1 

Pa-233 

Pa-234 

Pa-234m 

Th-23 1 

Np-238 

Np-239 

Np-240m 

PI-243 

Cm-246 

Cf-249 N A x N A 
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Table WCA3.  Radionuclides Excluded From All Source Terms (Continued) 

Radionudide Reason for Exclusion 

Short I,, and Progeny Small EPA Unit Negligible** 
With Short t,* Ingrowth 

Cf-251 x x N A 

Cf-252 x N A x 

* "Short" half-life means t, < 20 years. Radionuclides with t, < 20 years are not regulated by 40 CFR Part 191(b) 
and (c). 

** Negligible ingrowth includes ingrowth of the progeny that are radionuclides already predominant in the 
inventory. 

***NA indicates that the column heading does not apply to the particular isotope. 

WCA.4 CHARACTERISTICS O F  RADIONUCLIDES: SOLUBILITY AND COLLOID 
FORMATION 

The major characteristics of the radionuclides that are expected to affect disposal system 
performance are (1) solubility and (2) the tendency to form or sorb to colloidal particles. Except 
for direct release from drilling (cutting) and caving, in which particles containing radionuclides A 

will be released with circulation of drilling mud, radionuclides are mobilized for transport from 
the repository either in brine or as colloidal particles transported by brine. Gas-phase transport is 
not expected to occur (see Appendix SCR, Section SCR 2.6.5). 

All isotopes of a particular radioactive element exhibit essentially identical characteristics: 
solubility, colloid formation, and sorption. 

Solubility and colloid formation are discussed for: thorium, uranium, neptunium, plutonium, and 
americium. The experimental determination and modeling of solubility and colloid formation, 
and the manner in which they are taken into account by performance assessment, are discussed in 
detail in Appendix SOTERM, Sections SOTERM.4 through SOTERM.6 when relevant to 
performance assessment. Cesium and strontium are assumed to be extremely soluble and their 
concentrations will be limited by their inventories (see Section WCA.3.2.2). Thus, the two 
elements are not considered in this section. Radium is excluded from the source term because of 
its short half life. 

Actinide mobility depends on the particular chemical environment (brine pH, fugacity of CO,, 
redox potential, organic ligand concentration, etc). That environment will be controlled by the 
MgO backfill reacting with brine, steels, cellulosics, plastics, and rubber. MgO backfill is added 
to mitigate the effect of CO, generated by microbial degradation of organic materials. The 
mechanism of the control is discussed in Sections WCA.8.9 and WCA.8.10, and in Section 
SOTERM.2 of Appendix SOTERM. 
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WCA.4.1 Components and Characteristics Influencing Solubility 

In the absence of the MgO backfill, the factors that would most directly affect solubility in the 
repository are pH, CO, fugacity, redox conditions, the availability of complexing agents, and the 
source of brine (brine composition) (clearly not a waste characteristic). The important waste 
components that affect actinide solubility are steels, cellulosics, plastics, rubber, organic ligands, 
and cementitious materials. Actinide solubility also depends on temperature. However, the 
temperature in the repository will remain almost constant (about 300 K) and the thermal effect of 
exothermal chemical reactions among brine, waste component, and MgO will be negligible (see 
WCA.5.3.1 and WCA.8.15). Repository pressure does not influence solubility until it is at least 
an order of magnitude higher than lithostatic pressure and this will not occur (Butcher et al. 
1991). The following subsections discuss the influence of waste characteristics and components 
on each of these factors, as well as those that have little or no influence on solubility. 

WCA.4.1.1 Components Influencing Redox Environment 

The components of the waste that greatly influence the redox environment in the inundated 
WIPP repository are steels and biodegradable organic materials (cellulosics, plastics, and rubber). 
The radionuclides contributing to the brine release source terms are all actinides. Because of 
their electronic structure, these elements can form a wide variety of inorganic compounds that 
dissolve in aqueous solutions like brine in several different valence or oxidation states. In the 
WIPP environment, the solubilities of these compounds can vary from about M to about 10.' 
M (see Appendix SOTERM). In general, for both plutonium and the other actinides, the higher 
oxidation states (V and VI) are more soluble than the lower oxidation states (I11 and IV). The 
redox environment determines which of these oxidation states are likely to be stable in solution 
under WIPP conditions-an important determinant of solubility because of the differences 
among oxidation states. Although a detailed discussion of the experimental determination of 
oxidation state distribution is found in Appendix SOTERM.4, a brief discussion is given here. 
The bibliography of Appendix SOTERM also includes documentation of the experimental 
program. 

Anoxic conditions will be dominant during the whole time period of 10,000 years. A small 
amount of oxygen, trapped at emplacement, will be used quickly by oxic corrosion and microbial 
action. Anoxic steel corrosion will produce both hydrogen and Fe(OH), (Section WCA.8.17). 
Experimental work described in Appendix SOTERM.4 has shown that both metallic iron and 
Fez+ (Fe(OH),) in simulated WIPP brine, under anoxic conditions, will reduce Pu(+VI) 
stoichiometrically to the much less soluble Pu(+IV). Pu(+V) is seen in this chemical reaction as 
an unstable intermediate. It is expected, therefore, that Pu(+VI) and P(+V) will not be stable in 
solution in WIPP brines. The iron in the drums and waste boxes is enough to provide several 
thousand-fold excess over what is needed stoichiometrically, even if all the emplaced plutonium 
existed in the +VI oxidation state. The other metals in the waste may also be able to reduce the 
actinides, but their effect would be negligible compared to the effect of iron, because they are 
present in smaller quantities. 
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The oxidation state distribution used in performance assessment, based on experimental data as 
well as the published literature, is (Katz et al. 1986, 917,970, 1135 and following; Hobart 1990; 
Clark et al. 1995; Feimy et al. 1996; Rai and Strickert 1980; Rai et al. 1982; Kim et al. 1985; 
Pryke and Rees 1987; Nitsche and Edelstein 1985): -. . 

, , 

thorium: +IV 
uranium: +IV and +VI 
neptunium: +IV and +V 
plutonium: +I11 and +IV 
americium: +I11 

Curium exhibits essentially the same chemical behavior and oxidation state as americium. In 
performance assessment, half of the realizations will include the lower oxidation states of 
uranium, neptunium, and plutonium; the other half will include the higher oxidation states 
(Appendix SOTERM 4.7; Katz et al. 1986; Weiner 1996). 

WCA.4.1.2 Components influencing pH and CO, Fugacity 

In the absence of the MgO backfill, actinide solubility would be highly dependent on pH and CO, 
fugacity of the brine. Lower pH and higher CO, fugacity result in higher actinide solubility A 

(Appendix SOTERM). Original Salado and Castile brines exhibit pH values of about 6 and 7, 
respectively (Brush 1990, Tables 2-2 and 2-3). The production of carbon dioxide by microbial 
degradation in the repository would acidify the brine and lower the brine pmH to about 4.5, if no 
MgO backfill were added (Appendix SOTERM.2). Microbial CO, production can be described 
by the following sequential reactions (Section WCA.8.17): 

Nitrate and sulfate are used as electron acceptors in these reactions and determine CO, yield per 
mole of organic carbon. Based on the inventory estimates for nitrate and sulfate, over 90% of 
organic materials (cellulosics. plastics, rubbers) will be biodegraded via the third reaction, 
methanogenesis, in which one mole of organic carbon will produce half a mole each of CO, and 
CH,. 

Based on the inventory estimate for organic carbon and the estimated CO, yield per mole of 
organic carbon, to mitigate the negative effect of microbially produced CO,, 2 x lo9 moles of 
MgO will be added to the repository as a backfill (USDOE 1996; WCA.8.17). The waste 
components of organic carbon, nitrate, and sulfate here are used to determine the amount of MgO - 
needed. The hydrated MgO backfill will react with CO,: 

October 1996 WCA-32 DOUCAO 1996-2184 



Title 40 CFR Part 191 Compliance Certification Application 

Mg(OH), + CO, = MgCO, + H,O. 

The above reaction will buffer the prnH at approximately 9.4 in Salado brine and 9.9 in Castile 
brine and CO, fugacity at 10.' (atm) for both brines. Actinide solubility calculated for the brine 
in equilibrium with Mg(OH), and MgCO, is minimal (Appendix SOTERM.3). 

Cementitious waste (that contains calcium oxide) could also be expected to raise the pH, and the 
waste is currently estimated to contain about a total of 8.54 x lo6 kg cementitious material 
(Section WCA.8.13). This amount of cementitious material contains about 8 x lo6 moles of 
Ca(OH)?. However, this amount of Ca(OH), will be not enough to affect pH or brine composition 
significantly. It is shown that Ca(OH), will be consumed easily by reaction with microbial 
generated CO, or with MgCI, in the Salado brine and thus the repository chemistry will be 
dominantly controlled by the Mg(OH), / Mg CO, buffer, rather than the Ca(OH), 1 CaCO, buffer 
(Sections WCA.8.9 and WCA.8.10). Because the excess of MgO will be added, other 
components of the waste are unlikely to affect the pH in important ways. Y !' : 

WCA.4.1.3 Waste Components That Directly Enhance Solubility 

A number of organic compounds are capable of forming strong complexes with actinide ions, 
thereby stablizing the actinide in the solution. The TWBIR (USDOE 1996) initially identified 
about 60 organic compounds in the waste (Drez and James-Lipponer 1989; Brush 1990; Section 
WCA.8.11). Four of these (acetate, citrate, oxalate, and EDTA) have been identified to have an 
effect on actinide mobility, because they are water-soluble and present in significant quantities 
(WCA.8.11). 

Ligand concentration in the repository was estimated using inventory amounts of ligands and a 
brine volume equal to 75 percent of the total repository volume of 29841 m3-the minimum 
brine for significant brine release to occur (Section WCA.8.12). The ligand concentrations are 
estimated to be: acetate : 8 x lo4 M; oxalate : 2 x 10" M; citrate: 4 x 10.' M; and EDTA: 2 x 
10" M (Section WCA.8.12; Appendix SOTERM.5). 

The effect of these organic ligands on the solubility of actinides in both Salado and Castile brines 
has been studied, and is discussed in detail in Appendix SOTERM.6. Modeling predicts that for 
the amount of these complexants expected to be emplaced in the repository, the concentration of 
americium and plutonium in solution is increased by less than 18 percent in the simulated Salado 
brine; in this brine, about 88 percent of the EDTA, 98 percent of the oxalate, 74 percent of the 
acetate, and 65 percent of the citrate is bound with Mg. In simulated Castile brines, which have 
much lower Mg concentrations, modeling predicts increases of americium and plutonium 
concentrations less than a factor of 8. Even so, about 40 percent of EDTA is bound with Mg 
(Novak and Moore 1996; Appendix SOTERM.6). 

To estimate the effectiveness of other metals in binding organic ligands and thereby reducing the 
free ligand concentrations, some simple competition calculations were performed using 
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parameters obtained in dilute solutions, because parameters for concentrated salt soIutions like 
the WIPP brines are not available. These metal species include iron (Fe), nickel (Ni), chromium 
(Cr), vanadium (V), and manganese (Mn), because the steels used for the waste drums contain on 
average at least 0.001 weight percent of Ni, Cr, V, and Mn as minor constituents. Based on at 
least 1.9 x lo9 moles of steels destined to be disposed of in the WIPP, there should be at least 1 x 
lo4 moles of each of Ni, Cr, V, and Mn in the repository (Appendix SOTERM). There are also 
expected to be more than 6 x lo7 moles of Pb. Additionally, several other metals that can 
sequester organic ligands will be present in some of the waste forms. 

Table WCA-9 presents complexation constants for several metals with EDTA. These values 
were measured in dilute solution. For comparison, for EDTA in 5 molal NaC1, the magnesium 
association constant is log K,, = 6.6 (Martell and Smith 1982). 

Table WCA-9. Complexation Constants for Selected Metals* 
* -- ,./ 

log K ,t Species 

Pb2' 18 

* From Martell and Smith (1982). 

To assess the ability of these metals to sequester the organic ligands, the calculations for 
competition between these metals and actinides for organic ligands were performed by the DOE. 
The calculation results show that under expected WIPP conditions, 99.8% of the EDTA was 
complexed by Ni, effectively rendering it unavailable for complexation with the actinides 
(Appendix SOTERM). 

WCA.4.2 Components and Characteristics Influencing Colloidal Actinide Mobility 

The waste components that directly contribute to actinide colloid formation include mineral 
fragments, and humic substances (soil). Cellulosic materials, plastic, and rubber can contribute 
to the quantity of humic colloids. Actinides can form intrinsic colloids or can be sorbed on to 
nonradioactive colloidal particles. A complete discussion of colloid formation in the WIPP can 
be found in Appendix SOTERM and Sections WCA.8.4 through WCA.8.8. 
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In principle, intrinsic colloids are formed by condensation (or polymerization) of hydrolyzed 
actinide ions. Examples of polymeric species of many of the actinides of importance to the 
WIPP have been found in the literature (see Papenguth and Behl 1996, for an extensive literature 
review). However, except for Pu, the intrinsic colloids of other actinides (Am, U, Th, and Np) 
do not develop to sizes large enough to affect transport behavior of these actinides relative to 
their dissolved form (Appendix SOTERM.6). Therefore, the intrinsic colloid concentrations for 
Am, U, Th, and Np will be modeled as zero in the disposal room and only intrinsic plutonium 
colloid will have anv i m ~ a c t  on ~erformance. Pu(IV) readilv forms an intrinsic colloid: evidence . A , , 

suggests that the initial polymerization, or condensation, of hydrolyzed Pu(1V) produces a 
macromolecule that becomes progressively more crystalline with time. As the Pu . - 
polyelectrolytes mature, they are expected to be kinetically destabilized and immobilized by the 
high ionic strength of the WIPP brines, then coagulate and settle out of solution (Appendix 
SOTERM). 

Within the repository, mineral fragment colloids could form from corrosion of iron-bearing 
waste, soils, and portland cement-based matrices. Because a wide range of mineralogies with 
different sorptive behavior are present at the WIPP, a bounding approach was used to estimate 
the maximum concentration of actinides bound to mineral fragment colloids (Appendix 
SOTERM). Mineral fragments are expected to be kinetically destabilized in the high-ionic 
strength brines present in the disposal room. Experimental information, combined with a 
conservative estimate of adsorption site density, provided a most likely value of 2.6 x mole 
of colloidal mineral-fragment-bound actinides per liter of dispersion; the experimental results 
were increased by a factor of two to account for the possibility that the indigenous mineral 
fragment colloids in the Culebra could sorb dissolved actinides. This value is presumed to be the 
same for all five key actinides. Although mineral fragments contribute to actinide mobility and <' 

are included in performance assessment, their contribution is negligible and they will not impact 
repository performance. 

Humic colloids will be present in the repository, both (a) in soil and humic material that is part of 
the emplaced waste and (b) in colloids that will be formed if the cellulosic, plastic, and rubber in 
the waste is microbially degraded. The contribution of humic colloids to repository performance 
is therefore calculated by quantifying humic-actinide complexation coupled with solubilities of 
humic substances in WIPP brines and expressing the result as the ratio of moles of humic-bound 
actinide to moles of dissolved actinide. The detailed ratios for the WIPP brines are given in 
(Papenguth 1996; Section WCA.8.4; Appendix SOTERM). The range of ratios is from about 4.3 
x lo4 to about 6.3 in Castile brine and from about 5.3 x to about 6.3 in Salado brine. 

To compute the concentration of actinides bound to humic substances, several parameters, such 
as solubility of humic substances, site binding capacity, actinide complexation factors, and 
stability constants, were measured or obtained from published literature (Section WCA.8.7). The 
oxidation state analogy was also used to develop parameter values for actinides expected to have 
multiple oxidation states in the WIPP disposal room. In addition, the theoretical maximum 
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concentration of actinides that can be bound to humic substances was also computed and found 
to be 1.1 x 10.' M (Appendix SOTERM). 

The other major source of colloidal material in the repository is the microbes themselves, though 
they are not necessarily waste components. Microbes are known to actively bioaccumulate 
actinides intercellularly as well as act as substrates for passive extracellular sorption. Naturally 
occurring halophilic and halotolerant microbes have been observed in the Salado brines at the 
WIPP site (Brush 1990; Francis and Gillow 1994). The waste material in the disposal room will 
serve as a nutrient and substrate for microbes, and consequently increase the microbe population, 
making them potentially important to actinide mobility. 

The uptake of actinides by microbes and humic substances is quantified through two parameters 
for each actinide and substrate (Table WCA-2): proportionality constants (with performance 
assessment parameter designations PROPMIC, PHUMSIM, and PHUMCIM) describing the 
amount of each actinide bound to mobile microbes and humic colloids, respectively, and the 
maximum concentrations (CAPMIC and CAPHUM) of each actinide associated with mobile 
microbes and humics, respectively. As discussed above, the concentrations of mineral-fragment- 
bound actinides and intrinsic actinides are very small, and are presented as concentrations 
(CONCMIN and CONCINT) only. A series of bioaccumulation and toxicity experiments 
(Sections WCA.8.4 to 8.8; Appendix SOTERM) were performed to obtain the following values - 
of performance assessment parameters for each actinide shown in Table WCA-10. 

As evident in Table WCA-10, microbial colloids can transport concentrations of actinides that 
are several multiples of the dissolved concentration, and thus increase the potential for actinide 
mobility considerably. Humic colloids are waste components, and microbial colloids increase in 
quantity as they metabolize waste components. Both types of colloids are incorporated in 
performance assessment (details are discussed in Appendix SOTERM.7) and are expected to 
affect disposal system performance. 

WCAJ NONRADIOACTNE WASTE COMPONENTS AND CHARACTERISTICS 

WCA.5.1 Gas Generation 

The waste components that contribute to gas generation are: (a) ferrous and nonferrous metals, 
(b) cellulosics, plastics, rubber, and (c) nitrate and sulfate. 

The mechanisms and reactions for gas generation are discussed in Section WCA.8.17. 

Metals contribute to gas generation through corrosion. The anoxic corrosion reaction of iron in 
the WIPP is 

Fe + 2H20 - Fe (OH), + H2(g) 
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Table WCA-10. Colloid Concentration Factors 

Concentration Concentration Proportion Maximum Proportion Sorbed on Maximum 
on Mineral as Intrinsic Sorbed on Sorbed on Hnmics** Sorbed on 
Fragments* Colloid* Microbes** Microbes' Humics* 

Salado Castile 

Th 2.6 x 10.' 0.0 3.1 0.0019 6.3 6.3 1.1 lo-5 

Am 2.6 x 10.' 0.0 3.6 N A 0.19 1.1 1.1 x lo-5 
* in units of moles total mobile actinide per liter 
** in units of moles microbial actinide per moles dissolved actinide 

The hydrogen gas produced by this reaction contributes to total gas pressure, but does not affect 
repository chemistry. In addition, steel corrosion will consume water in the repository; this effect 
is taken into account in computer code BRAGFLO. Nonferrous metals such as alumimum 
alloys also corrode, producing Hz, but their contribution to total gas pressure is negligible, 
because they are present in much smaller quantities than iron (TWBIR; USDOE 1996). 

Cellulose materials, plastic, rubber, nitrate and sulfate control microbial gas generation. 
Cellulosics, plastics, and rubbers will be used as substrates by anaerobic microbes in the WIPP. 
Nitrate and sulfate will be used as electron acceptors by microbes to oxidize the organic 
materials. Organic materials will be biodegraded through reactions (Section WCA.8.17) 

C, HI, 0, + 4,8H+ + 4.8 NO, - + 7.4H20 + 6C0, +24N2(,, i'" 

The above reactions will proceed sequentially according to the energy yield per mole of carbon in 
each reaction. Based on the inventory estimates for nitrate and sulfate, the third reaction is 
expected to be dominant. Because the CO, produced by these reactions will be removed by 
reaction with the MgO backfill, the methane is a major microbially generated gas that will 
contribute to the total gas in the repository. 
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Phosphate in the waste may enhance microbial activity in the repository. The rates of cellulosics 
biodegradation used in performance assessment are derived from the incubation experiments 
amended with nutrients including phosphate. Thus, the effect of phosphate on microbial 
reactions is captured indirectly in the parameters submitted to performance assessment (Francis 
and Gillow 1994). 

Based on the inventories of steels and organic materials and the rates of gas generation estimated 
by Wang and Brush (Section WCA.8.17), microbially produced gases may dominate early in the 
repository's history. Gas pressure does affect repository performance. Pressure in the repository 
may approach lithostatic, initiating or propagating fractures within the interbeds, and clay seams 
in the Salado. Gas pressure will not exceed lithostatic (Butcher et al. 1991) because gas can leak 
out through the interbeds. 

Gas pressure is incorporated into performance assessment through the specific variables 
identified in Table WCA-2 in BRAGFLO calculations. 

WCA.S.I.1 Waste Fluid Content 

The initial water content of the waste contributes to generation of gas because it defines how 
much brine is immediately available for the corrosion reaction. All of the liquid in the waste is - 
assumed to be aqueous with no volume correction. A mean value of 0.06 percent, is assumed in 
performance assessment for the initial free unbound water saturation of the waste, based on waste 
characterization data and transportation restrictions on the amount of free liquid that the waste 
can contain (Appendix PAR, Table PAR-39; Butcher 1996). 

Materials such as dry portland cement, vermiculite, and other sorbents have intentionally been 
added to the waste to absorb any excess water that may be present. Sorbed water is much less 
readily available than any brine available from the surrounding rock. Therefore, the effect of 
initial water content on gas generation is negligible. 

WCA.5.2 Components and Characteristics Influencing Physical Properties 

As noted in Tables WCA-2 and WCA-3, the following physical properties of the solid waste 
components are used in performance assessment: 

Expected Significant Effect on Disposal System Performance: 

Compressibility: this affects the creep closure, and the porosity of the waste. 

Shear Strength: the amount of material released directly on a drilling intrusion, calculated as 
cuttings, cavings and spalling, depends on the erosion and the spall strengths of the 
waste at the time of the intrusion, which in turn depend on the time-dependent extent - 
of waste consolidation. 
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Expected Negligible Effect on Disposal System Performance 

Porosity: effects on brine movement in the waste. Also controls the maximum volume that 
can exist in the waste for potential saturation with radionuclides or gas storage 

Permeability: effect on brine movement in the waste 

WCA.5.2.1 Compressibility 

An important characteristic of the WIPP repository is the closure of the disposal rooms over 
time due to the creep response of the surrounding salt in response to the presence of the 
mined openings. This ability of salt to deform with time, eliminate voids, and create an 
impermeable salt barrier around waste is one of the principal reasons for locating the WIPP 
repository in a bedded salt formation, as suggested by the National Academy of Sciences 
(NAS-NRC 1957). This closure process is rather complex, and the rate at which it occurs 
depends in large part on the balance of forces tending to close the repository (the far-field 
lithostatic stresses) and those resisting the closure. These resisting forces are the tendency of 
the waste to resist deformation, measured in terms of its compressibility, and the effect of any 
gas pressure within the rooms. 

PIX-'-.%s 

The condition of the waste at any time can be represented in terms of its porosity, which . . . .: i. 

gives a measure of the pore volume available for storage of generated gas or brine. A i : ' .; ',, 
8 

i 

subcategory of this issue is that release may depend on how much contaminated brine existi , 1 .. :; i 
: ~ .,, * 

in the waste before the intrusion, which depends on the waste porosity. \ : ? .  . .  
\, .. . ., 
.\ . if i 
"b-1 

The compressibility of the waste has been determined from a series of laboratory tests on 
simulated waste materials, which are described in detail in Butcher et al. 1991. These 
included small-scale compaction tests, as well as a number of tests on full-scale waste drums 
filled with simulated waste materials. In these tests the materials used were simulations of all 
of the main classes of waste anticipated at the WIPP, including metallics. combustibles. - 
cellulosics, and sludges. Waste compressibility wasdetermined by combining the indihdual 
compressibilities of the different waste types in the proportions expected at the WIPP. 

The conceptual model for creep closure assumes that compaction takes place before complete 
degradation. This assumption is borne out by observation of microbial gas generation rates. 
Estimates of degraded waste response suggest that the porosity of the corroded and 
biodegraded waste would be comparable to that of the unreacted waste, even though the 
cellulosics have been totally consumed (Luker et al. 1991). A volumetric plasticity model of 
the waste is used (Weatherby et al. 1991). The model andthe experimental data sipporting it 
are described in Butcher et al. (1991) and Callahan (1993). 
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WCA.5.2.2 Strength ..-.A 

Strength of the waste is important in evaluating the potential for release due to caving or 
spalling following an inadvertent human intrusion. As described in Appendix CUTTINGS, - 
skid waste can be released through a borehole by erosion of the borehole walls by circulating 
drilling mud (caving), and by suspension in gas released from the repository during a high 
pressure blowout (spalling). Cavings are controlled in large part by the erosional shear 
strength of the waste, which is based upon analogy to deep-sea sediment erosion, which 
provides a minimum, conservative estimate of this property. Spalling is controlled largely by 
the velocity of gas flow, and the particle diameter, but is limited by the tensile strength. As 
argued by Berglund et al. (1996), a tensile strength of the waste of 1 psi may be established 
from a study of analog materials, and a consideration of mechanisms in the repository, 
including salt precipitation. 

WCA.5.2.3 Permeability 

Fluid flow within a disposal room affects the fluid distribution in the waste and backfill, and 
the flow of brine and gas within the room and repository. Both waste permeability and liquid 
present in the waste can affect fluid flow. 

The permeability of the waste at a given time can influence repository performance by 
controlling how rapidly gas or brine can flow through the waste. The WIPP waste region is 
confined between layers of very low permeability (intact halite permeability ~ 1 0 ~ ~ '  square 
meters). Therefore, the waste is much more permeable than the halite and may be expected to 
be the dominant path for fluids flowing into and through the repository. The flow path 
through the repository will be short in comparison to the external flow paths for brine 
migration (through seals and up shafts or boreholes, etc.). Thus, assuming a permeability of 
about square meters is analogous to assuming that there is little restriction of flow of 
either gas or brine within the waste. 

The mean permeability of waste on the scale of a drum is 1.7 x 10." square meters, based 
upon laboratory data reported in Luker et al. 1991. For the preliminary performance 
assessment (WIPP PA Dept. 1993) a median value of l x  10-l3 square meters used, and was 
assumed to be independent of porosity (WIPP PA Dept. 1993, Table 3.4-l,3-56,3-57). Any 
time-dependent variation in permeability has been shown to have no significant effect on 
system performance. 

WCA.5.3 Components and Characteristics Affecting Heat Generation 

Heat generation is a characteristic of some components of the waste, or of their interactions. 
The WIPP includes two possibly significant sources of heat: the heat generated by RH-TRU 
waste (USDOE 1995) and the heat generated by MgO hydration and carbonization, steel 
corrosion, aluminum corrosion, and organic biodegradation. 
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WCA.5.3.1 Exothermal Reactions 

MgO hydration and carbonization, steel corrosion, aluminum corrosion, and organic 
biodegradation are all exothermal reactions. Evaluation of the ability of each of these 
reactions to produce heat while conservatively accounting for the repository's ability to 
dissipate the resulting heat generated has provided the following maximum temperature 
increases (Wang 1996: WCA 8.15), as shown in Table WCA-11: 

Table WCA-11. Maximum Temperature Increases 

Reaction Number Maximum Temperature Increase (K) 

MgO hydration 5 

Mg(OH,) carbonization 

Steel corrosion 

Microbial degradation 1 

Aluminum corrosion 7 

In the worst case, a temperature increase of 7 K could be experienced. However, these 
temperature extremes will not persist, if they are ever reached at all. Because all but one 
reaction consume brine, possible reactions will be competing with each other for what brine 
may enter the repository and will therefore temper the heat increase that could be predicted 
based on the most exothermic reaction alone. To evaluate the worst case possible, for the 
maximum temperature increase to be realized from the corrosion of aluminum, all of the 
aluminum would have to be corroded within 2.5 years, after which the heat would be 
dissipated very rapidly. Therefore, if such a condition were to be created, it would be 
transitory on the repository time scale and its influence inconsequential. 

The effect of small temperature increases arising from exothermal reactions has previously 
been screened out of the performance assessment on the basis of low consequence to factors 
such as creep closure, seal performance, transport, etc. (see Appendix SCR.2.5.7). The effect 
of heat generated by radiolysis has been considered as part of the repository conditions 
(Brush 1990) and utilized in the specification of experimental parameters, thus yielding data 
consistent with the anticipated conditions. Additionally, the small temperature increases 
cited above for exothermic reactions are insignificant to the thermodynamic modeling of 
solubility. For example, a temperature increase of 7 K (the maximum temperature increase 
possible) would result in an approximately 3 percent change in the free energy of formation 
of any species contained within the model. This value is well within the model parameter 
bounds. 
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The "worst case" heat load from RH-TRU emplaced in the WIPP is estimated to be b 
71 and 82 watts per cubic meter, which would result in a temperature rise near the " 
case" RH-TRU canister between 2.85 K and 3.19 K . The expected WIPP average 
temperature increase from RH-TRU heat loading is between 0.38 K and 0.49 K . The 
TRU thermal heat load is small enough that there is no anticipated impact on repository 
performance. A complete discussion and analysis is given in Section WCA.8.16. 

WCA.6 SUMMARY 

The waste characteristics and components expected to be most significant to performance are 
the predominant radionuclides and those characteristics and components affecting actinide 
mobility. The waste characteristics and components expected to be significant to 
performance are summarized in Table WCA-12: 

Table WCA-12. Waste Characteristics and Components Expected to be Most 
Significant to Performance 

CharacteristidComponent Reason for Significance 

Pu-239, Pu-240, Am 241 

Pu-238 

solubility of Pu and Am 

U-238 

iron 

U-233, and U-234 99 percent of EPA unit after 2,000 years 

dominates EPA unit at early times 

large EPA unit; mobility depends on solubility 

very low activity; dilutes higher-activity uranium 
isotopes for brine-based releases 

cellulose, plastic, rubber, nitrate, sulfate 

1. maintains reducing environment so  that lower, 
less soluble oxidation states of actinides 
predominate 

2. corrodes to produce hydrogen, increasing gas 
pressure; 

microbial nutrients that are metabolized to methane 
and several other gases, increasing gas pressure; 
formation of colloids 

humic materials, cellulose breakdown products form humic colloids that sorb and transport 
actinides 

nonferrous metals prevent increase in actinide solubility by binding 
with ligands 

waste shear strength important to spalling and cavings - 
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It should be noted that thesc components and chliracreristics have both positive and negative 
effects on performance. Iron has a beneficial effect because i t  reduces actinides to lower, less 
soluble oxidation states. Nonferrous metals are beneficial because they bind organic ligands, 
thereby sequestering them. Mobility enhancers like colloidal substrates. on the other hand, 
have 'det&ental effect. Gas buildup can both enhance and detract from repository 
performance. Although gas can open fractures, it can also keep brine from entering the 
repository, thereby reducing transport of soluble actinides (WIPP PA Dept. 1992). 

Table WCA-13 summarizes those characteristics and components with an insignificant 
impact on performance. 

Table WCA-13. Waste Characteristics and Components Expected to be 
Not Significant 

Characteristics/Component Reason for insignificant impact 

Radionuclides other than those in Table WCA-12 EPA unit is negligible fraction of total, even with 
ingrowth 

substances that may affect pH* pH is buffered by MgO backfill 

substances that produce CO,* CO, is removed by reaction with MgO backfill 

intrinsic and mineral fragment colloids fraction of actinides mobilized by these colloids is 
insignificant 

organic ligands removed by binding with Mg and nonferrous metal 

heat generated by exothermic reactions Heats of formation are small and thermal mass of 
repository is large so that temperature rise is 
negligible. 

Fluid in the waste negligible compared to brine volume 
* These components are significant for gas generation, but not for actinide solubility. 
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PREFACE TO ATTACHMENT WCA.8.1 

Title 40 of the Code of Federal Regulations (CFR) 5 194.31 states that 

The release limits shall be calculated according to part 191, appendix A of this chapter, 
using the total activity, in curies, that will exist in the disposal system at the time of disposal. 

Making an exact assessment of the total activity (the radionuclide inventory) at the time of 
disposal (2033) requires assessing the total activity, in 2033, of three categories of contact- 
handled transuranic (CH-TRU) waste. 

Category 1: the stored, "legacy" waste; CH-TRU waste that currently exists, is packaged, 
and has been inventoried and decayed to the year 1995. 

Category 2: future waste that has already been generated; CH-TRU waste that currently 
exists and has been identified, is not packaged, and has not been inventoried for shipment to 
the Waste Isolation Pilot Plant (WIPP). 

Category 3: future to-be-generated waste; CH-TRU waste that has not been identified. 

Categories 2 and 3, the projected waste, comprise 66% of the WIPP waste by volume 
(Transuranic Waste Baseline Inventory Report [TWBIR], DOE 1995, p. 3-1). 

Category 1 waste has already been inventoried and the inventory data can be readily decayed 
to any common base year (that is, to 1995, as is done in the TWEHR). Category 2 waste is 
expected to be similar to Category 1 waste, and could thus also be assessed at any common 
base year (for example, 1995). The Category 1 and 2 inventories can also be decayed to any 
other common year such as the year of closure, 2033. However, Category 3 waste is not 
necessarily similar to the other two categories and therefore should be estimated separately on 
a year-by-year basis as it is generated. Then each yearly contribution should be decayed 
separately to the closure year (2033). 

TWBIR data collection methods estimated Category 3 data in the same manner as Category 2 
data, and prorated Category 3 data accordingly. Thus, Category 3 data are estimated at 1995 
instead of the later years during which the waste would be generated. Additional decay 
calculations of Category 3 data would result in over-decay of the inventory. For example, ,< 

waste assayed in 2030 should be decayed for only three years to 2033; decaying such waste '.. _ 
for the 38 years from 1995 to 2033 would result in an underestimate, particularly since the 
fraction oiprojected waste that is Category 3 cannot be determined. 40 CFR $ i94.31 
requires assessing the radionuclide inventory at the time of closure, that is, the year 2033. - 
 his can be done readily for Category 1 andcategory 2 data. Because the category 3 data 
were not separated from the Category 2 data, decaying from 1995 to 2033 underestimates 
portions of the Category 3 inventory by between one and 37 years of decay. 

Because Category 3 wastes cannot currently be assessed separately from Category 2 wastes, 
there are two alternatives for calculating the waste unit factor: (1) calculation on the basis of 



the entire inventory decayed to. 1995 or (2) calculation on the basis of the entire inventory 
decayed to 2033. The first yields a waste unit factor of 4.07 x lo6, and the second, a waste 
unit factor of 3.44 x lo6. The waste unit factor determines the normalization factor used in 
calculating the release limit, according to Table 1 of 40 CFR Part 191 Appendix A. The 
curies of radionuclides are divided by the release limit to determine the EPA units. All else 
being equal, a smaller release limit (and thus a smaller waste unit factor) is the more 
conservative of the two possibilities. Therefore, the entire inventory is decayed to 2033 for 
the performance assessment calculations as specified in 40 CFR 5 194.3 1 above. 

Attachment WCA.8.1 states that the inventory decayed to 1995 is used. However, as 
described above, in keeping with the specification of 40 CFR 5 194.31 the inventory decayed 
to 2033 is used instead. 

Reference: 

DOE (U. S. Department of Energy). 1995. Transuranic Waste Baseline Inventory Report, 
Rev. 2, DOEICAO 95-1 121, Carlsbad, NM. 
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date : April 24, 1996 
to : M. Martell, Org 

4-&-/ 
from : L. C. Sanchez, Fax-848-0705 

subject : Justification For Choice of CCA Radionuclide Values 

This memo gives the justification for the choice of the radionuclide data and their 
corresponding "Unit of Waste" value to be used in the 1996 WIPP CCA PA calculations. 
These data are obtained directly from the Transuranic Waste Baseline Inventory Database 
( M I D ) .  These values supersede the published values in Rev. 2 of the Transuranic Waste 
Baseline Inventory Report (TWBIR, Ref. BR-2) and are intended for use in WIPP PA cal- 
culations until Rev. 3 TWBIR data are available. 

The concern that arose while generating the "Unit of Waste" value was: At what calendar 
year should the radionuclide decay values and the "Unit of Waste" correspond to? Obvi- 
ously, the answer is that they should be evaluated at the year that WIPP is decommis- 
sioned, which is expected to be the year 2033. The problem at hand is that the TWBW 
data is all evaluated at the year 1995 and these data values are comprised of two key com- 
ponenrs: 1) stored (legacy) and 2) future (projected and scaled) waste. The stored radionu- 
clide inventory data are comprised of data values from many individual years (representing 
annual assessment made from 1970 + 1995). The stored values are easy to deal with 
because they have already been "decayed to a common base year of 1995 (i.e., 1970 
values are decayed to 1995, and 1971 values independently decayed to 1995, and so on). 
These decay calculations (SNL-3) were performed prior to the projection and scaling 
operations for future generated waste (see discussions in Ref. BR-2). Thus, they can 
easily be decayed to any future base year. The problem, therefore, resides only with the 
future waste. Unfortunately, the TWBW does not contain sufficient data from the waste 
generation sites to predict radionuclide inventories in the future. However, the waste gen- 
erator sites can make some predictions of the volumes of waste that may be expected to be 
generated in the future based on process knowledge available at the sites. The methodol- 
ogy used within the TWBIR is to estimate the future radionuclide inventories by multiply- 
ing the future volumes by the curie density (Civol) of the stored radionuclides. This 
approach makes it impossible to properly decay these data values to the base year of 2033. 
This is because TWBW future values are already decayed from as far back as 1970 to the 
base year of 1995. Added decay of this data to the year 2033 would result in a portion of 
the data being decayed in excess of 38 years. Thus, this approach would yield non- 
conservative estimates (under-estimated values) for key radionuclides. An additional com- 
plication is that the majority of the radionuclide inventory is dominated by future gen- 
erated radionuclides and each radionuclide has different breakdown of stored versus future 
inventory values (see Tables 1 and 2). The preferred approach would be to identify future 

h radionuclide inventories on a yearly basis using curie densities based only on the last year 
production (undecayed) rates. Thus 1996 values could be deciyed to the base 
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year of 2033 independently of the 1997 values (plus later yearly values). Since this is not 
currently possible within the TWBID, it was decided to apply the 1995 (stored and future) 
data to the year 2033. Thus, radionuclide inventory data will be slightly conservative. This 
will only be of some importance in the early human inhusion scenarios. At later years the 
difference in radionuclide estimates due to the delta time of 38 years will be minuscule. 

To identify if there are any significant impacts of applying 1995 data to the base year of 
2033, a set of ORIGEN2 (Ref. OR-1) decay calculations were performed. These calcula- 
tions decayed the 1995 TWBW values to the year 2033 and then values for the Unit of 
Waste and EPA Units calculated. Detailed calculations for the Unit of Waste and the EPA 
Units for 1995 data are showned in Tables 3 and' 4. Results of ORIGEN2 decay calcula- 
tions are showned in Table 5 (slight differences in 1995 curie values presented in Table 5 
versus those presented in Tables 3 and 4 are due to conversion errors when translating 
input curie values into mass units for ORIGENZ and also in the translating output mass 

, . values into curies). The most important finding from Table 5 is that the cumulative EPA 
Unit for 2033 base year is nearly the same as that for a base year of 1995. The reason for 
this is that over the first 38 years, the cumulative inventory of the key radionuclides that 
conmbute to the EPA Unit decay at a rate comparable to that of the Unit of Waste. This 
is more easily observable at the bottom of Table 5 which shows the top four radionuclides 
of importance. As can be seen, while some radionuclides decay rapidly with time, some 
increase due to in growth. And the overall effect is that during this small time period the 
EPA Unit is essentially constant. 
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Table 1. 
WIPP CH TOTAL (1995 DECAYED) CURIES (a) 

Stored 

1.94E+00 
2.8OE-01 
3.76E-01 
6 . 5 6 E 4  
4.14E-09 
3.1 1E-07 
239Ec05 
2.34E-01 
2.35E-01 
1.79Ec01 
1.27E-09 
1 .94Em 
2.96E43 
1 . % E m  
2.81E-01 
2.66E41 
1 . 9 4 E 4  
7 . 6 9 E 4  
8.73E-05 
4.20E-I1 
1 . 7 7 E 4  
6 . 5 5 E 4  
7.81E-07 
3.70E-02 
5.08E02 
3.20E-01 
1 S8E-03 

3 . 6 1 M 1  
1.54E-01 
l.llE+OO 
6 3 1 M 3  
1.76603 
4.28E-02 
1.34E-09 
3353-02 
1.34E-13 
6.27E41 
6.09E-03 
2.15E-04 
3.12E+03 
4.11E-11 
3.50E-05 
1 . 2 2 E 4  
1.1OEdM 
6.18E-01 
1.91E-05 
1.87E-07 
1 . 9 4 E 4  

Projected 

9.37E-01 
3.27E-01 
3.7OE-01 
9.12E40 
2.92E-09 
2.19E-07 
2.02EcOS 
1 . 5 l E m  
1.52E+00 
1.46JEcOl 
6.13E-11 
9.37E-01 
4.66E43 
9.12E-01 
3.27E-01 
4.59E-01 
9.37E-01 
3 .93Em 
4.23E-06 
1.64E-12 
9 .06Em 
9.12E40 
1.04E-06 
2.54E-02 
1.33E-02 
1.03E-02 
2.20E-03 
2.03W2 
9.84E-01 
1.61EcM) 
251Er04 
9.703-03 
5.92E-02 
1.87E-09 
5.593-02 
1.70E- 13 
1.78EdM 
732E-03 
2.87E-04 
4.93Ei.03 
1.25E-12 
0.00EdM 
3.30E-02 
4.89E-02 
3.27E-01 
0.00EdX) 
7.68E-08 
9.37E-01 

Total Ci 

2.88E40 
6.07E-01 
7.46E-01 
1.57E41 
7.06E-09 
5.31E-07 
4.42Ec05 
1 .74Em 
1.75EdX) 
3.25E+01 
1.33E-09 
2.88E+00 
7.62E43 
2.55EdX) 
6.08E-01 
2.70E41 
2 . 8 8 E 4  
1.16E41 
9.1 5E-05 
4.37E-11 
1.08E41 
1.57E41 
1.82E-06 
6.25E-02 
6.41E-02 
3.3OE-01 
3.77E-03 
239Ec02 
i . 1 4 ~ m  
2.71E+OO 
3.14E1.04 
1.15E02 
1.02E-01 
3.21E-09 
894E02 
3.04E-13 
6.45E+01 
1.34E-02 
5.01E-04 
8.05E+03 
4.UE-11 
3.5OE-05 
1 . 2 6 E 4  
1.14E+00 
9.45E-01 
1.91E-05 
2.64E-07 
2 .88Em 

Stored (%) 



Table 1 Continued. 
WIPP CH TOTAL (1995 DECAYED) CURIES (a) 

luclide (b) (1 Stored Projected 

4.5 1 E-03 
1.96E-03 
5.87E-07 
5.96E-03 
7.67E-08 
1.2'32- 10 
4.22E-13 
6.27503 
7.66E-01 
4.SZW1 
7.58E-03 
1.46E41 
3.04E-07 
1 3 4 E 0 1  
4.52E41 
4.35E-02 
3.35E41 
9.37E-01 
9.12E01 
3.27E-01 
4.59E-01 
3 . 9 3 E 4  
4.23E-05 
3.06E+00 
9.12E-01 
9.17E-04 
2.94E-0 1 
9.17E-Ol 
3 . 9 3 E 4  
3.27E-0 1 
4.59501 
3 . 9 4 E 4  
2.52E-02 
7.475 17 
2.063+06 
4 3 3 m 5  
1.41ECoS 
1.UE+06 
6.79E-142 
1.87E-09 
3.ME07 
3.27E-01 
4.59501 
9.37E-01 
3.94FA.00 
3.70E01 
1.37E-02 
3.27E-01 -- -- 

Total Ci 

8.38E-03 
8.68E-01 
7.04E-07 
2.02E-01 
8.5OE-04 
2.54509 
8.49E-12 
7.5E-03 
9.18E-01 
SdOEcOl 
8.76E-03 
3.25E+01 
1.50E-06 
4.SOE01 
5.60E+01 
5.14E-02 
3.95E+01 
2.88B00 
255E+OO 
6.08E-01 
2.70E+01 
1.16E+01 
7.41E-05 
7.86EcOO 
2.55EcW 
1.70E-03 
1.73E41 
2.81E+00 
1.16E+01 
6.08E-01 
2.70E4I 
1.16E41 
6.18502 
1 .ME-02 

2.61EcO6 
7.84FA.05 
2.lOEd)S 
230E+06 
1.17Ee03 
3.21- 
1.50E06 
6.08501 
2.70E41 
2.88E+00 
1.16E+01 
7.-01 
2.89502 
6.08E-01 

Stored ( %) 



Table 1 Continued. 
WIF'P CH TOTAL (1995 DECAYED) CURlES (a) 

Juclide @) Stored ====I== Total Ci 

2.70E+01 
1 .16E41 
2.89E-02 
1.21E-01 
1.35E-04 
9.64E-04 
4.35E-04 
1 .4KdM 
4.14E-06 
2.66E-02 
9.64E-04 
684E+03 
2 .51E41  
2.94E-02 
l.3OE-07 
1.33E-07 
6.M)E-01 
2 .70E41 
ZS8E+00 
8.093-02 
1 . 2 8 E 4 l  
9.12E01 
3 .95E41 
6.07E-01 
9.72EdM 
6.21E-02 
2 .58E41  
1 . 7 9 3 4 3  
4.64E+02 
138Ec01 
3 3 3 E 0 1  
5 .65E41 
3 9SEcO1 
1.50E-06 
6 .85E43  
5.62E-03 
1.14E-09 
6 . 4 1 E 4  

Stored ( %) 

(a) Radionuclide inventory i n f o d o n  taka from Transuranic Waste Bawline hvcntory Databasc -ID). Ref. CCA-2. 
(in total 135 Rdionuclida arc inventoried in thc WID) 

(b) Radioauclida in bold arc those 29 incorporated into the WlPP PA W a s c .  Ref. SNLl 



Table 2. 
WIPP RH TOTAL (1995 DECAYED) CURIES (a) 

Nuclide (b: 

Ac225 
Ac227 
Ac228 
As110 

AgllOm 
Am241 
Am243 
Am245 
At217 

Bal37m 
Biz10 
Bi211 
Bi212 
Bi213 
Bi214 
Bk249 
C14 

Cdll3m 
Ce144 
Cf249 
Cf252 
Cm243 
Cm244 
Cm245 
Cm248 
C058 
C06O 
CI5 1 

Cs134 
Cs135 
Cs137 
Eu152 
E d 5 4  
Ed55  
Fc55 
Fa21 
Fr223 

H3 
Kr85 
Mn54 
Nb95 

Nb95m 
Ni63 

Np237 
Np239 

Np240m 
Pa231 
Pa233 

Stored 

8.55E-02 
2.08E-04 
2.51E-02 
1.45E-09 
1.09E-07 
136Ec02 
2.23E04 
2.43E-16 
8.55E-02 
5.02E43 
1.33E-07 
2.08E-04 
2.45E-02 
8.55E-02 
7.97E-07 
1.68E-11 
1 .74Em 
2.83E-07 
4 . 5 1 E 4  
3.79E-03 
1.09E+00 
4.19Ec01 
2.673+02 
1243-06 
1.733-04 
1.24E-11 
2.75E42 
3.04506 
1.79E41 
6.07E-05 
5 3 1 W 3  
1.04E43 
5.00E42 
9.96E41 
1.69501 
8.55502 
2.87E-M 
621E-02 
1.68E+M) 
2.35E-02 
5.66E-01 
1.90503 
9.88501 
2 3 M  
2.23E64 
1.87511 
4.153-05 
2 . 3 7 E a  

Projected 

3.18E-02 
5.49E-04 
5.26E-02 
2.92E-10 
2.20E-08 
5.83E+03 
5.103-06 
4.40E-17 
3.18E-02 
1.99E45 
7.03E-06 
5.49E-04 
4.92E-02 
3.18E-02 
3.5OE-05 
3.03E-12 
3.13E-01 
2.63E-07 
6.1E-01 
6.85E-04 
1.97E-01 
758Ec00 
4.83FA-01 
2243-07 
3.143-05 
0 .00Em 
1 .OZE+04 
0.00E+00 
4.96E-01 
5.66E-05 
211Ec05 
1 . 8 E 4 2  
9.05E+01 
1.84E41 
0.00E+00 
3.18502 
7.58506 
3.94E-03 
O.@JE+00 
0.00Ern 
1.02E-01 
3.43E-04 
0.00Ern 
4.7-01 
5.10506 
3.39512 
l.87E03 
4.76E-01 

Total Ci 

1.17E-01 
7.57E-04 
7.77E-02 
1.74E-09 
1.31E-07 

5.963+03 
2283-04 
2.8E-16 
I.YE-01 
2.04E+05 
7.16Ea6 
7.58E-W 
7.36E-02 
1.17E-01 
3.58E-05 
1.98E-11 
2 . 0 5 E 4  
5.46E-07 
5 . 1 3 E 4  
4.47E-03 
129m 
495E+o1 
3.1-2 
1.-06 
2.0m-04 
1 .NE- 1 1 
1 . 0 4 E 4  
3.04E-06 
1.84E41 
1.17E-04 
2.16Ec05 
1.22E43 
5.91E42 
1.18E42 
1.69E-01 
1.17E-01 
1.04E-05 
6.60E-02 
1.68Ei-W 
235EO2 
6.69E-01 
224E-03 
9.88501 
285Ec00 
2.28504 
Z21E-11 
19E-03 
2 . 8 5 E 4  

Stored (%) 



Table 2 Continued. 
W'PP RH TOTAL (1995 DECAYED) CURIES (a) 

Juclide (b) Stored I Projected 

2.43E-03 
1.87E+00 
3.18E-02 
7.03606 
5.49E-04 
4.97502 
3.5OE-05 
8.37E-06 
334E+00 
7.03E-06 
1 S4E-06 
3.15E-02 
3.11E-02 
3.49E-05 
5.49E-04 
4.92E-02 
3.5OE-05 
6.09E-01 
1.41FM3 
1.01E+04 
5.01&03 
1.40E-M 
1.483-01 
3393-12 
5.49E-04 
4.92E-02 
3.18E-02 
3.50E05 
5.263-02 
1 . 7 4 E 4  
5.49E-04 
4.92E-02 
3.50E-05 
1.74Ei-W 
8.25E-01 
1.52E-05 
1.09E-04 
4.91E-05 
1.72E-01 
1 S4E-07 
3.23E-03 
1.wE-04 
19-5 
0.M1Ei.W 
2.82-3 
2.03E-01 
3.87E-11 
3.95511 

Total Ci 

1.36E-02 
1.05E+01 
1.17E-01 
7.163-06 
7.58E-04 
7.36E-02 
3.58E-05 
1.7i3E-05 
L o r n 1  
7.16E-06 
2.12E-06 
4.72E-02 
1.15E-01 
3.57E-05 
7.58E-04 
7.36E-02 
3.58E-05 
5 . 0 7 E 4  
1.4-03 
1.03E+04 
5 . m 3  
1.42EcO5 
1503-01 
2213-11 
7.58E-04 
7.36E-02 
1.17E-01 
3583-05 
7.77302 
1.09EMI1 
7.58E-04 
7.36E02 
3.58E-05 
I.09EMIl 
1 . 8 9 E 4  
3.16E-05 
225E-04 
1.02E-04 
3.57E-01 
9.59507 
6.69E-03 
2.252-04 
209Ee05 
4.21508 
5.83503 
4.65E01 
1.71E-09 
1.75509 

Projected (9 



Table 2 Continued. 
WIPP RH TOTAL (1995 DECAYED) CURIES (a) 

iuclide (b) 

Th227 
Th228 
Th229 
Th230 
Th231 
Th232 
Th234 
'17207 
'17208 
n209 
U233 
U r n  
U235 
U236 
Li237 
U238 
U240 
Y 90 
Zr93 
m 5  
Total 

Stored 

2.05E-04 
2.45E-02 
8.53%02 
256E-04 
2.01E-01 
L86E02 
8.61E+M) 
2.08E-04 
8.79E-03 
l.85E-03 
1.23E42 
3 3 0 E 4 0  
2.OlEOl 
7.9TE02 
3.27E-02 
8.61E40 
1.87E-1 1 
1.23E634 
6.81E-04 
2.56E-01 
3.91E+04 

Projected 

5.42E-04 
4.92E-02 
3.18E-02 
730E03 
4 .43Em 
639E02 
1.87EdX) 
5.48E-04 
3.77E-02 
6.88E-04 
3.473+01 
3.943+01 
4.433+00 
1.70E02 
3 . 4 5 E a  
1.8rnOo 
3.39E-12 
1.96E+05 
6.35E-04 
4.63E-02 
9.76E45 

Total Ci 

7.47E-04 
7.36E-02 
1.17E-01 
7563-03 
4.63E& 
9.25E-02 
1.05E41 
7.56E-04 
2.65E-02 
2.53E-03 
1583+02 
4.273+01 
4.63EcW 
9.683-02 
3.48E+OC 
1.05E41 
2.21E-11 
2.09E45 
1.32E-03 
3.023-01 
1.02E46 

Stored (7%) Projected (7%: I 

(a) Radionuclide inventory i n f o d o n  taken from Transuranic W a s s  Bascline Inventory Databare (TWBID). Ref. CCA-2. 
(in total. 135 radionuclides are inventoried in lhc M I D )  

@f Radionuclidcs in bold arc horc 29 incorporaEd into h e  WIPP PA databm. Ref. SNL-I. 



Table 3. 
40CFR191 Unit of Waste for (1995 Decayed) WIPP TRU Waste (a) 

Nuclide 

Decay 
Mode 

(4 

a .y  

a .P - .Y  

a .p- . r  

rr<- 

5- .Y.E 

p-.y,rrc- 

a .y .SF 

P , Y . E c -  

a .  rrr-  

a. P L Y  

v . 7  
a .P- .Y 

IT 

a. 8-.Y 

a . p - . y  

a .P - .Y  

a . 5 - . y  

a .8 - .Y  

a . P . 7  

r . 7  

P- 
7.6 

p-.IT 

B . 7  

a .7 .SF 

a .7 .SF 

a .7  

a.7.SF 

a .y .SF 

a .7 .SF.c  

a .7 .SF 

a .7 .SF 

a .7 .SF 

a . 7  
a .SF  

BI.7.c 

8- . r  

e7 
p-.y.z 

P- 
P-.Y 

a . 7  

Half- 
Life 

(4 

10.0 d 
21.77 n 

6.15 h 
39.8 r 
24.6 r 

249.8 d 
432.7 a 

16.02 h 
141. h 

7.37E43 a 
2.05 h 
32 m 

2.552 m 
5.01 d 
2.14 m 
l.W9 h 
45.6 m 
19.9 m 

3.2E42 d 
3.217 h 
5730 a 
462.0 d 
14.1 a 

284.6 d 
351 a 
13.1 a 

9.OE+02 a 
2.638 a 
162.8 d 
29.1 a 
18.1 a 

8.5E+03 a 
4.76E+03 a 

1.56E+07 a 
3.48E45 a 

70.88 d 
5.271 a 
27.70 d 
2.065 a 

2.3E.106 a 
30.17 a 
276 d 

WIPP TRU Waste 

Total 
Inventory 

[Curies] (d) 

Transuranic 
Inventory 

[a-Curies] (e) 

O/o of 
Unit of 
Waste 



Table 3 Continued. 
40CFR191 Unit of Waste for (1995 Decayed) WIPP TRU Waste (a) 

Nuclide 

Decay Half- 
Mode Life 

WIPP TRU Waste 

Total 
Inventory 

[Curies] (d) 

Transuranic 
Inventory 

[a-Curies] (e) 

% of 
Unit of 
Waste 



Table 3 Continued. I 10CW191 Unit of Waste for (1995 Decayed) WIPP TRU Waste (a) 

Nuclide 

I Decay 
Mode 

('3 

a.y.SF 
a.r.SF 

a.y.SF 

a .  P-.Y 
a.y.SF 

v . 7  
a.SF 

a . 7  

a . r  
6-.r 

a . 7  

P-.r 

v . 7  
a . 7  

a . 7  
a . 7  
0- 

0-.r 

P-.r 
r. =- 

P- 

V.7  
7 . m -  

B-.y.rre- 

r . 7  

P-.r 

P- 

6-.r 
P-.r 

y.me- 

F . 7  
P-.rne- 

a . 7  

a . 7  
a . 7  

a . 7  
P . 7  

a .7  
B'.r 
6-.r 
r . 7  

(b) 

PuU8 
pU239 
puz.lo 

P"241 
P"242 
Pu243 
puz.l? 

Ra123 
Rd21  
Rd25 
Razz6 
Razz 
Rhlffi 
Re19 
Rn220 
R"ZZ2 
Ru106 
Sb125 
Sb126 

Sbl26m 
Se79 

Sm151 
Snl l9m 
Snl2lm 
Sn126 
Sr89t 
Sr90 

Ta182 
Tc99 

Tc125m 
Te127 

Tclurn 
m 7  
Th228 
m 9  
ThUO 
Th23 1 
m u 2  
ThZM 
n207 
TI208 

Half- 
Life 

(4 

87.7 a 
2 .410E4  a 

6.56E43 a 
14.4 a 

3.75E45 a 
4.956 h 

8.0E47 a 

11.435 d 

3.66 d 
14.9 d 

1.60E43 a 
5.76 a 
29.9 r 
3.96 s 

55.6 s 
3.8235 d 

1.02 a 
2.758 a 
12.4 d 
19.0 m 

6.5E+04 a 
90 a 

293 d 
55 a 

1 .OEM5 a 
5052 d 
29.1 a 

114.43 d 
2.13E45 a 

58 d 
9.4 h 
109 d 

18.72 d 
1.913 a 

7 3 E 4 3  a 
7.54Ec04 a 

1.063 d 
1.4E+10 a 
2410 m 
4.77 rn 
3.053 rn 

WIPP TRU Waste 

Total 
Inventory 

[Curies] (d) 

Transuranic 
Inventory 

la-Curies] (e) 

- 

% of 
Unit of 
Waste 



'* 

40CFR191 Unit of Waste for (1995 Decayed) WIPP TRU Waste (a) 

Nuclide I/ WIPP TRU Waste 

Half- Toral 
Life Inventory 
. . [Curies] (d) 

Transuranic 
Inventory 

[a-Curies] (e) 

Sum = I/ 6 . 4 2 E 4  

- 

% of 
Unit of 
Waste 

~ ~- ~~ ~- ~ ~~ 

NR Not Reponcd by rites (see Ref. CCA-2). * Dam values for radionuclides w m  prrviovsly reported in Rev. 1 of WTWBIR @R-I) .  
t Data values for ndionudides were pnviously repaned in Rev. 2 of WrWBIR (BIR-2). 

(a) Radionuclide inventory information mkcn fmm Tmuranic W m c  Bavlim lnvcntory Dafabaw (TWBID), Ref. CCA-2. 
(in total. 135 radionuclides arx inventoried in the M I D )  *) Radionuclides in bold an those 29 incorpomtd into the WlPP PA darabas. Ref. SNLI .  
Decay mode md  Mf-life information taken fmm the Chan of thc Nuclides. 14th Ed. Ref. G E I .  [It is bencr for techni- 
cal calculalions, to use halflives that am cxtracred fmm the databas of ORIGEN2 [Ref. OR-]] t e a y s c  the ORIGEN2 
dam arc of a later vcnion than Wu of Ref. GE-I (see Ref. SNL-2 for ORlGEN2 values).] 

Sum = 

Top 5 Radionuclides 

7.44E4 

m 
(4 .07E4)  
4 . 0 m  

Wnit of Wvte  = 4.W) (m) 



(I) 

Total inventory (curie) d m  taken from Rcf. CCA-2. Vducr cornspond to a "WIPP-Sde" design basis. 

Tnnsumnic inventory dafa cornsponds to the aniviry (curie) data only for radionuclides that ax ' m u r a n i c  waste" per 
definitions in 40CFR191 Inventory data in bold cornponds to those data incorponted into the WIPP PA dawbase (see 
Ref. SNL-I). 
Isatopc with dominate curie load for CH-TRU wastes. 

Isotope with dominate curic load for RH-TRU waster. 
Note, the towl CH-TRU curie load is 6.42 MCi (also. 86.3 96 of the total curie load in WIPP). The avenge CH-TRU 
valumemc total cune load is 6.42E&/5.95E+% = 1.08 (Cilcu. ft) = 38.1 (Cidcu. m.). [See discussion note on Ref. 
LWA-I for volumes - CH+5.95E+06 cu. fr. Also note t h ~ t  the 595E& volume numkr is a volume limit. stared 
wase and pmjened waste volumes sum up to a volume less than this volume. The summed up volume is then "scaled" 
to yield n total volume of 5.95E-06, likewise the curie loads are d r o  'scaled" by the sme factor Thus mios of curie 
loads (or hex loads) to volume yzeld values ax applicable to expected waste at WIPP (see Ref. BIR-2d). I 
Narc. the total RH-TRU curic load is only 1.02 MCi (also, only 13.7 % of thc towl curic load in WIPP). This curie 
load is much less thm the RH-TRU limit of 5.1 MCi [Ref. LWA-I]. The average RH-TRU volumetric total curie load 
is I.OZEc06/O.Z5E+!X = 4.08 (Cku. fI.1 = 144. (Cidcu. m.). [See discussion note on Ref. LWA-I for volumes - 
RH+0.25E& cu. 8.1 
Note, there at only 15 radionuclides thiu compris: the "msuranic wartc" (see footnote e above). Eleven of these 
radionuclides are included in the WIPP PA data baw and compond to 99.99999% of the towl CH "uansuranic' invcn- 
tory. The average M-TRU volumetric " m m i c '  curie load is 4.WE+06/5.95E+06 = 0.680 (TRU-Cidcu. R) = 
24.0 mU-Cdeu .  m3. 

Note. there ax only 15 radionuclides that comprise thc "ansunnic waste" (see footnote e abave). Eleven of these 
ndionuclides arc included in the WIPP PA data b a s  and w m p o n d  to 99.99998% of the total RH 'uanruranic' invcn- 
tory. The avcngc RH-TRU v a l u m c ~ c  'msuranic' cunc load is 2.283EKklm.Z5E& = 0.W13 (TRU-Cdcu. R) = 
3.22 (TRU-Cdcu. m3. [The RH wnmbution to the WIPP-scale inventory of m - i c  curic load is 
2.283EKkl'IM)%/(Z.283EKkl + 4.048E+!X)=OMl% (very small).] Notc. this value is an ordcr of magnitude less than 
that presented for the CH-TRU wastes - since the majariry of the curie content of the RH-TRU waste is due to shorter- 
lived "an-~nsuranic radionuclidcs, this means thaf as the shorter-lived components decay away the remaining RH-TRU 
wastc will have a lesser curic content than CH-TRU waste (it.. as the RH-TRU wastc decays. it bemmc; "wimpier' 
than CH-TRU wastc). This is evident from the RH S ~ d y  (Rcf. DOE-I) which showed thaf after about 150 + 250 

y- CH-TRU wastc has a higher specific activiry than that of RH-TRU wastc. 

It is ineresong to h o w  IhaI the Yucca Mountain Project (YMP) h appmximately 12.4 billion curies of inventory 
(spent fuel -- 63.000 MTU [YMP-lb] X 1.57E+05 C i  [YMP-lc] + viuified high-level warte -- 2.47E+09 Ci 
[YMP-Id]). Thus YMP is equivalent to 1660 WIPPs as far as curie load is concerned. Even though WIPP is less than 
one part in a thousand in wmparison to YMP it still rcquircs the ramc amount of work (with the exception of thermal 
cffccts) to demomuate wmpliance for WIPP ar it d m  for YMP kcausc thc EPA compliance rcquircmcnts arc based 
on a normalircd basir (i.e., whether a repository has a radionuclide inventory on the ordcr of millicuries, curies, millions 
of curies (likc WIPP). or billions of curies (likc YMP). rhe amount of work (with the cxceptian of thermal effects) to 
show compliance is the same). 

Notc, the unit of wane (UW, calculated to thhe significant figures) is thc wmc whether the UW is calcdatd using all 
available i n f o d o n  in the h e w  (Ref. CCA-2) or using the limited dam within the WIPP PA databau. [Also, only 4 
radiooudides (Am241. h238.  h239 ,  and W 4 0 )  make up 99.96% of the Unit of Waste valve [w+ Ref. EPA-lb] - 
using 5 radionuclides (adding W 4 2 )  maker up 99.9936% of the Unit of Waste value]. 



Table 4. 
40CFR191 Release Limits for (1995 Decayed) WIPP TRU Waste (a) 

Ac225 
Ad27 
Ae228 

Agl09m 
AgllO 

Agl lOm 
Am241 
Am242 

Am242m 
A d 1 3  
Am245 
A017 

Ba137m 
Bi210 
Bi2l l 
Biz12 
Biz13 
Bi214 
BE49 
BE50 
C14 

Cd109 
Cdll3m 
G I 4 4  
CR49 
C N O  
CRSI 
c m 2  
Cm242 
Cm243 
cm244 
Cm245 
CmZ46 
Cm247 
Cm248 
C058 
C060 
Cr51 

(3134 
(3135 
-137 
Er254 

Nuclide 

Half- 
Life 

(c)  

10.0 d 
21.77 a 
6.15 h 
39.8 r 
24.6 r 

249.8 d 
432.7 a 
16.02 h 
141. h 

737E+03 a 
2.05 h 
32 mi 

2.552 m 
5.01 d 
2.14 m 
1.009 h 
45.6 m 
19.9 m 

3.2E42 d 
3.217 h 
5730 a 
462.0 d 
14.1 a 

284.6 d 
351 a 
13.1 a 

9.OE42 a 
2.638 a 
162.8 d 
29.1 a 
18.1 a 

8 . E 4 3  a 
4.76E43 a 
156E47  a 
3.48E+05 a 

70.88 d 
5.271 a 
27.70 d 
2.065 a 

2.3E+06 a 
30.17 a 
276 d 

WIPP TRU Waste 

Release Limits 
Inventory 

[a-Curies] (e) 

Total 
Inventory 

(Ci.NW) 

IW. 

100. 

100. 

1W. 

1W. 

100. 

100. 

loo. 
IW. 
100. 
loo. 

1000. 
1000. - 

[Curies] 

CH 

2 . 8 8 E 4  
6.08E-01 
7.46E-01 
1.57E41 
7.07E-09 
5.31E-07 

4.42E45 
1.75EiOO 
1.75EiOO 
3.26E-01 
1.33E-09 
2.88EiOO 
7.63E-03 
2.55EtCK) 
6.098-01 
2.71E41 
2.88EiOO 
1.16E41 
9.16E-05 
4.37E-11 
1.08E41 
1.57E+01 
1.82E-06 
6.26E-02 
6.42E-02 
33OE-01 
3.78843 
2 . 3 9 ~ 2  
1.14E+00 
2.72EM 
3.15E# 
1 . 1 5 E 4  
1.02E-01 
3.21E-B 
8.95E-02 
3.05E- 13 
6.46E4l 

NR 
1.34E-02 
5.02E-W 
8.06EM3 
4.24E-I 1 

EPA 
Unit 
- 

- - 

1 SOE-03 

1101. 

8.01E-02 

3.16E-02 

1.69E-04 

929E-06 

0.128 

0283 
251E04 
7.89E-12 
2203-04 

152EQI 
55.1 

- - 

(d) 

RH 

1l7E-01 
757E-W 
7.77E-02 

' NR 
174E-09 
1.31E-07 
5.96E43 

NR 
NR 

228E-04 
2.87E-16 
1.178-01 
2.ME45 
7.16E-06 
7.58E.04 
7 . 3 6 ~ m  
1.17E-01 
3.58E-05 
198E- l l 

NR 
2 . 0 5 E 4  

NR 
5.46E-07 
5.13EKG 
4.47E-03 

NR 
NR 

1.29Et00 
M 

4.95E41 
3.15E+GZ 
1.46E-06 

NR 
NR 

2.05E-04 
1.24E-11 
I.WE+W 
3.WE-06 
I.&E+01 
L.17E-04 

2.16Et05 (g) 
NR 



Table 4 Continued. 
40CFR191 Release Limits for (1995 Decayed) WIPP TRU Waste (a) 

Nuclide 

Decay Half- 
Mode Life 

WIPP TRU Waste 

Total 
Inventory 

[Curies] (d) 

Release Limits 
Inventory 

[a-Curies] (e) 
EPA 
Unit 



Table 4 Continued. 
40CFR191 Release Limits for (1995 Decayed) WIPP TRU Waste (a) 

Nuclide 

Decay 
Mode 

(4 

a . 7 . V  

a.r.SF 

o.y.SF 

a.p-.r 

a.7.SF 

P-.7 
a.SF 

a.7 

a.r  

v . 7  

a . r  

r . 7  

P-.7 

a.7 

a.7 

a.7 

0- 

F . 7  

P-,7 
7.w- 

P- 

P-.7 
7.m- 

8-.7,l7'- 

F .7  

P-.7 

P- 

P-.Y 
F.7 

r . i T -  

F .7  
P- ,727- 

a.7 

a.7 

a.7 

a.7 

r . 7  

a.7 

0-.r 
B-.Y 

P-.r 

Half- 
Life 

tc) 

87.7 a 
7.410E+M a 
6.56E43 a 

14.4 a 
3.75E45 a 

4.956 h 
8.0E47 a 

11.435 d 
3.66 d 
14.9 d 

I .M)E43 a 

5.76 a 
29.9 s 

3.96 s 
55.6 s 

3.8235 d 
1.02 a 

2.758 a 
12.4 d 
19.0 m 

6 . 5 E a  a 
90 a 

293 d 
55 a 

l.OEcO.5 a 
5052 d 
29.1 a 

114.43 d 
?.13E+05 a 

58 d 
9.4 h 
109 d 

18.72 d 
1.913 a 

73Ei.03 a 
7.54E+04 a 

1.063 d 
1.4E+10 a 
24.10 m 
4.77 m 

3.053 m 

WlPP TRU Waste 

Total 
Inventory 

[Curies] (d) 

Release Limits 
Inventory 

[a-Curies] (e) 
EPA 
Unit 

6416. 
1954. 
528. 

2.88 

3.69E-09 

285E02 

1.32E-07 
4.498-04 

8.18E-06 
2.9ZE-07 

53.0 

6.19E-04 

7ME03 
2173-03 

Z4SEM 



Table 4 Continued. 
40CFR191 Release Limits for (1995 Decayed) WIPP TRU Waste (a) 

Nuclide WIPP TRU Waste 

Decay 
Mode 

(c) 

8-.Y 

8.r 
a.y.SF 

a.r.SF 

a.y.SF 

a.y.SF 

a.r.SF 

v . 7  
o.r.SF 

v.7 

V.Y 
V.7.e 

r.7 

Half- 
Life 

(4 

Total Release Limits 
Inventory 

[a-Curies] (e) 
EPA 
Unit 

6.34E42 
4.79 
125 

428EO2 
1.06E-03 

1 2 3 E d l  

1.71E-06 

i 

Inve 
[Curi~ 

CH 

622E-02 
NR 

2 .58~41 '  
1.79E43 
4.65E42 
1.28E41 
3.33E-01 
5.66E4l 
3.96E41 
1.50E-06 
6.85E43 

NR 
5.63E-03 
1.15E-a9 

6.42E46 

(h) 
Sum = 

I I 

Sum = 

Top 10 Radionuclides (k) 

ID I1 Total Inventory EPA Unit 

Total 

2.61E+06 
7.95E+05 
4.48E05 
2.15E45 
224E105 
2.16Ei-05 
1.95E43 
1.17E103 
5.08E102 
l.lSEiU.7 

Total 

6416. 
1954. 
1101. 
528. 
55.1 
53.0 
4.79 
288 
1.25 
0.283 

NR Not Rcponcd by sites (sm Rct CCA-2) * Data valucs for radionuclides w e  previously reported ia Rev. 1 of WTWBlR (BIR-I). 
t Data values for radionuclides were previously rcponcd in Rev. 2 of WTWBIR (BE-2). 



Radionuclide inventory information taken from Trmsunnic Waste Baseline Inventory Darabase (WBID).  
Ref. CCA-2. (in towl. 135 radionuclides are inventoried in the M I D )  . . .  
Radionuclides in bold arc thosc 29 incorporated into the WlPP PA databaw. Ref. SNL-I. 

Decay mode and half-life infomuon taken from the C h m  of the Nuclides, 14th Ed. Ret  GE-I. [It is bencr 

bewurc the ORlGEN2 dam are of a later vcnion than that of Rct  GE-I (see Ref. SNL-2 for ORlGEN2 
l" for technical calculations. to use halflivcs that arc extracted from the dambases of ORIGENZ [Ref. OR-I] . .. 
t - 

values).] 
Total inventory (curie) dam taken from Ret  CCA-2. Valuer cornspond to a "WIPP-Swle' design basis. rY 

Release limits arc determined in accordance with 40CFR191 (Appendix A, Tablc I) [Ret EPA-I]. Left 
column corrcspondr to specific d w s e  limits (cumulative releases to thc accessible environment for IO.MM 
yevr after disposal per "unit of waste' identified in Notc I(e) of Table 1, Appendix A, 4CCFR191). Right 
column cornsponds to release limit obtained for 4.07 Units of Waste (see Table 2 for calculation of the Unit 
of Waste) determined from d m  in the T n n s m i c  Wastc Baseline lnvcntory Rcpon (BIR) [Rct BIR-21. 

Isotope with dominate curie load for CH-TRU waacs. 
Isotope with dominate curie load for RH-TRU waster. 

Note, the total CH-TRU curie load is 6.42 MCi (alto. 86.3 % of the total curie load in WIPP). The avenge 
CH-TRU volumeuic towl curic load is 6.42Ec06/5.95E+06 = 1.08 (Cdcu. ti.) = 38.1 (Cicu. m.). [See dis- 
cussion note on Rct  LWA-I for volumes - CH+5.95E+06 cu. ti. Also note that the 5.95E+06 volum 
number is a volume limit. rtorcd waste and projected wastc volumes sum up to a volume lcss than this 
volume. The summed up volume is then "scaled" to yield a total volume of 5.95E+06, l i ewiw  the curie 
loads am also "scaled" by the same factor. Thus ratios of curie loads (or h a t  loads) w volume yield values 
are applicable to expected waste at WIPP (see Ref. BIR-2d). I 
Notc. the tolal RH-TRU curic load is only 1.02 MCi (dso. only 13.7 40 of the [awl curie load in WIPP). 
This curic load is much less than thc RH-TRU limit of 5.1 MCi [RcC LWA-I]. The avenge RH-TRU 
volumulc told curic load is 1.02E+O6/0.2SE+M = 4.08 (Cilcu. ti.) = 144. (Cim. m.). [See discussion 
note on Ref. LWA-1 for volumes -- RH-+0.25E+06 cu. h.] 
Note. there are 42 radionuclides that comurise the 'EPA Unit' (we foomote e above). 25 of these radionu- 
c l i d i  are included in the WlPP PA darabasc and cornspond to 99.99903% of the told CH- and RH-TRU 
'EPA Unit" inventory. The average CH-TRU valumcuic "EPA Unit" load is 9.956E43/5.9SE+06 = 1.6732- 
03 (EPA Unit/m. R )  = S .91Mt  (EPA UniVcu. m.). The average RH-TRU volumculc "EPA Unit' load 
is 1.61 IEX)U0.25E+06 = 6.44W CEPA Unit/cu. R )  = 2383-02 (EPA UNUN m.). m e  RH conuibu- . . 
lion to the WPP-scale inventory of transuranic curic load is 1.611E42*100%/(1.61lE42 + 
9.956E43)=1.592% (verg small).] Nore, this value is about two orders of magnitude lcss than that 
presented for the CH-TRU wastes - since the majority of the curie m n m t  of rhe RH-TRU waste is due to 
shorter-lived n o n - m m i c  ndionuclidcs, this mans thy as the rhoner-lived components d a y  away rhe 
remaining RH-TRU waste will have a lesser curie content h CH-TRU waste (i.e., as rhe RH-TRU wastc 
decays, it becomes "wimpid than CH-TRU waste). This is cvideot fmm the RH Swdy (Rct W E L )  which 
showed thy after about 150 + 2M yearr that CH-TRU waste h a  a higha specific activity h that of RH- 
TRU w e .  

Notc. the EPA Unit (calculated to four significant figures) is thc same whether the EPA Unit is calcvtared 
using all available infomarion in the TWBD (Ref. CCA-2) or using the limited d m  within thc W P P  PA 
daIabaw. [Also, only 4 radionuclides @%?38. Pu239. Am241. and Pu240) make up 98.83% of the EPA Unit 
(I= Ref. EPA-lb) - wing 6 radionuclida (adding Cs137 & Sr90) maLes up 99.9023% - using the top 10 
radionudidex makes up 99.9932% of the EPA Unit]. 



Table 5. 
Unit of Waste and EPA Units for WIPP TRU Waste (a) 

Nuclide 

Total Ci 
Inventory 

[Curies] (c) 

WIPP TRU Waste 

Total TRU 
Inventory 

[a-Curies] (d) 

EPA Unit 



Nuclide 

ID 

(b) 

Cr137 
&I54 
E"150 
€"I52 
Eu 154 
Eu 155 
Fc55 
Fc59 
Fr22 1 
Fr223 
Lid152 
H3 
1129 
Kr85 
Mn54 
Nb93m 
Nb95 
Nb95m 
Ndl44 
Ni59 
Ni63 
NpU7 
Np238 
Np2.39 
Np240m 
Pa231 
Pa233 
Pa241 
Pa234m 
Pb209 
Pb210 
Pb211 
Pb212 
F8214 
Pd107 
Pm147 
PO210 
Po21 1 
Po212 
Po213 

Table 5 Continued. 
Unit of Waste and EPA Units for WIPP TRU Waste (a) 

Total Ci 
Inventory 

[Curies] (c)  

WIF'P TRU Waste 

Total TRU 
Inventory 

[a-Curies] (d) 

EPA Unit 

(e) 



Table 5 Continued. 
Unit of Waste and EPA Units for WIPP TRU Waste (a) 

Nuclide 

ID Total Ci 
Inventory 

[Curies] (c) 

-- -- 

- - 

WIPP TRU Waste 

Total TRU 
Inventory 

[a-Curies] ' (d) 

EPA Unit 

(e)  



Nuclide 

Sum 

Table 5 Continued. 
Unit of Waste and EPA Units for WIPP TRU Waste (a) 

WIPP TRU Waste 

Total Ci 
Jnventory 

[Curies] (c) 

Total TRU 
Inventory 

[a-Curies] (d) 

EPA Unit 

(el 

Top 4 Radionuelides 

(8)  Radionuclide invcntay information taken from Tmuran i c  Waste B a l i n e  Inventory Darabaw (TUBID). Ref. CCA-2. 
(in total. 135 radionuclides arc inventoried in the M I D )  

@) Radionuclidcr in bold arc thaw 29 incorporated into fhc WLPP PA database, Ref. SNLI.  
(d Total inventory (curie) d m  taken fmm Ref CCA-2. Value cormpand to a W P - S c a l e "  design bacir. 
(4 Tmzuranic inventory data cornponds to the activiry (curie) dam only far radionuclides &t m 'umswmic wartem per 

definitions in 4CCFR191 Inventory data in bold camsponds to thaw dam incorporafed into the WIPP PA databaw (we 
Rcf. SNL-I). 

EPA Units arc dctmnined using Unit of Ware valves from colurrms 4 and 5. 
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PREFACE TO A'lTACHMENT WCA.8.2 

Title 40 of the Code of Federal Regulations (CFR) 5 194.31 states that 

The release limits shall be calculated according to part 191, appendix A of this chapter, 
using the total activity, in curies, that will exist in the disposal system at the time of disposal. 

Making an exact assessment of the total activity (the radionuclide inventory) at the time of 
disposal (2033) requires assessing the total activity, in 2033, of three categories of contact- 
handled transuranic (CH-TRU) waste. 

Category 1: the stored, "legacy" waste; CH-TRU waste that currently exists, is packaged, 
and has been inventoried and decayed to the year 1995. 

Category 2: future waste that has already been generated; CH-TRU waste that currently 
exists and has been identified, is not packaged, and has not been inventoried for shipment to 
the Waste Isolation Pilot Plant (WIPP). 

Category 3: future to-be-generated waste; CH-TRU waste that has not been identified. 

Categories 2 and 3, the projected waste, comprise 66% of the WIPP waste by volume 
(Transuranic Waste Baseline Inventory Report [TWBIR], DOE 1995, p. 3-1). 

Category 1 waste has already been inventoried and the inventory data can be readily decayed 
to any common base year (that is, to 1995, as is done in the TWBIR). Category 2 waste is 
expected to be similar to Category 1 waste, and could thus also be assessed at any common 
base year (for example, 1995). The Category 1 and 2 inventories can also be decayed to any 
other common year such as the year of closure, 2033. However, Category 3 waste is not 
necessarily similar to the other two categories and therefore should be estimated separately on 
a year-by-year basis as it is generated. Then each yearly contribution should be decayed 
separately to the closure year (2033). 

TWBIR data collection methods estimated Category 3 data in the same manner as Category 2 
data, and prorated Category 3 data accordingly. Thus, Category 3 data are estimated at 1995 
instead of the later years during which the waste would be generated. Additional decay 
calculations of Category 3 data would result in over-decay of the inventory. For example, 
waste assayed in 2030 should be decayed for only three years to 2033; decaying such waste 
for the 38 years from 1995 to 2033 would result in an underestimate, particularly since the 
fraction of projected waste that is Category 3 cannot be determined. 40 CFR 5 194.31 
requires assessing the radionuclide inventory at the time of closure, that is, the year 2033. 
This can be done readily for Category 1 and Category 2 data. Because the Category 3 data 
were not separated from the Category 2 data, decaying from 1995 to 2033 underestimates 
portions of the Category 3 inventory by between one and 37 years of decay. 

Because Category 3 wastes cannot currently be assessed separately from Category 2 wastes, 
there are two alternatives for calculating the waste unit factor: (1) calculation on the basis of 



the entire inventory decayed to. 1995 or (2) calculation on the basis of the entire inventory 
decayed to 2033. The first yields a waste unit factor of 4.07 x lo6, and the second, a waste 
unit factor of 3.44 x lo6. The waste unit factor determines the normalization factor used in 
calculating the release limit, according to Table 1 of 40 CFR Part 191 Appendix A. The 
curies of radionuclides are divided by the release limit to determine the EPA units. All else 
being equal, a smaller release limit (and thus a smaller waste unit factor) is the more 
conservative of the two possibilities. Therefore, the entire inventory is decayed to 2033 for 
the performance assessment calculations as specified in 40 CFR $ 194.31 above. 

Attachment WCA.8.1 states that the inventory decayed to 1995 is used. However, as 
described above, in keeping with the specification of 40 CFR 8 194.31 the inventory decayed 
to 2033 is used instead. 

Reference: 

DOE (U. S. Department of Energy). 1995. Transuranic Waste Baseline Inventory Report, 
Rev. 2, DOEICAO 95-1 12 1, Carlsbad, NM. 

--'\ 
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Identification of Important Radionuclides Used in 1996 CCA WIPP 
Performance Assessment 

Recently the data in the Transuranic Waste Baseline Inventory Database (TWBID) has 
been updated to reflect reassessments of key radionuclides at some of the major transuranic 
(TRU) waste generation sites. These new TWBID values (Ref. CCA-2) are termed the 
"CCA data" and they supersede the data currently published in Revision 2 of the Tran- 
suranic Waste Baseline Inventory Report (TWBIR, Ref. BIR-2). This memo identifies 
which of these radionuclides are of most concern to the Performance Assessment (PA) of 
WIPP. Of the CCA radionuclides, those that are of the most concern to PA and will be 
studied in the 1996 CCA calculations are shown in Table 1. The basis for their impor- 
tance is based upon several factors: 1) the subsurface transportability of the radionuclides 
(solubility in brine, chemical sorption, etc.,), 2) uansuranic inventory, and 3) allowable 
release limits. There are other serious concerns such as the fissile material (e.g., fissile 
gram equivalent (FGE) of Pu239), Pu239 equivalent activities, etc. But, these would he 
more applicable to transporntion and WIPP operations limits than to WIPP PA and are not 
addressed in this memo. 

In order to understand why the radionuclides in Table 1 are considered the most important, 
with respect to WIPP PA, one must become familiar with Table 2, which identifies the the 
release limits per 40CFR191 (Ref. EPA-1). These release limits are normalized to a "Unit 
of Waste". For the TRU waste to be disposed of in the WIPP. the unit of waste is "An 
amount of transuranic (TRU) wastes containing one million curies of alpha-emitting Wan- 
suranic radionuclides with half lives greater than 20 years" (Ref. EPA-lb). The unit of 
waste is determined in Table 3. From this table it can be seen that of the 135 radionu- 
clides in the current TWBIR, there are reported data for 15 transuranic waste radionuclides 
that conmbute to the unit of waste. In total there are only 17 possible radionuclides that 
fall into the "uansuranic waste" category. The two that are not identified in the TWBIR 
are: 1) Am242m and 2) Bk247. Since these radionuclides are very proton rich, it is 
expected that they are very difficult to generate and should not exist in appreciable quanti- 
ties. The overall quantity of transuranic waste radionuclides from Table 3 that apply to the c' , 

a unit of waste is 4.07E+06 curies, thus the value for the unit of waste is 4.07. From this t,. i 
table it easily identified that the plutonium and americium radionuclides dominate the unit ?; ." 
of waste. For releases to the accessible environment that involve a mix of radionuclides. -..-. 
the limits in Table 2 are used to define normalized releases for comparison with the release 
limits. Now the unit of waste and the specific release limits are used to determine release 

Eraptiond Senrice in the National Interest 



limits and cumulative normalized release limits. (To help describe the 40CFR191 
containment requirements, the following two paragraphs were taken as is from Ref 
RE-1 -- This reference gives a very through introduction to the mechanics of the 
WIPP PA process and is considered a must for reading if a person wants to be able 
to understand the results presented in Ref. SNL-1 or any comparable PA reports.) 
Containments Requirements (40CFR191.13, Ref. EPA-1) specify general limits on 
the release of transuranic (TRU) waste, high-level waste, or spent nuclear fuel (SNF) 
from a geologic repository. Environmental Protection Agency (EPA) release limits 
are defined as the normalizing factors for various radionuclides listed in Table 1 of 
Appendix A of EPA regulation 40 CFR 191 (see Table 2). According to the Con- 
tainment Requirements, there must he a reasonable expectation, based on a perfor- 
mance assessment that includes all significant process and events, that the cumula- 
tive release of any one radionuclide over 10,000 yr to the accessible environment 
shall have (these two points alone determine the EPA limits drawn on all WIPP 
CCDFs): 

less than 1 chance in 10 of exceeding the promulgated EPA radionuclide limits - - 
(L, 1, and 

less than 1 chance in 11330 of exceeding 10 times those quantities. 
For a mix of radionuclides, the sum of all releases. where each radionuclide is nor- 
malized with respect to its Li, shall have: 

less than 1 chance in 10 of exceeding 1, and . less than 1 chance in 1000 of exceeding 10 
Where the sum of all releases is expressed by: 

where 

f w  = 

w, = 

waste unit factor = - " see Table 2 for units 
nnar;'  ." -. 

activity in curies (Ci) for a-emitting TRU repository wastes 
having half-lives (r,) > 20 years 
the EPA release limit for radionuclide i (see Table 2 for 
examples and units) 
number of radionuclides contributing to the release 
total normalized release @PA sum) for the j th scenario 
cumulative release for radionuclide u beyond a specified 

1 O . ~ c o h .  

boundary, I q,dt 

release rate into accessible environment at time r for 
radionuclide i and scenario j calculated from consequence 
model(s) (see Chapter 5.0 Ref. RE-1) 

The EPA release limits (L i ) ,  for radionuc:ides i= l ,  ..., nR are based on generic ana- 
lyses of hypothetical repositories containing SNF, not TRU waste. The models the 
contractors for the EPA used to establish the limits considered releases to a river, an 
ocean, and the land surface. The analysis assumed radionuclides released from the 
disposal-system boundary were instantaneously deposited into a river, an ocean, or 
into the land surface. The total cancers per curie were then calculated for each of the 
three pathways to humans. The most saingent of the three pathways, river water 
ingestion, was used in calculating the release limits. That'is, the release limits are 



addition to limiting the RH-TRU canister surface dose equivalent rate to 1,000 remlhr also 
limits the design capacity of (all) transuranics to 6.2 million cubic feet of volume of which 
no more than 5.1 million curies (Ci) may be RH-TRU. The volume limit for the RH-TRU 
is identified in the WIPP ROD (Record of Decision) to be 0.25 million cubic feet of 
volume [Ref. DOE-21. Also, prior to the WIPP LWA 6.2 million cubic feet volume was 
assign to CH-TRU waste only (for instance, Ref. DOE-3 identifies that the total volume of 
WIPP was to be 6.45 million cubic feet -- 6.2 for CH-TRU and 0.25 for RH-TRU) and not 
CH-TRU plus RH-TRU. The WIPP LWA seems to be patterned after the WIPP C&C 
agreement POE41.  It is in the WrPP C&C that a misquote was made to the WIPP ROD. 
The WIPP C&C quotes the WIPP ROD as applying the 6.2 million cubic meters to (all) 
transuranic waste. Even though the WIPP LWA is technically incorrect, the volumes 
identified there are to be used for WIPP calculations. More thorough discussion can be 
found in Ref. SA-1.1 

[OR-l]Croff, A.G.; "ORIGENZ: A Users Manual for ORIGEN2 Computer Code," Oak Ridge 
National Laboratory, July 1980. (Further generalized discussion on ORIGEN2 can be 
found in Ref. OR-2.) petailed information on the validation (as applied to analysis of 
PWR spent fuel) and functional requirements (related to long-term storage of LWR spent 
fuel) of ORIGEN2 can be found in Refs. OR-3 and OR-4.) 

[OR-21Croff. A.G.; "ORIGEN2: A Versatile Computer Code for Calculating the Nuclide Com- 
positions and Characteristics of Nuclear Materials," Nuclear Technology, Vol. 62, Sep- 
tember 1983. 

[OR-3lHennann. O.W.. S.M. Bowman, M.C. Brady and C.V. Parks; "Validation of the Scale 
System for PWR Spent Fuel Isouopic Composition Analyses," ORNLJTM-12667, Oak - Ridge National Laboratory, March 1995. 

[OR4]Broadhead, B.L., M.D. DeHart, J.C. Ryman, J.S. Tang and C.V. Parks; "Investigation of 
Nuclide Imponance to Functional Requirements Related to Transport and Long-Term 
Storage of LWR Spent Fuel," Oak Ridge National Laboratory, June 1995. ORNJnX- 
12742, 

[RE-IIRechard, R.P.; "An Introduction to the Mechanics of Performance Assessment Using 
Examples of Calculations Done for the Waste Isolation Pilot Plant Between 1990 and 
1992, SAND93-1378, UC-721, Sandia National Laboratories, Albuquerque, New Mexico, 
Printed October 1995. 

[SA-1lL.C. Sanchez (SNL Org 6741) and S.G. Bertram (SNL Org 6747); Memo to L.E. 
Shephard (SNL Org 6800). subject: "WIPP Capacity", dated October 6, 1995. 

[SNL-11 
Sandia WIPP Project. 1992. Preliminary Performance Assessment for the Warre Isolan'on 
Pilot Plant, December 1992. (SAND92-0700). Albuquerque, NM; Sandia National 
Laboratories. 

[SNL-21 
L.C. Sanchez (SNL Org 6741); Memo to M. Marietta (SNL Org 6821), dated February 26, 
1995. 

[SNL-31 
He1tonJ.C.. J.W. Garner, R.P. Rechard, D.K. Rudeen, and P.N. Swift. 1992; Preliminary 
Comparison with 40CFR191, Subpart B for the Waste Isolation Pilot Plant, December 
1991. Volume 4: Uncertainty and Sensitiviry Analysis Results, SAND91-089314. Albu- 
querque, NM; Sandia National Laboratories. - Ism1 
J.W. Garner (SNL Org 6749); Memo to: C.T. Stockman (SNL Org 6749), Subject: 
"Radioisotopes to be used in the 1996 CCA Calculations", dated: 3/15/96 



determined such that releases from the disposal system, the land withdrawal boundary for 
the WIPP [less than the maximum 5 Ian ( - 3 mi) from the boundary of the disposal 
region] into a river providing a large population with drinking water, would result in fewer 
than 1000 cancer deaths over 10,000 yr, a health hazard from the amount of unmined 
uranium ore needed to produce 100,000 metic tons of reactor fuel (Ref. EPA-2). 

Further infomation can be found in Table 4. This table identifies the 42 radionuclides 
within the TWBIR that contribute to the release limits. From tbis table it easily identified 
that the plutonium and americium radionuclides dominate the EPA units. Also, the total 
number of EPA units is 10,120 Ci for a unit of waste value of 4.07. This indicates that 
over the regulatory time frame, on an average, the allowable release of radionuclides is . , \, 

1110,120 or - 100 ppm (parts per million). In Table 5, there is a list of the radionuclides 1 
that are not reported in the TWBR but are applicable to 40CFR191 (these radionuclides ,- 

. , 
tend to be difficult to produce and are not expected in appreciable amounts). (Should 
significant quantities of any of these radionuclides be identified in the future, they will be 
factored into the normalized release calculations.) Also presented in this memo are Tables 
6 and 7. These tables, only of minor concern with respect to EPA limits, are shown to give 
additional information. 

From the tables presented in this memo, especially Tables 2, 3 and 4, it should be apparent 
that the most important radionuclide are the americiums, plutoniums, and uraniums. This 
was verified by Helton et al. (Ref. SNL-3), and the eight isotopes that dominate the 
radioactive material that could cross the WIPP regulatory boundary under breach scenarios 
are: Pu-239, Am-241, Pu-238, Pu-240, Np-237, U-234, U-233, and Th-230. U-234, U-233, 
and 73-230 are not snictly speaking "transuranic", but are included because they are long- 
lived daughters of the transuranic radionuclides, and are expected to be present in the TRU 
waste in non-negligible amounts (either as initial invento~y or as ingrowth during the 
10,000 year regulatory time frame). This is also demonstrated in Figure 1 which shows 
the temporal changes in radionuclide activity in a panel of the WIPP repository that occurs 
as a result of radioactivity decay for the eight most important radionuclides [the plots in 
Figure are taken from RE-I]. At 10,000 yr, the total normalization activity in a panel for 
all omitted radionuclides is less than 2 percent of the EPA limit (inclusion of radium-226 
drops the total normalized activity to one percent). 
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Figure 1. Changes in radionuclide activity of w s t e  in (based on the inventory 
used in the 1991 performance assessment calculations) a) activity unnonnal- 
ized, b) and the one WIPP panel normaiized by number of panels in the WIPP 
(9.49). waste factor 4.225 (million curies in 1992). and the EPA release limits 
(usually 1000) [Taken from Ref. RE-11. 



I Table 1. 6 
Key Radionuclides of Concern to 1999 WIPP PA (a) 

Cm-248 
Cs-137 
Np-237 
Pa-23 1 
Pb-210 
h - 1 4 7  

are decay d a ~  
)6 CCA calcul 

Pu-238 Ra-226 
Pu-239 Ra-228 
Pu-240 Sr-90 
Pu-241 Th-229 
Pu-242 Th-230 

Th-232 

~g ters that are be calculated within 1 
lations. (See Ref. SNL-4) 

Table 2. 
Release Limits for the Containment Requirements (a) 

Radionuclide 

Americium (Am)-241 or -243 
Carbon (C)-14 
Cesium ((2s)-135 or -137 
Iodine 0-129 
Neptunium Wp)-237 
Plutonium @)-238, -239, -240, or -242 
Radium @a)-226 
Snontium (Sr)-90 
Technetium (Tcb99 
Thorium (Thj-230 or -232 
Tin (Snb126 

Any other alpha-emitting radionuclide with a half-life greater 
than 20 years 

Any other radionuclide with a half-life greater than 20 years 
that does not emit alpha particles 

Release Limit per 1000 MTHM (b) 
or Other Unit of Waste (c) 

(Ci) 

(a) Based on Table I of Appendix A of Ref. EPA-1 
(b) Metric tons of heavy metal exposed to a burnup between 25,000 and 40,000 MWdItonne heavy metal. 
(c) For TRU waste the unit of waste is "An amount of Transuranic (TRU) wastes containing one million curies 

of alpha-emim'ng transuranic radionuclides with half lives greater than 20 years" (Ref. EPA-lb). 



Table 3. 
40CFR191 Unit of Waste for WIPP TRU Waste (a) 

ID 

(b) 

Ac225 
Ac227 
Ac228 

Agl09m 
AgllO 

Agl lorn 
Am241 
Am242 

Am242m 
Am243 
Am245 
A017 

Ba137rn 
Bi210 
Bi2ll 
Bi212 
Biz13 
Bi214 
Bk249 
BkXO 
C14 

Cd109 
Cdll3m 
Ce144 
CR49 
CR50 
c m 1  
cnn 
Cm242 
Cm243 
Cm244 
Cm24S 
Cm246 
Cm247 
Cm248 
Co58 
CC60 
Crs 1 

Cs134 
G I 3 5  
a137 

. Er254 

Nuclide 

Half- 
Life 

(4 

10.0 d 
21.77 a 
6.15 h 
39.8 s 
24.6 s 

249.8 d 
432.7 a 
16.02 h 
141. h 

7.37E43 a 
2.05 h 
32 ms 

2.552 m 
5.01 d 
2.14 m 
1.009 h 
45.6 m 
19.9 m 

3.2E42 d 
3.217 h 
5730 a 

462.0 d 
14.1 a 

204.6 d 
351 a 
13.1 a 

9.OEi42 a 

2.638 a 
162.8 d 
29.1 a 
18.1 a 

85Ei43 a 
4.76EeM a 
1.56E+07 a 
3.48E+05 a 

70.88 d 
5.271 a 
27.70 d 
2.065 a 

2 . 3 E a  a 
30.17 a 
276 d 

WIPP TRU Waste 

Total 
Inventory 

[Curies] (d) 

Transuranic 
Inventory 

[a-Curies] (e) 

% of 
Unit of 
Waste 



Table 3 Continued. 
40CFR191 Unit of Waste for WZPP TRU Waste (a) 

Nuclide WIPP TRU Waste 

Decay 
Mode 

(4 

Y.E 
0- .7 .@ 

B-,Y.CI 

P-.u 
E 

0-.7 

a . 7  
a . P - . r  

P- 

F . 7  

0-.7 

CI 

0 - . r  
0 - , 7 . r  

E 

P- 
a.r 
B.7 

0-.Y 
B.7 

B - . r . r  

a . 7  

F . 7  

B-.r 
V . 7 . n  

D- 
a.B-,y 

r . 7  

r . 7  

0-.r 
r . 7  

B-.Y 

a . y  

a.r  
a 

a 

a . 7  

a.r.r 
a . 7  

a . V . 7  

B.Y 
a . r ,S f  

Total 

[Curies] (d) 

~~~ 

Transuranic 
Inventory 

[a-Curies] (e) 

% of 
Unit of 
Wasre 

(45) 

1.45E-03 



Table 3 Continued. 
40CFR191 Unit of Waste for WIPP TRU Waste (a) 

Life 
[Curies] (d) 

(c) 
I 

Nuclide WIPP TRU Waste 7 Transuranic 
Inventory 

[a-Curies] (e) 

% of 
Unit of 
Waste 
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Table 3 Continued. 
40CFR191 Unit of Waste for WIPP TRU Waste (a) . A 

Nuclide WIPP TRU Waste 

ID Decay 
Mode 

Half- 
Life 

Transuranic 
Inventory 

[a-Curies] (e) 

Total 
Inventory 

2.2 m 6.22E-02 
1.30 m NR 
70 a 2.58E41 

1.592E45 a 1.79E43 
2.46E45 a 4.65E42 
7.04E48 a 1 2 8 E 4 I  

2342E47 a 3.33&01 
6.75 d 5.66E41 

447E+09 a 3.96841 
14,l h 1.50E-06 
2.67 d 6.85E43 

243.8 d NR 
1.5EtM a 5.638-03 
64.02 d 1.15E-09 

- 

% of 
Unit oi 
Waste [Curies] (d) 

Sum = (2.283EcM) 100.00 Cn 

2383Et04 (k) 
6 . 4 2 E 4  

01) 

-- ~ -- - ~ - 

NR Not Reported by sites (see Ref. CCA-2). 
t Dam values for radionuelides were previously reported in Rev. I of .UPIWBIR (Ref. BIR-I). 
7 Data values for radionuclidcs were previously reported in Rev. 2 of TWBIR (Ref. BIR-2). 

(a) Radionuclide inventory information taken fmm Transuranic Waste Basclioc Inventory Database O1KBID). Ref. CCA-2. 
(in total. 135 radionuclides are inventoried in the TWBID) 

01) Radionuclides in bald an those 29 incorporated into the WIPP PA daubasc, Rcf. SNL-4. 
(c) Decay mode and half-life information taken fmm the Chan of the Nuclides, 14th Ed. Ref. GEI .  [It is bcncr for &mi- 

cal calculations. to use Mfliver that arc extracted fmm the databares of ORIGW2 [Ref. OR-]] because the ORIGEN2 
data are of a later vcnion than that of Ref. GE-I (see Ref. SNL-5 for ORIGEN2 values).l . 

Sum = 

Top 5 Radionuclides 

744EtM 

0) 
(4.ME&) 
4 . m  

(Unit of Wale  = 4.07) (m) 



Total inventory (curie) data t&en from Ref. CCA-2. Values correspond to a "WIPP-Scale" design basis. 

Transumic inventory d u a  corresponds to the activity (curie) data only for radionuclides that ax 'tansuranic waste" per 
definitions in 40CFR191 Inventory data in bold corresponds to those data incorporated into the WIPP PA database (see 
Ret  SNL-l). 

Isotope with dominate curie load for CH-TRU wastes. 

Isotope with dominate curie load for RH-TRU wastes. 

Note, the tatal CH-TRU curie load is 6.42 MCi (also, 86.3 % of the total curie load in WIPP). The average CH-TRU 
volumetric total curie load is 642E+06/5,95Ec06 = 1.08 (Ciicu. A,) = 38.1 (Ciicu. m.). [See discussion note on Rcf. 
LWA-I for volumes - CH-5.95Ei05 cu. ft. Also note that the 5.95EtC4 volume number is s volume limit. stored 
wme  and projected w m e  volumes sum up to a volume less than this volume. The summed up volume is then "scaled" 
to yield a total volume of 5.95E46, likewise the curie loads are also "scaled" by the same factor. Thus r h o s  of curie 
loads (or hen loads) to volume yield values arc applicable to expected waste at WIPP (see Ref. BIR-2d). I 
Note. the total RH-TRU curie load is only 1.02 MCi (also, only 13.7 % of the total curie load in WIPP). This curie 
load is much less than the RH-TRU limit of 5.1 MCi p e f .  LWA-I]. Thc average RH-TRU volumetric total curie load 
is 1.02Ei0510.25Ec06 = 4.08 (Ci/cu. fi.) = 144. (Cilcu. m.). [See discussion note on Ref LWA-I for volumes -- 
RH+0.25E+06 cu. A,] 

Note, there arc only 15 radionuclides chat comprise the ''transuranic waste' (see foomate e above). Elcvcn of these 
radionuclides arc included in the WIPP PA data b a u  and compand to 99.99999% of the total CH "transuranic" invca- 
tory. The average CH-TRU volumcttic "tnnruranic" curie load is 4.048E+06/5.95E+06 = 0.680 W u - C i l ~ .  R) = 
24.0 (TRU-Cim. m.). 
Note, there are only 15 radionuclides that comprise the "tansuranie waste" (see foomote e above). Eleven of these 
radionuclides are included in the WIPP PA data base and correspond to 99.99998% of (he total RH '"transmit" inven- 
tory. The avenge RH-TRU volumetric "hansuranie" curie load is 2.283E+04/0.25E+06 = 0.0913 W P C i i m .  ft) = 
3.22 ( T R U - C i a  m.). me RH contribution to the WIPP-sdc inventory of transwanic curie load is 
2 ?S3ETM'100% (2 283ETM - 4 M8E&)=0.56Iro (very s m a b ]  Natc. thrr vdue IS m order of nugnmde less thm 
Ihu p-ntci for the CH-TRL waves - smcc the mlonry of the cunc contcnl of the RH-TRU uasle i s  due to rhoncr- . . 
lived "on-uansuranic radionuclides, this means that as the shoner-lived components decay away the remaining RH-TRU - waste will have a lesser curie content than CH-TRU waste (i.e.. as the RH-TRU waste decays, it becomes "wimpier" 
than CH-TRU waste). This is evident from the RH S ~ d y  (Ref. DOE-I) which showed that after about 150 * 250 
years that CH-TRU waste has a higher specific activity than that of RH-TRU waste. 

(I) It is interesting to know that the Yucca Mountain Project (YMT) has approximately 12.4 billion curies of inventory 
(spent fuel - 6 3 . W  MTU [YMP-lb] X 1.57845 C !  [YMP-lc] + vitrified high-level waste - 2.47E+09 Ci 
W P - I d ] ) .  Thus YMP is equivalent to 1660 WlPPs as far as curie load is concerned. Even though WIPP is less than 
one pan in a thousand in comparison to YMP it still q u k s  the same amount of work (with the exception of thermal 
effects) to demonsme compliance for WIPP as it does for Y M P  because the EPA compliance ~ q u k m e n t s  are based 
on a normalized basis (i.e., whether a repository has a rsdionuclidc inventory on the order of millicuries. curies. millions 
of curia (like WIPP), or billions of curies (like YMP), the amount of work (with the exception of t h e d  effects) to 
show compliance is the same). 

ern) Nolc. thc unit ui wlirc ( I N ,  calculucd to L- ngruficmt figures) rr thc same whcthcr thc W is dcu lved  usmg dl 
nulable  mfomuoon in thc TWBIU (Ref CCA-2) or WOK the h s d  data wahn the WlPP PA U a s c  [Also. only 4 
radionuclides (Am241, Pu238. Pu239, and Pu240) make ip 99.96% of the Unit of Waste value [see ~ e t  EPA-lbj -- 
using 5 radionuclidcr (adding Pu242) makes up 99.9936% of the Unit of Waste value]. 



Table 4. 
40CFR191 Release Limits for WIPP TRU Waste (a) 

Nuclide 

Decay 
Mode 

(c) 

a . 7  
a . F . 7  
a.B-.r 
rrc- 

B-.Y.E 
B- .rJe-  
a . 7 3  
B.Y.Ec- 
a .  n e -  

a.p-.7 

B-.u 
a .V.7  

a . B . 7  
a . B . u  
a,B-.r 
a.B-,r 
a .0- .r  
a . B . 7  

B-.Y 

F 
1.E 

p-,rr 

B-.Y 
a . 7 3  
a.r.SF 

a . 7  
a . 7 3  
a . 7 3  

a.y,SF.r 
a.y.SF 
a,r.SF 
a.r.SF 

a . 7  
a,SF 

V.7 .e  

r . 7  
er  

V.7.E 
0- 

p-.7 
a . 7  

Half- 
Life 

(c) 

10.0 d 
21.77 a 
6.15 h 
39.8 s 
24.6 s 

249.8 d 
432.7 a 
16.02 h 
141. h 

7.37E43 a 
2.05 h 
32 ms 
2.552 rn 
5.01 d 
2.14 rn 
1.009 h 
45.6 rn 
19.9 rn 

3.2E+02 d 
3.217 h 
5730 a 
462.0 d 
14.1 a 
2M.6 d 
351 a 

13.1 a 
90E+02 a 
2.638 a 
162.8 d 
29.1 a 
18.1 a 

8.5E43 a 
4.76E43 a 
1.56EUV a 
3.48E45 a 
70.88 d 
5.271 a 
27.70 d 
2.065 a 
2.3E+06 a 
30.17 a 
276 d 

WIPP TRU Waste 

Total 
Inventory 

[Curies] (d) 

Release Limits 
Inventory 

[a-Curies] (e) 
EPA 
Unit 

1.50E-03 

1101. 

8.01E-02 

3.16E-02 

1.69E44 

9.29E-06 

0.128 

0383 
2.51E04 
7.89E-12 
UOE-04 

1.52E-07 
55.1 



Nuclide WIPP TRU Waste 

Decay Half- 
Mode 1 Life 

Total 
Inventory 

[Curies] (d) 

Release Limits 
Inventory 

[a-Curies] (e) 

(CiJLMr) 

100. 

1000. 

1000. 
loo. 

loo. 

100. 

IMX). 

EPA 
Unit 
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Table 4 Continued. B 
40CFR191 Release Lits  for WIPP TRU Waste (a) 

Nuclide WIPP TRU Waste 

Decay 
Mode 

(4 

a.y.SF 
a.r.SF 
a.y.SF 
a.B-.u 
a.r,SF 

B-.u 
a.SF 

a.7 
a.7 
b-.r 
a .7  
B.7 
V.7 
a .7  
a.7 
a .7  
P- 

6-.u 
B.7 
7.u-  

B 
B.7 

7,lTe- 
P-.r.rr- 

B.7 
B-.r 

B- 
B.7 
V.7  

7 .m-  

6 . 7  
P-.rflca 

a.u 
0.7 
a.7 
a.7 
F.7 
a.7 
b-.7 
B-.u 
V.7 

Half- 
Life 

Total 
Inventory 

[Curies] (d) 
I 

Release Limits 
Inventory 

[a-Curies] (e) 

- 

EPA 
Unit 



Table 4 Continued. 
40CFR191 Release L i t s  for WIPP TRU Waste (a) 

Nuclide I1 WIPP TRU Waste 

ID 

(b) 

l l209  
m l o i  
U232 
U U 3  
urn 
U U S  
U U 6  
U237 
U U 8  
U240 
Y90 

&65i 
M 3  
M 5  

Decay 
Mode 

(c) 

Total 
Life Inventory 

[Curies] (d) 

Release Limits 
Inventory EPA 

[a-Curies] (e) Unit 

Sum = / /  642EiC6 

sum = 11 7.44E+06 

Top 10 Radionuclides (k) 

EPA Unit 

Total 

2.61EiC6 
7 .95E45 
4 . 4 8 E 4 5  
2 . 1 5 E 4 5  
2 . 2 4 E 4 5  
1 .16E45 
1 .95E43 
1 .17E43 
5.08Et02 

- 1.15E42 

NR Not Reponcd by rites (sce Ref. CCA-2). 
i Dam o.values fai ndionuclides wem previously reponed in Rev. 1 of WIWBIR (Ref. BIR-I). 
t Data values for ndionuclidw were previously repaned in Rev. 2 of TWBIR (Ref. BIR-2). 



Radionuclide inventory informadon tJken from Transuranic Waste Baseline Inventory Database (TWBID), 
Ref. CCA-2. (in total. 135 radionuclides are inventoried in the TWBID) 

Radionuclides in bold are those 29 incorporated rnto the WIPP PA database, Ref. SNL-4. 

Dewy mode and half-life information taken from the Chan of the Nuclides. 14th Ed. Ref. GE-I. [It is better 
for technical calculations. to use halflives that are extracted fram the databases of ORIGENZ [Ref. OR-I] 
becaure the ORlGEN2 dam ax of a later version than that of Ref GE-1 (see Ref. SNL-5 for ORIGEN? 
values).] 
Total inventory (curie) dam taken fram Ref. CCA-2. Values camspond to a "WIPP-Scale' design basis. 

Release limis are determined in accordance with 40CFR191 (Appendix A, Table 1) [Ret EPA-I]. Left 
column cornsponds to specific release limits (cumulative releases to the accessible environment for 10 .W 
yean after disposal per "unit of waste'' identified in Note I(e) of Table I, Appendix A. 40CFR191). Right 
column corresponds to release limit obtained for 4.07 Units of Waste (see Table 2 for calculation of the Unit 
of Waste) determintd from data in the Transuranic Wasv Baseline Inventory Database (BID) [Ref. CCA-21. 

Isotope with dominate curie load for CH-TRU wastes. 

Isotope with dominate curie load for RH-TRU wastes. 

Note. the total CH-TRU curie load is 6.42 MCi (also, 86.3 % of the total curie load in WIPP). The average 
CH-TRU volumetric total curie load is 6.42E+06/5.95E& = 1.08 (Cilcu. ft.) = 38.1 (CVm. m3. [See dis- 
cussion note on Ref LWA-I for volumes -- CH+5.95E+06 c". ft. Also note that the 5.9SE+06 volum 
number is a volume limit. stored waste and projected waste volumes sum up to a volume less than this 
valum. The summed up volume is then 'scaled" to yield a total volume of 5 . 9 5 E 4 ,  likewise the curie 
loads ax also "scaled" by the ram= factor. Thus ratios of curie loads (or hear loads) to volume yield values 
are applicable to expected wastc at WIPP (see Ref. BIR-Zd). I 

Note. the total RH-TRU curie load is only 1.02 MCi (also. only 13.7 % of the total curie load in WIPP). 
This curie Load is much less than the RH-TRU limit of 5.1 MCi mef. LWA-11. The avenge RH-TRU 
volumetric total curie load is 1.02E&/O.ZSE+06 = 4.08 (Cilcu. fr.) = 144. (Cicu. m.). [See discussion 
note an Ref. LWA-I for volumes -- RH+0.25€+06 cu. ft.1 
Note. there arc 42 radionuclides that comprise the "EPA Unit" (see foomote e above). 25 of these radionu- 
clides are included in the WIPP PA data base and correspond to 99.99903% of the total CH- and RH-TRU 
'EPA Unit'' inventory. The avenge CH-TRU volumemc "EPA Unit" load is 9.956E43/5.95E+06 = 1.67E- 
03 @PA UniUm. ft) = 5.91E02 (!&PA UniUcu. m.). The average RH-TRU volumeVic 'EPA Unit' load 
is 1.611E+02/0.25E+06 = 6.44E04 (EPA UniUeu. f t )  = 2.28E-02 W A  Unitla. m.). [The RH conmbu- 
tian to the WIPP-scale inventory of fransuaie curie load is 1.611E+M*100%/(1.6llE+U2 + 
9.956E43)=1.592% (very rmaU).] Note. this value is about two orders of magnitude less than 
presented for the CH-TRU wastes -- s i n e  the majority of the curie cootent of the RH-TRU wastc is due to 
shoner-lived non-franruranic radionuclldw, this mans  that as the rhaner-lived wmponens decay away the 
remaining RH-TRU warrt will have a lesser c u i e  content than CH-TRU waste (i.e., as the RH-TRU waste 
decays. it becomes "wimpier' than CH-TRU waste). This is evident from the RH SNdy (Ref. W E - I )  which 
showed that afvr about 150 + 250 yean that CH-TRU waste has a higher specific activity than that of RH- 
TRU waste. 

Note. the W A  Unit (calculared to four szgnificant figures) is the samc whether the EPA Unit is calculated 
using all available information in the W I D  (Ref. CCA-2) or using the limited data wivithin the WlPP PA 
database. [Also, only 4 radionudidcs (FuZ38. Pu239. Am241. and Pu240) make up 98.83% of the W A  Unit 
(see Ref. EPA-Lb) - using 6 radionuclides (adding Cs137 81 Sr90) makes up 99.9023% - using fhe top 10 
radionuclides makes up 99.9932% of the EPA Unit]. 



Table 5. 
Radionuclides Ap licable to 40CFR191 

But Not ~ e ~ o g d  in TWBIR (a) 

I/ Any other alpha-emitting radionuclide with a half-life > 20 yr 

- -  - - ~  

Gd-152 
Hf- 174 
Nd- 144 
No-235 

/ /  Any other radionuclide with a half-life > 20 yr that does not emit alpha particles 

(a) See Refs. B E - 2 b  & EPA-1. 
(b) It has not yet been proven that Cm-250 decays by anything other than spontaneous 

fission (since Cm-250 is very neutron rich, it is very difficult to generate it [GE-lb]) 



Table 6. Disposal Radionuclide Inventory 

11 

ID Total 
Jnventory 
[Curies] 

WIPP TRU Waste 

Mass 
Load 

Moles 
Load 

[Moles] 
(c) 
RH Total 



ID Total 
Inventory 
[Curies] 

WIPP TRU Waste 

Mass 
Load 
[Kg1 
0 

RH 

- 
.. 

7.05503 
2.198-03 
234504 
6.75&08 

.. 
6.60513 
2.69E-16 
6.88E-09 

- 
4.28E-06 
3.03E-09 
1.71E-08 
5.88E-12 

- 
1.60E-05 
4.04EtW 

- 

9.83613 
2.09E-22 
4.04M5 
1.37E-M 
681E-12 
1.53E-ll 
2.57E-l l 
9.38E-I1 
3.07&14 
5.30511 
1.09E-15 
3.36&05 
1.15E-05 
1.59612 
2.22&20 
2.66522 
9.12E-21 
l.llE22 
2.57E20 
2.11516 
l.7JE-16 
6.71511 

- 

Total 

2.27E-I7 
5.3OE-10 
7.06503 
2.19E-03 
2.568-04 
6.75E-08 
5.36E-15 
1.69E-11 
2.17E-13 
9.74E-08 
3.998-06 
4.79E-a 
314E-09 
1.71E-08 
588E-12 
9.92845 
3.09E-05 
8.36EGl 
3.38E-I1 
1.41E-07 
1.4ZE-I7 
9.59E-03 
2.84E-06 
3.25E-1 l 
730E-l l 
6.60E-10 
3.34E-05 
2.4X-l l 
1.96E-08 
3.54E-10 
1.78864 
2.OOE-05 
5 . 6 8 W  
1.798-17 
9.788-20 
2.33E-19 
3.62E-17 
2.07517 
7.8OE-14 
4.lOE-11 
6.798-1 1 
1.968-08 

Moles 
Load 

Moles] 
(c) 
RH Total 
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Table 6 Continued. Disposal Radionuclide Inventory 

11 

Juclide (1 WIPP TRU Waste 

Total 
Inventory 
[Curies] 

- d p z -  
2 . 6 1 3 4  145E+03 

(e) 
7.85E45 103EiC4 
2.10E45 5.07E43 
2 . 3 1 E a  142E45  
1.17E+03 1.50E-01 
3.21E-09 NR 
1.50E-06 22IE-ll  
6.WE-01 7.58E-04 
2.7lEMl 7.36E-02 
2 . 8 8 E 4  1.17E-01 
1.16E41 3.58E-05 
7.47E-01 777E-02 
2.90E-M 109E+01 
6.09E-01 758E-04 
271E+0I 7.36E-02 
1.16E41 3.58E-05 
2.9OE-02 1.09E41 
1.21E-Ol 1 . 8 9 E 4  
1.35E-04 3.16E-05 
9.65E-04 2.25E-04 
4.35E-04 1.02E-04 
1.47E+00 3.57E-01 
4.14E-06 9.59E-07 
2.668-02 6.69E-03 
9.65E-04 2.25504 
NR NR 

6.85E43 2.09E+05 
NR 4.218-08 

2.52E41 5.85E-03 
2.95E-02 4.65501 
1.30E-07 1.71E-09 
1.33E-07 1.75509 
6.01E-01 747E-04 
2.71E4I 7.36502 
2.88Ec00 1.17E-01 
8.06E-02 7.56E-03 
1.28E4I 4 . 6 3 E 4  
913E-01 9.25E-02 
396E+01 1.05E+0I 
6.07E-01 7.56EW 

Mass 
Load 
[%I 
0 

RH 

8.47E-02 

1.66E42 
2.23E41 
1 . 3 8 E 4  
3.93E-02 

-- 
1.25E-09 
1.48E-ll 
4.62E-I0 
2.98E69 
3.62E-08 
3.32E-07 
3.06E-12 
5.83E-17 
7.98E-I4 
2.33E-13 
325E-06 
183E-06 
338E-I3 
2.86E-15 
1.46E-06 
1.36E-05 
2.14E-I3 
1.13E-07 
7.938-06 

.. 
1.53EiOI 
6.795-15 
3.45E-04 
258E-MI 
6.4E-19 
1.85E-I6 
243E-11 
8.98E-08 
HOE-04 
3.7SE-04 
8.71E-09 
8.44E+02 
4.54E-07 
397E-15 

Moles 
Load 

[Moles] 
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Table 6 Continued. Disposal Radionuclide Inventory 

ll~uclide 1) WIPP TRU Waste 

ID Total 1 Mass 
Inven~ 
[curi' 

:ow 1 Load 
Moles 
Load 

[Moles] 
(c) 
R H  

Not calculated. 
Not Reponed by sites (see Ref. CCA-2). 

Data values for radionuclides were previously reported in Rev. 2 of rWBIR (Ref. BIR-2). 
Radionuclide inventory infomalion taken from Transuranic Waste Baseline Inventory Dmbare W I D ) .  
Ref. CCA-2. (in toral, 135 radionuclides are inventoried in the WID) Values carrespond to a "WIPF- 
S d e "  design basis. 
Dam calc&ed Emm the equation; 

Mass Load = TOTAL ACIPWl'lY(Ci) 
3.7E+lO(dir/sec) 7% ArWr kg --- 

Ci ln(2) Nu lOOOgrn 
Data calculated from the equation., 

1 lOOOgm 
Mole Load = MassLoad - - 

ArWr kg 
Isotope with dominate curie load for CH-TRU wastes. 

Isotope with dominate curie load for RH-TRU waster. 

Isotope with dominate mass laad for CH-TRU wastes. 

Isawe with dominate mass load for R H - m u  wastes. 

lsotope with dominate mass load for CH- & RH-TRU wastes. 

Isotope with dominate mole load for CH-TRU wastes. 

Isotope with dominate mole load for RH-TRU wastes. 

lsotope with dominate mole load for CH- & RH-TRU wastes. 



Table 7. Disposal Radionuclide Inventory 

Nuclide I WIPP TRU Waste 

Heat 
Load 

% Heat 
Load 
[%I 
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Table 7 Continue. Disposal Radionuclide Inventory 

"is - 

I - 
Nuclide 

Energy Total 
Inventory 
[Curiesl 

WIPP TRU Waste 

Heat 
Load 

% Heat 
Load 
P I  



Table 7 Continue. Disposal Radionuclide Inventory 

WIPP TRU Waste 

Total 
Inventory 
[Curies] 

I Heat 
Load 

[watts] 

% Heat 
Load 
ws 



Table 7 Continue. Disposal Radionuclide Inventory 

Nuclide 

Energy Total 
Inve 
ICL 
1 

CH 

6.22E-02 
2.58EdI 
1.79E+03 
4.65Ei02 
1.28E+01 
3.33E-01 
5.66E+Ol 
3.96E41 
150E-06 
6.85E+03 

NR 
5.63E-03 
1.15509 

6.42E+06 

(i) 

WIPP TRU Waste 

Heat % Heat 
Load 
[%I 

Not wlculated. 
Not Reported by sites (see Ref. CCA-2) 

D m  values for radionuclides were previolrsly reported in Rev. 2 of M I R  (Ref. BIR-2). 

Data from Ref OR-I. 

Radionuclide inventory information taken from Tmuranic  Waste B e l i n e  Inventory Databav ( M I D ) ,  Ref. CCA-2. (in 
total. 135 radionuclides arc inventoried in thc M I D )  Values comswnd to a "WIPP-Scale" desien basis. - 
Data calculated from the equanon; 
Heat Load = TOTAL Af f f f ITY(Ci )  

E+06eV 1.60219E-191 wan-sec 3'7E+1qdis/sec) ENERGiJ(MeV/dis) - 
Ci MeV eV J 

Hear Load (watts) = 0.005928103 x TOTAL AffffITY(Ci) xENERGY(MeV/dis ) . . 

Isotope with dominate curie load for CH-TRU wastes. 

Isotope with dominate curie load for RH-TRU wastes. 

Isotope with dominate heat load for CH-TRU wastes. 

lsotope with dominate h a t  load for RH-TRU wastes. 

Note, the total CH-7RU curie load is 6.42 MCi (also, 86.3 % of the total curie load in WIPP). The average CH-TRU 
volumetric total curie load is 6.42EX)6/5.95E+06 = 1.079 (Ciku. ti.) = 38.10 (CUm m.). [See discussion note on Ref. LWA-I 
for volumes -- CH+5.95E+06 cu. f t  Also note that the. 5.95E+06 volume n u d e r  is a vol- limit, s t o ~ d  waste and pmjcaed 
w w e  volumes sum up to a volume 1- than this v o l m .  The summed up volumc is thcn 'scaled" to yield a total volomc of 
5.95E+06, likewise the curie loads are also "scaled" by the samc factor. Thus ratios of curie loads (or heat loads) to volvme 
yield values applicable to expectcd waste at WIPP (See Ref. BIR-2d). 1 
Note, the total RH-TRU curie load is only 1.02 MCi (also. 13.7 % of thz total mcie load in WIPP). This cvrie load is much 
less than the RH-TRU limit of 5.1 MCi Ref. LWA-I]. The average RH-TRU volumetric total curie load is 
I.ME+W~.ZSE+06 = 4.08 (Cicu. ft.) = 144.1 (Cileu. m.). [See discussion note on Ref. LWA-I for volumes - 
RH-iO.25Ei05 cu. fr.] 



*) Note, the total CH-TRU heat load is only U3. kW (also. 97.5 % of the total heat load h'WIPP). The ratio for CH-TRU of 
total heat load to total curie load is 133.EiQ3/6.42E+(M = 0.02W WlCi. 7he average CH-TRU volumetric M load is 
133.E+03/5.95E+06 = 0.0224 OV/cu. ft.) = 0.7894 (Wlcu. n). The average CH-TRU drum heat load is 0.7894 (Wlcu. m.)x 
0.2082 (cu. m.) = 0.1644 44. [The volume of a CH-TRU drum was set equal to the nominal volume of a 55-gal drum.] 

(I) Note, the total RH-TRU heat load is only 336 kW (dm. 2.5 % of the mtal heat load in WLPP). The ntlo for RH-TRU of total 
heat load to total curie load is 3.36E+03/1.02E+M = 0.003294 WlCi. The average RH-TRU volumetric heat load is 
3.36E+0310.25E+06 = 0.0134 W u .  ft.) = 0.47 (W/cu. m.). Thc average RH-TRU canister h a t  load is 0.47 (Wlcu. m.)x 
0.6246 (cu. m.) = 02964 W (this is about two times that of an average CH-TRU drum). [The volume of a RH-TRU cvlister 
was set equal to three times the nominal volume of a 55-gal drum. Even fhough the reponed volume of a RH-TRU unister is 
0.89 cu. m. (Ref. BIR-2e). these canisters am loaded with three 55-gal dnuns internally. Ref. DOE-I.] 
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Sandia National Laboratories 
Operaled lor the U.S. Dspanrnenl of Energy b 

Sandia Corporation 

10: Christine T. Stockman, MS-1328 

,m 6 m e s  W. Garner, MS-1328 

mt Radioisotopes to be used in the 1996 CCA Calculations 

The following 29 isotopes are the ones of interest &om the BIR Report. They are as follows: 

241 Am, Z 4 3 ~ m ,  2 5 2 ~ f ,  243~m,  2MCm, 2 4 5 ~ m ,  Z 4 8 ~ n S  1 3 7 ~ ~ ,  L 3 7 ~ P ,  231~a, 210~b, l4'pW 238~u,  2 3 ~ ~ ,  
240 

14 
Pu, 2 4 1 ~ ~ ,  2 4 2 ~ ~ ,  2 4 4 ~ ~ ,  "ka, %r, t 2 9 ~ h ,  2 3 0 ~ h ,  232~h ,  2 3 3 ~ ,  2 3 4 ~ ,  ? J ,  U 6 ~ ,  and ='u. 

C is not included because of its small inventory and a large inventory of other forms of carbon. 

There were chosen for their inventory content and CFR191 importance values. 
.-. All of these isotopes can be used in the codes that evaluate the direct releases &om Cuttings, 

Spalling, and Blowout. 

For the codes that compute the indirect releases (i.e., NUTS, CCDFGF and SECOTP), we need a 
shorter list in order to maintain a reasonable calculation burden. 

241~~11, 2 4 3 ~  245~171, 1 3 7 ~ ~ ,  237~p ,238~u ,  ? P u ,  2 ~ ~ ,  242~u,  9 0 ~ r ,  Th, ='Th, Z j ~ 4  2 3 3 ~ ,  
234 U, '%, 2 3 6 ~ ,  and 2 3 8 ~  are selected because they all have an EPA normalized release greater 
than .01. This is still a large (19) number of isotopes to transport. 

To firther reduce the number of isotopes to transpoc let us look at uranium. From a EPA 
normalized perspective, 2 3 3 ~  and D 4 ~  are a factor of to 10' higher than the other uranium 
isotopes. We could drop 2 3 5 ~ ,  =%, and 2 3 8 ~  without any impact on the final EPA normalized 
release. Since the inventory in moles of U 3 ~  and D 4 ~  is less than one percent of the uranium 
inventory, we can reduce the solubility of uranium by a factor of 100. Furthermore, we can 

234 . combine 2 3 3 ~  and U ,to L 3 4 ~ ,  since their half-lives are similar. Likewise, with thorium we can 
combine f 2 9 ~ h  and 2 3 0 ~ h  into D o ~ h  k d  reduce the solubility by a factor of 1000 and drop 
With plutonium, we can combine =%u, 2 ? P ~ ,  and 2 4 2 ~ ~  into and we can also combine 
and ' 3 7 ~ s  into 9 0 ~ r  because of similar half-lives and transport properties. 

Eiceptional Service in the National Interest 



Christine T. Stockman, - 2 - ;I15196 

- 
This will leave us with the following ten isotopes: 
241 & 243~m,  24SCm, 23'~p, U g ~ ~ ,  23?~, *6Rq " ~ r ,  230~h,  U 4 ~ .  

At late times, we can drop "Sr and U 8 ~ ~  because of their short half-lives. 

To define late times for %, we can look at the plots and determine when the EPA releases drop 
below .l. This is about 300 years. For 2 3 8 ~ ~ ,  we can define late times as when the ratio of U 8 ~ u  
to 239~u is less than .01. This is about 800 years. 

We can rank these isotopes in order of EPA normalized release. 
all times: early times only: 

1) 239~u  releases from 2000 to 1000 1) ='Pu h m  3000 to 100@800yr 
2) 

7.4 1 Am releases from 1000 to .1 2) "Sr from 8 to .07@300 yr 
3) 

234 U releases from 7 to 8 
4) 

230 Th releases from . 6  to 5.0 
5) 

237 Np releases from . l  to .3 
6) 

245 Cm releases from .2 to . 1 
7) 

226 Ra releases from .02 to .2 
8) 

243 Am releases from .06 to ,025 

It then appears that we only need to transport 23?u, 2 4 ' ~ ~  2 3 4 ~ ,  and 230~h .  Any realizations that 
are close to the regulatory limit can be re-computed with the ten isotopes listed above. This -. 

scheme can be verified by a duplicate run using the 19 isotopes listed above. 

If a further reduction in the number of radioisotopes in needed to reduce calculation time, we 
could also eliminate 2 3 4 ~  and *OTh. This elimination should only be done as a last resort. 

cc: 
MS-1320 Richard V. Bynum 
MS-1320 E. James Novak 
MS-1328 Mert E. Fewell 
MS-1328 Jon C. Helton 
MS-1328 James L. Rarnsey 
MS-1328 Ali A. Shinta 
MS-1335 Margaret S. Y. Chu 
MS-1341 Lany H. Brush 
MS-1343 Ruth F. Weiner 
MS-1395 Mel G. Marietta 
. . . 
SWCF-A: 1.2.07.4.1: PA: QA: CCA: Radionuclide Source Term (2 copies) 
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EPA Normalized Inventow BIR Rev 2 

TIME 

l:IJWGARNE.CCA96.INVENTORYlDECAY SO1 S R001.CDB:lO BLOTCDB X-1.3520 03/01/96 09:35 



GENNET C-2.0320 06/14/95 
MATSET C-8.1OZO 0211 6/96 
PANEL 03/01/96 
ALGEBRAC 2.35 03/01/96 

I:IJWGARNE.CCA96.INVENTORYlDECAY SO1 S R001.CDB;IO BLOTCDB X-1.3520 03/01/96 0935 
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r - MATSET C-8.10~0 02/16/96 

PANEL 03/01/96 - ALGEBRAC 2.35 03/01/96 - 
- UZ3Y - 

I o3 
TIME 

II:~JWGARNE.CCA96.INVENTORYlDECAY SO1 S R001.CDB;IO BLOTCDB X-1.3520 03/01/96 0935 
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- - PANEL 03101 196 - 
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- 
- 

- - - - - 
- - 
- - 
- - 

- - - 
- 

- 1 NOOTH229 

-.-.-. 2 NOOTH230 - - -----. 3 NOOTH232 
- --- 4 NOONP237 

- ---. 5 NOORA226 

- 6 NOOAM243 
7 NOOCM245 

- - - 
- - 
- - 
- - 
- 

- - 
- - 
- - 
- - 
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EPA Normalized Inventow BIR Rev 2 

L 

TIME 

II:IJWGARNE.CCA96.1NVENTORYlDECAY SO1 S R001.CDB;lO BLOTCDB X-1.3520 03/01/96 0935 



EPA Normalized lnventorv BIR Rev 2 

TIME 

II:~JWGARNE.CCA~~.INVENTORY~DECAY SO1 S ROO1.CDB:IO BLOTCDB X-1.3520 03/01/96 00.75 

) ) 
I---- 



) 1 
BlR Rev 2, Mole Fraction 

phi 9 9  ' 7 GENNET C-2.0320 06114195 
: MATSET C-8.10ZO 01125196 - PANEL 3.5020 01/25/96 - ALGEBRAC 2.35 01125196 

Po % y o  = ALGEBRAC 2.35 01/25/96 - .................................................................. ................................. ......... 

. . 
TIME 

Il:IJWGARNE.CCA96.1NVENTORY.TRYIDECAY SO1 S R001.CDB:4 BLOTCDB X-1.3520 01/25/96 14:52 



BIR Rev 2. Mole Fraction 
----+----+- + ----*--*-*-*-4d-J 

7 -  + 
- GENNET C-2.0320 06/14/95 
I MATSET C-8.1020 01/25/96 - PANEL 3.5020 01/25/96 - ALGEBRAC 2.35 01/25/96 - ALGEBRAC 2.35 01/25/96 

TIME 

l:[JWGARNE.CCA96.INVENTORY.TRnDECAY SO1 S R001.CDB:4 BLOTCDB X-1.3520 01/25/96 14:52 



1 BIR Rev 2. . h e  Fraction 

E I I I I I ,  I l l  

- 9 - GENNET C-2.0320 06114195 MATSET C-8.10ZO 01/25/96 - PANEL 3.5020 01125196 - - 
ALGEBRAC 2.35 01/25/96 - - 
ALGEBRAC 2.35 01/25/96 

I o9 
TIME 

I:IJWGARNE.CCA96.1NVENTORY.TRYIDECAY SO1 S R001.CDB:4 BLOTCDB X-1.3520 01/25/96 14:52 
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Sandia National Laboratories 
Albuquerque, New Mexico 87185 

d a e  29March 1996 

to: Christine T. Stockman, MS-1328 (Org. 6749) 

from: Hans W. Papenpth, MS-1320 (Org. 6748) 

subject Colloidal Actinide Some Term Parametes 

This memorandum summarizes best estimates for the mobile colloidal actinide source tern 
for input to the WIPP CompLiance Certification Application. The use of material and 
parameter identification codes is consistent with your letter to me dated 29 March 1996 
requesting parameter values. In the attached table, I have provided best estimates for the 
following material-parameter combinations: - 

- - 

IDMTRL: Th, U, Np, Pu, Am 

- I D P m  C O N m  concentration of actinide associated with . . mobile actinide . - . . 
-- - intrinsic colloids 

CONCMIN concentration of actinide associated with mobile mineral 
hgment colloids 

CAPHUM maximum concentration of actinide associated with mobile 
humic colloids .. - 

CAPMIC maximum concentration of actinide associated with mobile - 
microbes 

PROPHUM proportionality constant for concentration of actinides 
associated with mobile humic colloids 

PROPMIC proportionality constant for concentration of actinides 
associated with mobile microbes 

As a first approximation, the colloidal behavior of curium can be simulated be using 
parameter values for americium. The basis for the values summarized in the attached table 
is described in the following record packages for WBS 1.1.10.2.1: 

. .. . . .. . 

- 
- WPO# 

35850 
35852 
35855 
35856 

Parameter Record Package Name 
MobileCoUoidal-Actinide Source Term 1. Mineral Fraggent Colloids 
Mobile-Colloidal-Actinide Source Term 2. Actinide Intrinsic Colloids 
Mobile-Colloidal-Actinide Source Term 3. Hurnic Substances 
MobileColloidal-Ac~de Source Term 4. Microbes 



Parameter Material Unils 

Value 

I I 
CONCMIN Th 13-09 13-10 1.3e-08 moles colloidal mincd- mangular 

fragmenc-bound Th per litcr 
of dispersion 

CONChrm l U  
frqnent-bound U per liter 
of dispersion 

COECMIN Np 
fragmcnt-bound Np per liter 
of dispersion 

CONCMIN Pu 1.3e-09 3 - 1 0  l.3c-08 molcs colloidal m i n d -  . manglar !; 
fragment-bound Pu pcr lim r 
of dispersion 

. : 
CONCMIN Am 1.3~-09 1.k-I0 1.3e-08 mole5 coUoidal mined- t nangu l~  Pd 

fragment-bound Am per liter 
of dispersion 

I 
0.0e40 moles actinide-intrinsic O.Oe& I colloidal Th per liter of 

disp-nion 

colloidal U per liter of 
disptnion 

0.0ei00 0.0:+00 O.Oe+Wimoles actinide-inuinsic constant 

-- , O N  CONUNT 1" Np 1 O.Oe+Oo I O . M  0.0c+00 moles actinide-inuinsic constant 
colloidal Np per l i m  of 
dispcision .: . . - 

CONCINT Pu I.&-09 

O.OetW 0 . M  O.Oe+Mf moles actinide-in&c co-t 
colloidal Am per liter of - 

. .. d i s p i o n  . .  . 

I 
P R O P W  Th 2, 

PROPHUM IU mola colloidal humic-bound h g u l a r  
.. . z3 ,  

. . .  . .  . U per moles . di55olvCd . U . . .  . ~. . 

2, 
. . . - - . . 
. ~ .-. 

. ... ~ 
- 2. 

. . . . ,. . , 

.. . 

. . 
. . ,  . . - 

Papenguth to Stockman. 29 March 1996. Page 1 of 2 
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Sandia National Laboratories 
Albuquerque; New Mexico 87185 

dare: 7 May 1996 

to: Christine T. Stockman, MS-1328 (Org. 6749) 

from: Hans W. Papenguth, MS-1320 (Org. 6748) 

subject: Parameter Record Package for Colloidal Actinide Source Term Parameters 

Attached is the Parameter Record Package for the WIPP PA parameters describing actinide 
concentrations associated with mobile actinide intrinsic colloids. This Package is one 
of four describing the concentration of actinides associated with the four colloidal particle 
types. The complete set of Packages consists of the following: 

copy with Attachments to: 

- 

MS 1320 Hans W. Papenguth, 6748 
MS 1320 W. George Perkins, 6748 

copy without Attachments to: 

WPO# 
35850 
35852 
35855 
35856 

MS 1320 E. James Nowak, 683 1 
MS 1324 Susan A. Howarth, 61 15 
MS 1328 Hong-Nian Jow, 6741 
MS 1328 Amy S. Johnson, 6741 
MS 1328 Martin S. Tiemey, 6741 - MS 1328 Mary-Alena Martell, 6749 
MS 1341 John T. Holmes, 6748 

Parameter Record Package Name 
Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids 
Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids 
Mobile-Colloidal-Actinide Source Term. 3. Humic Substances 
Mobile-Colloidal-Actinide Source Term. 4. Microbes 



Parameter Record Package for Mobile-Colloidal Actinide Source Term. 
Part 2. Actinide Intrinsic Colloids 

The parameter values in this package are based on data which were collected under the guidance 
of the Principal Investigator for the Waste Isolation Pilot Plant (WIPP) Colloid Research 
Program, Hans W. Papenguth, for input to the WlPP Data Entry Form and for use in WIPP 
Performance Assessment (PA) calculations. 

I. Parameter No. (id): Not applicable 

II. DataParametec Not applicable. 

JII. Parameter id (idpram): CONCINT. 

IV. Material: Intrinsic colloids of actinides Th, U, Np, Pu, and Am. 

V. Material Identification (idmtrl): Th, U ,  Np, Pu, and Am. 

VI. Units: Concentrations of actinide intrinsic colloids (CONCINT) are in units of "moles 
colloidal actinide per liter of dispersion." 

W. Distribution Information. 

A Category: The development of parameter values and their distributions is described 
,- in Attachment A. Summaries of the parameter values are presented in Attachments 

C, E, and F. Constant CONCINT values are supplied for all five actinide elements 
Listed above. 

B. Mean: See Attachments A, C, E, and F. 

C. Median: Not applicable. 

D. Standard Deviation: Not applicable. 

E. Maximum: See Attachments A, C, E, and F. 

F. Minimum: See Attachments A, C, E, and F. d 
i 

G. Number of data points: Not applicable. 

VIII. Data Collection and Interpretation Infonnation. . . 

A. Data Source Information: WIPP observational data and literature. 

B. Data Collection f i r  WIPP observational data). 

1. Data Collection or Test Method: Experiments were conducted at Lawrence 
Livermore National Laboratory (LLNL; contract number AG-4965; Cynthia E. 
A. Palmer, LLNL PI). Descriptions of experiments conducted at LLNL are 
included in Attachment A. 

2. Assumptions Made During Testing: See Attachment A, 

Parameter Record Package: WPO#35852 



Standard Error of Measurement of Tests Pegormed: See Attachment A. 

Form of Raw Data: Data on actinide concentration associated with actinide 
intrinsic colloids is reported in molarity. 

References Related to Data Collection: See Attachment A. 

QA Status of Data: i 

a. Are all of the dara qualified? Yes. 

b. Were data qualified by QAP 20-3? No. Data packages will be submitted 
for work conducted at LLNL (see VIII,B,I above for contract numbers), 
under File code WBS 1.1.10.2.1. 

c. Were the data the subject of audit/surveillance b y  SNL or DOE? Yes. 
LLNL (contract number AG-4965) was audited twice by SNL (94-04; 
EA95-13). DOWCAO conducted a surveillance (S-96-08). LLNL is 
scheduled to be audited by SNL (EA96-22) in May 1996. 

d. Were the dara collected under an ShZ approved QA program? Yes. Data 
were collected under SNL WIPP QAPD, Rev. P, effective October 1, 
1992, and SNL W P  QAPD, Rev. R, effective July 31, 1995. LLNL 
conducted work under an approved QAPP prepared especially for their 
program (WIPP Actinide Source Term Test Program Quality Assurance -. 
Program Plan (LLNL WIPP-LLNL-NCD-ETG-CS-QAPP, Rev. 0-CN1). 
Data were collected under a test plan for the WIPP Colloid Research 
Program (Papenguth and Behl, 1996). Detailed descriptions of the 
experiments and interpretation listed herein will be published in a SAND 
report. Documents related to data collection at LLNL will be archived in 
the Sandia WIPP Central Files (SWCF; F i e  code WBS 1.1.10.2.1). 

vpretation of Data. 

Was the interpretation made by r@erence to previous work. No. 

Was the interpretation made b y  using newly pegomzed caIculations? Yes. 

Form of Inrevrered Data List of interpreted values. 

Assumptions Made During Interpretation. See Attachment A. 

Name of Co&(s)/Sofrware used ro Intevrer Data: Not applicable. 

QA Starus of Code(s) used to Intevret Data: Not applicable. 

a. Was the code qualified under QAP 19-I? Not applicable. 

b. Was the code quaIij?ed under QAP 9-I? Not applicable. 

References Related to Data Interpretation: See XI below and Attachment A. 

Parameter Record Package: WPO#35852 page 2 



8. For interpretations made by using a newly performed calculations provide 
documentation thnr you followed the requirements of QM 9-1 Appendix B. The 
data analysis is controlled by Analysis Plan for the Colloid Research Program, 
AP-004 @ehl and Papenguth, 1996). 

9. For routine calculations (not using code) did you follow requirements of QAP 
9-5? Yes. 

M. Correlation with other Parameters: None 

X. Limitations or qualifications for usage of data by Performance Assessment (PA): None. 

XI.  References cited above: 

Behl, Y.K., and Papenguth, H.W., 1996, Analysis Plan for the WIPP Colloid Research 
Program WBS #1.1.10.2.1, SNL Analysis Plan AP-004. 

Papenguth, H.W., and Behl, Y.K., 1996, Test Plan for Evaluation of Colloid-Facilitated 
Actinide Transport at the Waste Isolation Pilot Plant, SNL Test Plan TP 96-01. 

. Attachments: 

Attachment A: Papenguth, Hans W., 1996, Rationale for D e f ~ t i o n  of Parameter Values 
for Actinide Intrinsic Colloids. 

Attachment B: Stockman, Christine T., 1996, Request for colloid parameters for use in 
NUTS, GRIDFLOW and direct brine release calculations. SNL 
Technical Memorandum dated 29 March 1996 to Hans W. 
Papenguth. 

Adachment C: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters. 
SNL Technical Memorandum dated 29 March 1996 to Christine T. 
Stockman. 

Attachment D: Stockman, Christine T., 1996, Request for any modifications to the 
colloid uarameters for use in NUTS. GRIDFLOW and direct brine 

2 - 

release calculations. SNL Technical Memorandum dated 2 April 
1996 to Hans W. Papenguth. 

Attachment E: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, 
Revision 1. SNL Technical Memorandum dated 18 April 1996-to - 
Christine T. Stockman. 

Attachment F: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, 
Revision 2. SNL Technical Memorandum dated 22 April 1996 to 
Christine T. Stockman. 

XDl. Distribution 

SWCF-A:WPO# 35852: Mobile-Colloidal Actinide Source Term. 2. Actinide Intrinsic 
Colloids. 

SWCF-A:WBS 1.1.10.2.1: Colloid Characterization and Transport. 
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Attachment A. 
Rationale for D e f ~ t i o n  of Parameter Values for Actinide Intrinsic Colloids 

Hans W. Papenguth 

Introduction 

The actinide source term at the WIPP is defined as the sum of contributions from dissolved 
actinide species and mobile colloidal actinide species. The dissolved actinide source term has 
been defined elsewhere (Novak, 1996; Novak and Moore, 1996; Siegel, 1996). It is important to 
note that colloidal actinides which .are not suspended in the aqueous phase (i.e., not mobile) are 
not included in the colloidal actinide source term. Colloidal actinides may become immobilized 
by several mechanisms, including precipitation followed by coagulation and gravitational settling 
(humic substances and actinide intrinsic colloids), adhesion to fixed substrates (microbes), and 
flocculation or coagulation of colloidal particles followed by gravitational settling (mineral 
fragments). Sorption of colloidal - actinides onto fixed substrates will also reduce the mobile 
colloidal actinide source term, but no credit is currently being taken for reduction by that means. 

To facilitate quantification of the colloidal actinide source term, as well as an efficient 
r"- 

experimental approach, the source term has been . - divided into four components according to 
colloid types. On the basis of (1) the behavior of colloidal particles in high ionic strength 
electrolytes, (2 )  the way in which colloidal particles interact with actinide ions, and (3) the 
transport behaviors of colloidal particles, four colloidal particle types are recognized (Papenguth 
and Behl, 1996): mineral fragments, actinide intrinsic colloids, humic substances, and microbes. 

In this document, we focus on the quantification of the actinide concentration mobilized by 
actinide intrinsic colloidal particles. In terms of the WIPP performance assessment (PA) 
calculations, we discuss the rationale for selecting the values corresponding to the following 
parameter designators: 

idpram: CONCINT 

idmtrl: Th 
u 
NP 
Pu 
Am 

concentration of actinide associated with mobile actinide intrinsic - 
colloids. 

. ~ - . .  . . 

thorium [i.e., Tho]; 
uranium [i.e., U o  and UOrI)]; 
neptunium [i.e., Np(n7) and Npw)]; 
plutonium [i.e., Pu(III) and Pu(rV)]; and 
americium [i.e., Arn(m)]. 

Attachment A: WPm35852 Papenguth page 1 
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Actinide intrinsic colloids (also known as true colloids, real colloids, type I colloids, and 
Eigenkolloide) form by condensation reactions of hydrolyzed actinide ions and consist solely of 
actinide cations linked by anions. There are several stages in the development of actinide 
intrinsic colloids at which they have significantly different behaviors. When immature, actinide 
intrinsic colloids display physicochemical properties that are similar to ionized humic 
substances. With age, they become more similar to mineral-fragment type colloidal particles. 

The experimental approach used was strongly influenced by reviews of published literature on 
actinide intrinsic colloids. Pertinent literature is discussed below (see also Papenguth and Behl, 
1996). 

Intrinsic Colloids of Plutonium 

'<.. -~ .. 
The most well-known and well-studied actinide intrinsic colloid is the Pu(IV) in&insic colloid, 
which has been used as - a basis of comparison for investigating iritrinsic colloids of other 
actinides. Most of the knowledge about the P u O  intrinsic colloid comes from research at high 
Pu concentrations in highly acidic solutions, which was conducted to help improve the efficiency 
of processing techniques. The Pu(1V) intrinsic colloid is notorious in its propensity to - 
polymerize to form a gel-like material, . . which .- can even plug process lines. 

A conclusive demonstration of the mechanisms of formation of the Pu(1V) intrinsic colloid has 
not yet been made, but there is a preponderance of evidence that suggests that polymerization is 
strongly linked to hydrolysis, and that the initial polymerization, or condensation, produces a 
macromolecule that becomes progressively more crystalline with time. The final mature colloid 
has a composition between Pu(OH)4 (moqhous) and PuOz (crystalline), although the latter 
compound may be only partly crystalline and both may include interstitial water molecules. 

The most convincing and consistent explanation for the chemistq of the P u O  intrinsic colloid 
is presented by Johnson and Toth (1978) of Oak Ridge National Laboratory. Those authors 
developed a conceptual model to, explain the solution chemistry of a variety of metal cations and 
a variety of oxidation states. The conceptual model involves processes referred to as "olation" 
and "oxolation" in which metal cations become bridged with hydroxyl groups, which in turn 
undergo irreversible elimination of water and concurrent formation of oxygen bridges. Johnson 
and Toth demonstrate that the model is consistent with the observed behavior of the P u w )  
intrinsic colloid. 
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Hydrolysis reactions for metal cations such as plutonium may be written as follows: 

fust: 

Johnson and Toth point out, however, that in interpreting the formation of the Pu(IV) intrinsic 
colloid, it makes better sense to include the implied waters of hydration that surround metal 
cations in solution. Hydrolysis equations (1) through (4) can be rewritten as follows, where n 
equals 4: 

From the literature, it is clear that polymerization occurs nearly immediately after the first 
hydrolysis occurs (5). Johnson and Toth suggest the following reaction involving polymerization 
of two hydrolyzed species by lossof water (oxolation): 

2( [(HZO)~-~~(OH)OIZO)~*-~)I tt 

[(H20)d.2h(oH)(oH)P~(H20)d.2]+2@~1) + 2H20 
. ~. 

Aging or maturation of polymer then occurs by loss of water (olation) as follows: 

Maiti et al. (1989) and Laul et al. (1985) describe similar reactions, but it appears as though they 

believe that the third hydrolysis reaction occurs, because they use the P U ( O H & ~  ion in their 

proposed polymerization reaction. Use of that ion does not appear to be consistent with 
observations by many workers that polymerization occurs immediately after the fmt hydrolysis 
reaction. *, 

As the actinide polyelectrolytes mature through the olation process to become closer in 
composition to an actinide-oxide mineral, they will be kinetically destabilized by the high ionic 
strengths of the WIPP brines, and will not be mobile. Further, the solubilitie; of the mature solid 
phase cannot be exceeded. In fairly long-term experimenrs, Nitsche et al. (1992, 1994) showed 
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that the concentration of Pu(IV) intrinsic colloid stabilized at about 10-8 M. It is not known - 
whether the form was Pu(1V) polyelectrolyte or Pu(IV) mineral fragment type colloid. 

Intrinsic Colloids of other Actinides 

Reference is made to a variety of intrinsic colloids of other actinides, but no systematic 
investigations of their formation and behaviors appear to have been made. Plutonium is 
apparently unique in its propensity to form an intrinsic colloid. No mention is made in the 
literature of maturation of polyelectrolytes of other actinides to form mineral fragment type 
colloidal particles as plutonium does. 

In general, the tendency of actinides to hydrolyze and to polymerize to form intrinsic colloids 
follows the order: 

where An represents an actinide element (Cleveland, 1979a,b; Choppin, 1983; Kim, 1992; Lieser 
et al., 1991, p. 119). The order of oxidation states in the equation above results from the ionic 

charge to ionic radius ratios. The tendency for hydrolysis of An(VI)C$+ is greater than for A$+ - 
~. ~ .- 

because the effective charge on the central cation on the linear [O-An-0]2+ ion is 3.3*.1, 
slightly greater than 3. This trend generally holds true for the actinide elements in general, 
because of the very small changes in ionic radii among the actinide elements (this is the 
oxidation state analogy; refer to Novak, 1996). There are differences in the behaviors of the 
actinides from element to element that stem from very subtle changes in the charge to radius ratio 
and the nature of the confi,wation of the f molecular orbital. 

Considering Pu as an example, hydrolysis becomes significant for l'u4+, PU(VI)$, Pu3+, and 

PU(V)O; at pH values of 4 .4-5,6-8,  and 9-10, respectively (Choppin, 1983). On the basis of 

the hydrolysis trend, it is not Zlkely that A n 0  and AnCV) actinides will form actinide intrinsic 

colloids. That group includes Pu3+, Am3+, PU(V)O;, and N ~ ( V ) O ~ ~ .  There are suggestions in 

the literature, however, that Am3+ may form an intrinsic colloid, which is surprising because it 
does not undergo hydrolysis until relatively high pH values. Thorium does not follow the trend 
described by equation (11) because its large size makes it resistant to hydrolysis (Cotton and 
Wilkinson, 1988). Nevertheless, thermodynamic data suggest that in almost all environments 

(near neutral or higher pH) thorium exists as T~(oH&,). Moreover, thorium has been reported 

to form a polymer (Kraus, 1956; Johnson and Toth, 1978), although as discussed below, should ,- 

be referred to as an oligomer. 
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Examples can be found in the literature of polymeric species of many of the actinides of 
importance to WIPP (see e.g., Baes and Mesmer, 1976; Kim, 1992). 1t is important, however, to 
note the sizes of polymers described in the literature. It is well known that as polyvalent metals, 
the actinides can form polynuclear species, but they are largely lower polymers (i.e., oligomers) 
such as dimers, trirners, tetramers, and hexamers (see, e.g., Choppin, 1983, p. 46). However, in 
terms of physical transport behavior, lower polymers will behave no differently than dissolved 
monomeric species. In contrast, the higher polymers, such as the Pu(N)-polymer, may reach 
colloidal sizes (1 nm to 1 pn) and will have different hydrodynamic properties than the sub- 
colloidal-sized dissolved species. Johnson and Toth (1978) reported a molecular weight of 4000 
for a Th polymer. Assuming that it consisted of Th(OH)4, that polymer would consist of about 
13 thorium metal ions (i.e., the degree of polymerization number, N). That observation is 
consistent with Kraus (1956). in which he quotes an N value of about 9 for Th polyelectrolyte. 

Empirical evidence published in the literature does not always support the suggestion that Am, as 
a trivalent cation, will form an intrinsic colloidal particle. Avogadro and de Marsily (1984) 
suggested that, like Pu, Am is a likely candidate to form an insoluble hydroxide. Buckau et al. 
(1986) reported the formation of Am(m) intrinsic colloids at near neutral pH conditions, with a 
particle size greater than 1 nrn. In their study of the hydrolysis of A m 0  over a pH range from 
3 to 13.5, however, Kim et al. (1984a) found only monomers of Am. Regardless of whether 
A m 0  intrinsic colloids will form under highly idealized laboratory environments, it would be 
highly unlikely that they would form in a geologic system, because of the tremendously strong 
sorption properties of the A m 0  ion. 

Experimental 

Because of the absence of conclusive evidence in the literature that intrinsic colloids of Th, U, 
Np, and Am develop to sizes large enough to affect transport behavior, the focus of the 
experimental program was on Pu. A variety of screening experiments were conducted at 
Lawrence Livermore National Laboratory O;LNL; contract  number^^-4965, Cynthia E. A. 
Palmer, LLNL PI) to test phenomena described in the published literature, under WIPP-relevant 
conditions: . . . . . . . . . 

. . 
. -  . . ., -. . .  . . .  . 

Critical coagulation concentration for mature Pu(IV) mineral fragment ,... . type colloid (refer 
to description of experiment AIC-1 in Papenguth and Behl, 1996); 
formation of P u O  colloid, from oversatkation and undersaturation in the absence of 

, .  . . . 
carbon dioxide (AIC-8 and AIC-9, respectively); 
inhibition of P u O  polymerization due to organic complexants (AX-2); 
depolymerization of Pu-colloid due to organic complexants (AIC-2b); 
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I '- ... 
polyelectrolyte chain termination by non-actinide metal cations (AIC-4); 
sorption effects of WIPP repository substrates on Pu(IV) colloid (AIC-5). 

The last four experiments listed above provide evidence that, under some conditions at the 
WIPP, the Pu(N)-colloid is less likely to form or is sorbed. To parameterize the WIPP PA 
calculations, however, the first two experiments listed above were used. Both sets of 
experiments (AIC-1, AIC-819) can essentially be viewed as solubility experiments. The critical 
coagulation experiments are solubility experiments conducted from undersaturation conditions, 
in which the in-growth of free Pu(1V) is observed (and are therefore equivalent to AIC-9). In 
both sets of experiments (AIC-1, AIC-819), the Pu solution concentration is measured as a 
function of time for as long as 5 weeks, as steady-state concentration is being reached. The two 
sets of experiments were anticipated to provide information to resolve the question of kinetic 
versus thermodynamic stability control on the formation and development of the Pu(IV) colloid. 
That question was not resolved, but the data still provide the necessary information for 
parameterizing the WIPP PA calculations. The values for the parameters submitted to PA were 
derived from the following experiments: 

number experiment I starting material 1 approx. I maCl] 
pcH 

C.C.C. Pu(IV)-colloid; 4 0.001 m 
(equivalent to aged 1-month: .. 7 0.01 m 
undersaturation -2 x lo4 M- 10 0.1 m 
experiment AIC-9) 0.8 m 

3.0 m 
5.0 m 

oversaturation Pu(lV) aauo ion: 3 0.05 m 

duration 

3 to 5 
weeks 

4 weeks 

The data from those experiments are plotted in Figure 1 along with regression lines for data 
collected by Rai et al. (1980) for Pu(OH)4 (amorphous) and PuOz and Rai and Swanson (1981) for 
Puo-polymer  under acidic pH conditions. The current WIPP Project position is that MgO 
backfii will be added to control pC02. With MgO backfii, the pcH of the repository brine is 
expected to be about 9.3 (refer to Wang, 1996; also see Novak and Moore, 1996; Siegel, 1996). 
As shown in Figure 1, the regression line calculated from the LLNL data suggests that at a pcH 
of 9.3 the solubility of PUN-polymer is approximately 5 x 10-10 M. Because the extrapolated 
concentration is less than the minimum analytical detection limit (ADL) of 1 x 10-9 M, the ADL 
value was selected for use in WIPP PA calculations. The LLNL results are consistent with the 
extrapolated relationships based on published results of Rai et al. (1980) and Rai and Swanson 
(1981). 
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Interpreted Results 

Parameter values (CONCINT) describing the amount of actinide element bound by actinide 
intrinsic colloidal particles were determined from the information described above. For the 
Pu(1V)-polymer, the minimum ADL was selected. In the absence of conclusive evidence that 
intrinsic colloids of other actinides form, or form polymers rather than oligomers, the 
concentration of Th-, U-, Np-, and Am-intrinsic colloids was set to zero. 

Geochemical conditions in the Culebra are not conducive to the formation of a new 
supplementary population of actinide intrinsic colloids. In particular, the concentration of 
actinide ions is reduced. Therefore, the source term for actinide intrinsic colloids only reflects 
what would form in the WIPP repository. 

- 

Interpreted values for CONCINT are summarized in Attachments C, E, and F. 

- 
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Comparison of Pu-Colloid Solubility Data 
from Palmer, Zhao, and Torretto in NaCl as a 

function of DCH 

2 3 4 5 6 7 a 9 10 11 

PCH 
Figure 1: Solubility of Pup)-polymer as a function of pcH+. Open brackets 
with arrows pointing down indicate that Pu concentration is below the ~ i m i t  of 
Sensitivity. Note: Solubility lines for Pu(OH)~ and Pu02 are extrapolated from 

Rai, Serne, and Moore, Soil Sci. Soc. Am. J., 44, 490, (1980). Solubility line for 
Pu(IV) polymer is extrapolated from Rai and Swanson, Nuc. Tech., 54, 107, 
(1981) 



i-. Attachment B: 
Stockman, Christine T., 1996, Request for colloid parameters for use in NUTS, GRJDFLOW and 

direct brine release calculations. SNL Technical Memorandum dated 29 March 1996 to Hans 

k W. Papenguth. 
i 
k~ 



Sandia National Laboratories - 
Operated for he U.S. Depamsnt of Energy by 

Sandia Corporation 

Albuquerque. N m  Mebm 87185- 

k 
t 
F 

la- Hans W. Papenguth 

f 

C U- Request for colloid parameters for use in NUTS, GRIDFLOW and direct brine release 
calculations 

z 

- g . In order to properly model the transport of rariionuclides within the Salado formation, we will 
;.. need information about the possible transport of these radionuclide on colloids. In this memo 

we request the maximum mobilized radionuclide concenWation and/or the proportionality 
constant defining the moles mobiied on colloid per moles in solution, for each transported 
element and colloid type. -We are planning to transport Am, Pu, U, and Th, andmay also 
transport Cm, NprRa, and Sr. If we transport Ra and Sr, we are planning to model them as 
very soluble, and not sorbed, so I believe modeling of colloids for them will not be necessary. 
For Cm solubility, we will be using the A m 0  model. If you believe that Cm colloids also 

.- behave similarly to Am colloids, we could extend the chemical analogy to the colloid 
behavior. If you agree with these ~i&~lifi&tions then we will need the parameters for Am, 
Pu, U, Th and Np only. 

Suggested names for database entry: 
ID-: Am, Pu, U, Th, Np 

fi 

i 
IDPRAM: 
CONCINT for concentration of actinide on mobilized intrinsic colloid 
CONCMLN for concentntion of actinide on mobilized mineral fra,gnents 
CAPHUM for maximum concenfntion of actinide on humic colloids 
CAPMIC for maximum concentration of actinide on microbe colloids 
PROPHUM for moles actinide m o b i i d  on humic colloids per moles dissolved 
PROPMIC for moles actinide m o b i i d  on microbe colloids per moles dissolved 

You will need to provide a distribution for each material-parameter pair, but that distribution 
may be "CONSTANT' for most of the numbers. Eight sampling slots have been reserved for 
the most important of these parameters that have non-constant distributions. 

cc: 
Mary-Alena Martell Amy S. Johnson J. T. Schneider 
Hong-Nian Jow 

*C- 
Martin S. Tierney Richard V. Bynum 

E. James Nowak W. George Perkins ALi A. Shinta , 

James L. Ransey 
SWCF-A:WBS1.2.07.1.1:PDD:QA:GEh'EiZAL 

Exceptional Service in the National Interest 
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Papenguth, Hans W., 1996, Colloidal Actinide Source Term ParameterS. SNL Technical 
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Sandia National Laboratories 

. . . . Albuquerque, New Mexico 87185 

&u 29 March 1996 j i . . .  
L: 

', i to: Christine T. Stoclrman, MS-1328 (Org. 6749) . . . . .  :. . . 
c . : ~  

; > . . ,, 
, . .  . . 

k$ L I .  

b m :  Hans W. Papength, MS-1320 (Org. 6748) 
:: 
i t .  
F c 
1 :  

k f subject Colloidal Actinide Source Tern Parame@ . , . - ib  . . .  ~. . .  

gr 
54: : This memorandum summarizes best estimates for the mobile colloidal actinide source term 
!F . rE for input to the WlPP compliance Certification Application. The use of materid and 
. . 
L. parameter identiiication codes is consistent with your letter to me dated 29 March 1996 
r: - L-s 

5 .  requesting parameter values. In the artached table, I have provided best estimites for the 
< 5 .. . 
;+ follo~& material-parameter combiiafion~: : - . .. ' . 

~. &z-' .. - . 
* !  . - - 

IDMTRL: Th, U, N?, Pu, Am 

- IDPRAM: CONCINT concentration of actinide associated with mobile actinide 
. . .. . --. - -- . - . . - intrinsic colloids 

CONCMIN concentration of actinide associated with mobile mineral 
fragment colloids 

CAPFICM maximum concentration of actinide associated with mobile 
humic colloids -. - -- 

CAPMIC maximum concentration of actinide usociated with mobile - 
microbs 

PP.OPHLTM proportionality constant for concentration of actinides 
associated with mobile humic colloids 

PROPMIC proportionality constant for concentration of actinides 
zrsociated with mobile microbes 

As a fist approximation, the colloidal behavior of curium can be simulated be using 
parameter values for americium. The basis for the values summarized in the attached table 
is described in the following record packages for WBS 1.1.10.2.1: 

. .. . 

WPOf I Parameter Record Package Name 
35850 1 Mobile-Colloidal-Actinide Source T e r n  1. Mineral FAqpent  Colloids 

1 35852 1 Mobile-Colloidal-Actinide Source Term. 2. Actinide 1.m- 
35855 I Mobile-Colloidal-Acrinide Source Term. 3. Humic Substances 
35856 I Mobile-Colloidal-Actinide Source Tern. 4. Microbes 
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Hong-Nian Jow. 6741 
Amy S. Johnson, 6741 
Martin S. Tierney, 6741 

E. James Nowak, 6831 &/?/ 
R. Vaan Bynum, 6831 

John T. Holmes, 6748 
Laurence H. Brush, 6748 
Robert C. Moore, 6748 
W. Graham Yelton, 6748 

W. George Perkins, 6748 ' 
John W. Kelly, 6748 9 
Daniel A. Lucero, 6748 
Gaig F. Novak, 6748 - .  .-  

Hans W. Papenguth, 6748 
Malcolm D. Siege], 6748 

MS 1341 Kurt 0. Larson, 6747 
MS 1341 Ruth F. Weiner, 6747 

MS 1324 Richard A,dar, 6851 
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Mobile-Colloidal-Actinide Source Term-Concenl~atio~Proponionality Constants 

Units 

Papengufh to Stockman. 29 March 1996. Page 1 of 2 

I I I 

Distribution 
Type 

\ 

CONCMIN 

CONCMIN 

CONCMIN 

CONCMIN 

Notes 

CONCMIN Am 1 3 - 0 9  . Me-10 1.3~-08 molts wlloidal I I I I 

j 
fragment-bound Am p a  litex 
of disptssion 

CONCD4T i n  0.0%40 o.Ocm O.Oe-Y/moles l l d e - i n u i m i c  C O D S ~ ~  

colloidal Th p=r liter of 
~dispmsion 

colloidal U pcr Iiter of 
dispsion 

C0NC.INT Np 
colloidal fjp pa liter of 
dispersion : 

colloidal Pu per l im of 
CONCINT /pu , 1.e-091 l . 0 4 9 i  L ~ 4 9 j m o l ~  actinid:-inuinsic jconsmt 

.," 
dispersion . ..- 

disprsion 

T I  ~hper moics dissolved Th 

234 

2; 

2; 

PROP- [Am ; I-- rx*al l.9e41l 

Th 

U 

Np 

Pu 

1.36-09 

1.3:-09 

moles colloidal mincd- 
fragment-bound Th pcr liter 
of dispersion 

molts collo~dal m i n d -  
fragment-bound U pcr liter 
of dispersion 

triangular ! 

mangular 

I , 
1.3~-10 

1.3~-10 

l3e-09 

l3e-09 

1.3t-08 

1.3c-08 

triangular 

triangular 

13e-10 

1 . 3 ~ 4 0  

i 

? 

1.3e-08 molcs colloidal mineral- 
fragment-bound Np pcr liter 
of dispersion 

l.Se-08 molts colloidal m i n d -  . 

fiagcnt-bound Pu per liter 
of dispersion 



~obile-Colloidal-~ctinide Source Term-Concentration/Proponionionality Constants 

I I I I I I 
X o t s  I I I I I 

genpallThc colloidal actinide source term is added to tbe dissolved ac&ide source rcrm. 1 
gcncd / ~ o n s  of the paramam arc coactatai I I I 

1 /If a disnibmion is not used for mind-&gent-bound acdnidts, use thc maximum concentmion y a 
~ c o n s c m t v a h  . I I I 1 I 

21prOpohdonaliry oxslants may be used with e d c  solobiliry crPt-esed in mola.rity or molality, depending' 
1 on the desired final units. 1 1 I I 

3IPmportionsliLy consrants arc to be used with the sum of actinide oxidarion s p m ~  for a c h  actinide dm& 
((unmmplexd only, i.c, without organic Jiggd wnaibution). .. . 1 

4lIfa disuibution jt not used for humic-bound U or Am. use tbe maximum conmaation u a constant value. 
SIThc maximum ("cap') values arc in ImitT ~mparab l c  to mola~iry ratha rhan molaliry. 1 - 
6p .PHUM is compared fo the wncenaarion of the r c s p d v c  humic-bound actinide clement / 
7 ICAPMIC is compamf to the total concnrration of the respective acrinide element in the mobile synem (i.e. 

ltht sum of dissoivcd plus colloidal acdnidc). 1 I I 

Papenguih to StoduMn. 29 March 1996, Page 2 of 2 
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Stockman, Christine T., 1996, Request for any modifications to the colloid parameters for use in 
NUTS, GRIDFLOW and direct brine release calculations. SNL Technical Memorandum 
dated 2 April 1996 to Hans W. Papenguth. 



Sandia National Laboratories 

, Hans W. Papenguth 

I 
1- . . /- Christine T. Stockman 
t .  

- 
Opelaled for the U.S. kanrnsnt  ol ~nsrpy 

Sandia Corporation 

% c. 
i , Request for any m o ~ c a t i o n s  to the colloid parameters for use in NUTS, GRIDFLOW and 

, t$ direct brine release calculations 
hi. 
2. 
LL. Yieng Wang has revised his recommendation to use 2 invariant points in the PA calculation. 

~ > .-- - 
.p~ 

He now recommends that we use the Mg(0H)z + MgCO3 invariant point for all calculations. 
.~ 
L If this invalidates .the assumptions that you used to prepare colloid concentration or 
'LL 
=; proportion please indicate as soon as possible which parameters are affected, and : & - as soon as possible after that provide a memo documenting the new values. 

cc: 
Mary-Alena Martell - Amy S. Johnson 
Hong-Nian Jow -- - - 

Martin S. Tierney 
J. T. Schneider 
Richard V. Bynum 
E. James Nowak 

- - W. George Perkins 
SWCF-A:WS 1.1.07.l.l:PDD:QA:GEhZR.L 

Exceptional Service in the National Interest 
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Sandia National Laboratories 
Albuquerque. New Mexico 87185 

date 18 April 1996 

to: Christine T. Stockman, MS-1328 (Org. 6749) 
. .. 

subjccr Colloidal Actinide Source Term Pafameters, Revision I 
. . . . . . . - . . . . .. . 

This mem6randum summarizes the revised best estimates for the mobile colloidal-actinide .~ . 

souice te& forinput to &e W~'P Compliance Certification Application. Values presented 
herein supersedethe values provided to you on 29 March 1996 (Papenguth, 1996) in 
response to your memorandum of 29 March 1996 (Stockman, 1996a). The present 
memorandum addresses your request for modifications stated in your memorandum dated 2 

April 1996 (Stockman, 199%). 

In the attached table, I have summarized the complete set of parameten and values for the 
mobile colloidal-actinide source term. Revised values for maximum actinide concentration 
values for humic substances and constants describing actinide concentrations associated 
with mineral-fragment-type colloidal particles are included. New values (i.e., 
corresponding to new idpram's and idmtrl's) for proportionality constants describing 
achide concentrations associated with humic substances are also included 

The revisions described herein for humic substances reflect a shift in approach from 
proportionality constants describing actinide-humic concentration by eIement, to 
proportionality constants describing actinide-humic concentration by acthide oxidation 
state. Tbat change affects treatment of actinide elements that wiU have mirltiple oxidation 
states in the WJPP repository [e& and U O ;  N p o  and Np(V); Pu@I) and 
P u o ] .  A second modification in approach, is that I now provide values for two cases: 
(1) a Castile brine in equilibrium with brucite and magnesite; and (2) a ~alad'o brine in 
equilibrium with brucite and magnesite. For humic ~. . . ..-~ - substances, . the following material; 

. . . . parameter combiiations apply: .~ ~-. ~ 

. , .. .. . . . . 
~, .~ . . 

, . . ~ 

ID-: PHUMOIU groportionality constant 'for 'concentitibn of actinides - $.' 
,. . 

associated with mobile -c substances, for actinide eIements 
with ~ d a t i o n  state 3; 



groportionality constant for concentration of actinides - 
associated with mobile Lmic substances, for actinide elements 
with &dation state 4; 
groportionality constant for concentration of actinides 
associated with mobile Lmic  substances, for actinide elements 
with &&tion state 5; and 
groportionality constant for concentr&ion of actinides 
associated with mobile u~ substances, for actinide elements 
with afidation state 5. 

proportionality constant for concentration of actinides 
associated with mobile die colloids, in Castile brine, 
actinide solubilities are inorganic only (no man-made ligands), 
brine is in equilibrium with &-bearing minerals (brucite and 
magnesite); 
proportionality-constant for concentration of actinides - 

associated with mobile sic colloids, in Salado brine, 
actinide solubilities are inorganic only (no man-made ligands), 
brine is in equilibrium with &-bearing minerals (brucite and - 
magnesite). 

The revisions made for actinide concentration associated with mineral-fragment-type 
colloidal particles were made to include the potential contribution of actinide-mineral 
colloids formed in the Culebra. To accomplish that, the original repository source term 
values (Papenguth, 1996) have been doubled. That approach is not necessary for humic - 
substances or actinide intrinsic colloids [i.e., Pu(N)-polymer], because their 
concentrations are limited by solubilities. Concentrations of actinides associated with 
microbes are limited by the steady-state population of microbes in the repository, which 
will not increase when inixoduced to the Culebra. 

*, 

Tbe basis for the values summanzed in the attached table is described in the following . 
record packages for WEiS 1.1.10.2.1: " C J  

L 
WPO# 
35850 
35852 
35855 
35856 

Parameter Record Package Name 
Mobile-Colloidal-Actinide Source Term 1. M i n d  Fragment Colloids 
MobileColloidal-Actinide Source Term. 2. Actinide In&sic Colloids 
Mobile-Colloidal-Actinide Source Term 3. Humic Substances 

- 

Mobite-Colloidal-Aaidtde Source Tenn. 4. Microbes 
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- Sandia National Laboratories 
Albuquerque. New Mexico 87185 

, sate: 22 April 1996 j. . ,: . . . . . . . : .  E: 
.,< ; 

to: Christine T. Stochan, MS-1328 (Org. 6749) 
t. ' 
- :  r :  * 
s. - 

C ! :, : [ i 
from: Hans W. Papenguth, MS-1320 (Org. 6748) 

£! 
5 ;  
r i  
' i  i ' 
:; subjccc CoUoidal Actinide Source Term Parameters, Revision 2 
z 1. tt In my rush to complete and distribute Revision 1 (Papenguth, 1996), I made mistakes on 

the minimum and maximum values for actinide concentrations associated with mineral- 
. - - .  
I ' -. fragment-type colloidal particles. The attached Table contains the correct values. 
i i  , . s. 

5. 
p <  
7.  
. . . - References . . - 

Papenguth, H.W., 1996, Colloidal Actinide Source Term Parameters, Revision 1. SNL 
technical memorandum dated 18 April 1996 to Christine T. Stockman. 
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Mobile-Colloidal-Actinide Source Term: Concentralio~ro~flionalih. Conslants; Revision 2 

Statvr 
Panmeter I Material Most Minim M&mum Uniu Dimibution I (IDPRAM) ODhllXUj Likely I Value 1 Vdue 1 I Tyee 1 Vaiue I 1 - I 

rvised C O N W  ?h 2.6c-09 2.6~-10 2 . 6 4 8  molts wlloidal m i n d -  triangular 1 
frazmcnt-bound73 pcr Iiw 
of d i s p i o n  

wised CONCMIN U 2 . 6 4 9  2.6~-10 2 . 6 ~ 4 8  molu wlloidd m i n d -  mangular 1 
fiagmcnt-bound U pci iiur 
of dispasion 

eviscd CONCMIN Np 2 . 6 ~ 4 9  2.6~-10 2.6-08 moiu colloidal minaal- m a n g u l ~  I I I 
. I fqmcnr-bound Np pcr lira 

of d i s p i o n  

lol= wlloidal humic-bound w n r m t  

I /PKYMCM /PHLMO);I I I 3.9c43I 4 3 i y i  I 7 . 4 4 3  I aninidc 0 pcr molo i U 

dissolved aainide (N) 
moles rnlloldd humic -bnd lmanp l~  23.4 
actinid- (V) pcr moies 
dissolved acrinide (V) 
molu colloidal humic-bound miangular 2.3.4 
acrinidt &'I) pcrmois 
dissolvsd acunidc (VI) 

Papengulh to Slockman, Z? &April 1996, p. 1 of 2 



Mobile-toll~idal.Actinide Source Ten: Concentratio~roponionality Constants: Revision 2 

I 
CAPHUM ll~ 1 .145  l.lc-05 l.lc-05 moles wlloi&l humic-bound constant 5.6 

Tb pcr l i m  of dispasion 

CAPHUM U 1 .1~45  1.1~-05 l.lc-05 moles colloidal humic-bound constant 5.6 
U pa liter of d i p i o n  

CAPHUM Np 1.1~-05 l.lc-05 1.1615 molu colloidal humic-bound consrant 5.6 
Np pcr litu of dispersion 

-izpmT-Pu------ I 5.6 
Pu pcr lit= of dispenion 

CAPHUM Am 1.1~45 1.1~55 molcs mUoidal humic-bound constant 5.6 
Am pcr l i m  of disprsion -- 

1 
PROPMIC Tb 3 . 1 4  3 . 1 4  3 . 1 4  mola mimbid?hpa  mnsrant I mola dissolved Tb 

PROPMIC U 2 .143  moles micmbial U pcr moles constant 23 
dirsolvcd U 

2.3 
moles dissolved Am 1 

1 j 1 1.9e-031 1.9c43/ 1 1 1 1 I 

1.9~-03'molcs toral mobilci'b pcr consrant 5.7 -. I llircr , 
U 2.lc-03 2 . 1 4 3  2.lc-03 Oral mobile U pcr 

? .  . . .  
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UPS &3 5 ~ 5 6  Sandia National Laboratories 
Albuquerque, New Mexico 87185 

date: 7 May 1996 

to: Christine T. Stockman, MS-1328 (Org. 6749) 

from: Hans W. Papenguth, MS-1320 (Org. 6748) 

subject: Parameter Record Package for Colloidal Actinide Source Term Parameters 

Attached is the Parameter Record Package for the W P  PA parameters describing actinide 
concentrations associated with mobile microbes. This Package is one of four describing 
the concentration of actinides associated with the four colloidal particle types. The 
complete set of Packages consists of the following: 

copy with Attachments to: 

.. - 

MS 1320 Hans W. Papenguth, 6748 
MS 1320 W. George Perkins, 6748 

WPO# 
35850 
35852 
35855 
35856 

DOUCAO Robert A. Stroud 

Parameter Record Package Name 1 
Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids 
Mobile-Colloidal-Actinide Source Term. 2. Actinide In.trinsic Colloids 
Mobile-Colloidal-Actinide Source Term. 3. Humic Substances 
Mobile-Colloidal-Actinide Source Term 4~Microbes 

copy without Attachments to: . .  . , .  . . .  . 
. ~. . . ~ .. . , . . . . 

MS 1320 E. James Nowak, 6831 
MS 1324 Susan A. Howarth, 61 15 
MS 1328 Hong-Nian Jow, 6741 
MS 1328 Amy S. Johnson, 6741 
MS 1328 Martin S . Tierney ,674 1 
MS 1328 Mary-Alena Martell, 6749 
MS 1341 John T. Holmes, 6748 



Parameter Record Package for Mobile-CoUoidal Actinide Source Term. 
Part 4. Microbes 

The parameter values in this package are based on data which were collected under the guidance 
of the Principal Investigator for the Waste Isolation Pilot Plant (WPP) Colloid Research 
Program, Hans W. Papenguth, for input to the WIF'P Data Entry Form and for use in WIPP 
Performance Assessment (PA) calculations. 

I. Parameter No. (id): Not applicable. 

11. DatuParameter: Not applicable. 

m. Parameter id (idpram): PROPMIC and CAPMIC. 

IV. Material: Microbes and the actinides Th, U, Np, Pu, and Am. 

V. Material Identification (idmtrl): Th, U ,  Np, Pu, and Am. 

VI. Units: For proportionality constants (PROPMIC), the units are "moles microbe-bound 
actinide per moles of dissolved actinide." For the maximum concentration of each actinide 
associated with mobile microbes (CAPMIC), the units are "moles microbe-bound actinide 
per liter of dispersion." 

VII. Distribution Information. - 
A. Category: The development of parameter values and their distributions is described 

in Attachment A. Summaries of the parameter values are presented in Attachments 
C, E, and F. Constant CAPMIC values are supplied for Th, U, Np, and Pu. CAPMIC 
values for Am are not available (refer to Attachment A, page 6).  Constant PROPMIC 
values are supplied for all five actinide elements listed above. 

B. Mean: See Attachments A, C, E, and F. 

C. Median: Not applicable. 

D. Standard Deviation: Not applicable. 

E. Maximum: See Attachments A, C, E, and F. 

F. Minimwn: See Attachments A, C, E, and F. 

G. Number of data points: Not applicable. 

wI. Data Collection and Interpretation Information. 

A. Data Source Information: WIPP observational data and literature. 

B. Data Collection (for observational dota). 

1. Data Collection or Test Method: Experiments were conducted at Brookhaven 
National Laboratory (BNL; contract number AP-2273; A. J. Francis, BNL PI) 
and at Los Alamos National Laboratory (LANL; contract number AP-2272; Inis 

Parameter Record Package: WPO#35856 page 1 



R. Triay, LANL Po. Work conducted at LANL was done as a collaborative 
effort under the guidance of the BNL PI. Descriptions of experiments 
conducted at those institutions are described in Attachment A. 

2. Assumptions Made During Testing: See Attachment A. 

3. Standard Error of Measurement of Tests Pelformed: See Attachment A. 

4. Form of Raw Data:, Data on actinide bioaccumulation by microbes is reported 
in actinide concentration or counts per unit volume. Data on actinide toxicity 
effects is reported in actinide concentration or counts per unit volume and cell 
population in cells per unit volume or in optical density. 

5. References Related to Data Collection: See Attachment A. 

6. QA Statzu of Data: 

a. Are all of the data qualified? Yes 

b. Were data qualified by QAP 20-3? No. Data packages will be submitted 
for work conducted at BNL and LANL (see WI,B,I above for contract 
numben), under F i e  code WBS 1 .l. 10.2.1. 

c. Were the data the subject of audit/surveillance by SNL or DOE? Yes. 
LANL (contract number AP-2272) was audited by SNL (EA96-11) and by 
DOEICAO (S-96-08). BNL (contract number AP-2273) is scheduled to be 
audited by SNL (EA96-19) in May 1996. DOEICAO conducted a 
surveillance of BNL (S-96-08). 

d. Were the data collected under an SNL approved QA program? Yes. Data 
were collected under SNL WIPP QAPD, Rev. P, effective October 1, 
1992, and SNL WIPP QAPD, Rev. R, effective July 31, 1995. LANL 
conducted work under an approved QAPP prepared especially for theu 
program (WIPP Colloid and Bacterial Transport Project, CST-CBT- 
QAP1-00110). BNL conducted work under an approved QAPP prepared 
especially for their program (Examination of the Role of Microorganisms 
m Colloidal Transport of Actinides under WIPP Repository Relevant Test 
Conditions). Data were collected under a test plan for the WIPP Colloid 
Research Program (Papenguth and BehI, 1996). Detailed descriptions of 
the experiments and interpretation listed herein wiII be published in a 
SAND report Documents related to data collection at BNL and LANL 
will be archived in the Sandia WIPP CentraI Files (SWCF, Fde code WBS 
1.1.10.2.1). 

- 
C. Interpretation of Data. 

1. Was the interpretation made by reference to previous work No. b 
~, . . \ . ._ . . . _ >  . ~ . . . .~. . . . . 5 ' 

2. Was the interpretation made by qing newly pefonhd calculations? Yes. 
' .. ,. . 

' . . ,  . .> .,. .. . . . . . . .  . . 
3. Form of Interpreted Data List of interpreted values. 

4. Assumptions Made During Interpretation. See Attachment A. 

Parameter Record Package: WPO#35856 



?t 
Name of Code(s)/Sojiware used to Interpret Data: Not applicable. . . . : j  ?. *. j -, 

QA Status of Code(s) used to Intevret Data: Not appkcable. 

a Was the code qualified under QAP 19-1 ? Not applicable. 

b. Was the code qualified d e r  QAP 9-l? Not applicable. 

References Related to Data Interpretation: See XI below and Attachment A. 

For interpretations made by using a newly performed calculations provide 
documentation that you followed the requirements of QAP 9-1 Appendix B. The 
data analysis is controlled by Analysis Plan for the Colloid Research Program, 
AP-004 @ehl and Papenguth, 1996). 

For routine calculations (not using code) did you follow requirements of QAP 
9-5.7 Yes. 

DC. Correlation with other Parameters: Parameter values describing the concentration of 
actinides associated with mobile hurnic substances are linked to solubility of the dissolved 
actinides, with a maximum value which cannot be exceeded. 

X. Limitations or qualifications for usage of data by Performance Assessment (PA): None. 

XI.  References cited above: 

Behl, Y.K., and Papenguth, H.W., 1996, Analysis Plan for the WIPP Colloid Research - 
Program WBS #1.1.10.2.1, SNL Analysis Plan AP-004. 

Papenguth, H.W., and Behl, Y.K., 1996, Test Plan for Evaluation of Colloid-Facilitated 
Actinide Transport at the Waste Isolation Pilot Plant, SNL Test Plan TP 96-01. 

XU. Attachments: 

Attachment A: Papenguth, Hans W., 1996, Rationale for D e f i o n  of Parameter Values 
for Microbes. 

Attachment B: Stockman, Christine T., 1996, Request for colloid parameters for use in 
NUTS, GRIDFLOW and direct brine release calculations. SNL 
Technical Memorandum dated 29 March 1996 to Hans W. 
Papenguth. 

Attachment C: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Panmeters. 
SNL Technical Memorandum dated 29 March 1996 to Christine T. 
Stockman. 

Attachment D: Stockman, Christine T., 1996, Request for any modifications to the 
colloid parameters for use in NUTS, GRIDFLOW and direct brine 
release calculations. SNL Technical Memorandum dated 2 April 
1996 to Hans W. Papenguth. 

Attachment E: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, 
Revision 1. SNL Technical Memorandum dated 18 April 1996 to - 
Christine T. Stockman. , 

Attachment F: Pa~enrmth. Hans W.. 1996. Colloidal Actinide Source Term Parameters. . - .  
Revision 2. sNL ~echnical Memorandum dated 22 April 1996 to 
Christine T. Stockman. 
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XIII. Distribution 

SWCF-A:WPO# 35856: Mobile-Colloidal Actinide Source Term. 4. Microbes. 
SWCF-A:WBS 1.1.10.2.1: Colloid Characterization and Transport. 
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Attachment A. 
Rationale for D e f ~ t i o n  of Parameter Values for Microbes 

Hans W. Papenguth 

Introduction 

The actinide source term at the WET is defined as the sum of contributions from dissolved 
actinide species and mobile colloidal actinide species. The dissolved actinide source term has 
been defined elsewhere (Novak, 1996; Novak and Moore, 1996; Siegel, 1996). It is important to 
note that colloidal actinides which are not suspended in the aqueous phase (i.e., not mobile) are 
not included in the colloidal actinide source term. Colloidal actinides may become immobilized 
by several mechanisms, including precipitation followed by coa,plation and gravitational settling 
(humic substances and actinide intrinsic colloids), adhesion to fxed substrates (microbes), and 
flocculation or coagulation of colloidal particles followed by gravitational settling (mineral 
fragments). Sorption of colloidal actinides onto fixed substrates will also reduce the mobile 
colloidal actinide source term, but no credit is currently being taken for reduction by that means. 

To facilitate quantification of the colloidal actinide source term, as well as an efficient 
'- experimental approach, the source term has been divided into four components according to 

colloid types. On the basis of (1) the behavior of colloidal particles in high ionic seen& 
electrolytes, (2) the way in which colloidal particles interact with actinide ions, and (3) the 
transport behaviors of colloidal particles, four colloidal particIe types are recognized (Papenguth 
and Behl, 1996): mineral fragments, actinide intrinsic colloids, humic substances, and microbes. 

The focus of this document is on the quantification of the actinide concentration mobilized by 
microbes. In terms of the WIPP performance assessment (PA) calculations, the rationale for 
selecting the values corresponding to the following parameter designators is discussed: 

idpram: PROPMIC 

idmtrl: Th 
U 
NP 
Pu 
Am 

mortionali ty constant for concentration of actinides associated 
with mobile &robes; and 
maximum && concentration of actinide associated- with mobile 
microbes - 

thorium; 
uranium; 
neptunium; 
plutonium; and 
americium. 
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Potentially important colloidal sized microorganisms include bacteria, fungi, yeast, and protozoa. 
Fungi and yeast are not important for the WIPP Site because of the anticipated anoxic 
environment of the repository. For the WIPP Site, the focus is on the halophilic and halotolerant 
microbes that have been identified at the Site (Brush, 1990; Francis and Gillow, 1994). 
Microbes are important to consider in performance assessments of the WIPP because they may 
significantly affect the characteristics of the waste stored at the WIPP, and also participate in 
transport of actinides in the event of human intrusion. Microbes are known to actively 
bioaccumulate actinides intracellularly as well as act as substrates for passive extracellular 
sorption. 

At the WIPP Site, concentrations of naturally occurring microbes are on the order of 104 to 107 
cells per milliliter (Francis and Gillow, 1994, Table 1). In the presence of nutrients provided by 
WlPP waste constituents, including nitrates, sulfates, and cellulosic materials such as protective 
clothing and wood, the population of microbes is likely to increase. Lysis, a natural phenomenon 
whereby cells die and release their cell constituents to the solution, also provides a source of 
nutrients to microbes. 

When introduced to nutrient, microbes typically follow a predictable growth curve (defined by - 
the number population of microbes plotted as a function of time), consisting of an initial period 
of inactivity ("very early log phase") ranging up to several days, followed by a sharp increase in 
growth ("early log phase"). That level of growth is sustained for one or more days ("log phase") 
during which time microbial metabolites, including carboxylic acids, enzymes, and exocellular 
polymers, are generated. The growth rate eventually begins to decline ("late log phase") due to 
the effects of those metabolites, limitations in nutrients or substrates, or population dynamics, 
and reaches a steady-state population ("stationary phase"). Viable microbes may aggregate to 
form clusters. 

Experimental 

Several types of experiments were conducted to evaluate the impact of microbes in support of the 

WIPP Colloid Research Program (refer to descriptions in Papenguth and Behl, 1996): (1) 
evaluation of indigenous concentrations of microbes; (2) quantification of mobile concentrations 
under nutrient- and substrate-rich conditions; (3) quantification and characterization of actinide 
bioaccumulation by microbes; and (4) evaluation of toxicity effects of actinide elements on 
microbe growth. 

Attachment A: WPW3.5856 Papenguth 



Experiments were conducted at Brookhaven National Laboratory (BNL; contract number AP- - 
2273; A. J. Francis. BNL PI) and as a collaborative effort between BNL and Los Alamos 
National Laboratory (LANL; contract number AP-2272; Inis R. Triay, LANL PI). Evaluation of 
indigenous concentrations was a collaborative effort between BNL and LANL. Quantification of 
mobile concentrations was conducted at BNL. The bioaccumulation and toxicity work was 
conducted at BNL or LANL depending on actinide element. Thorium and uranium were 
investigated at BNL. The other actinide elements of interest, neptunium, plutonium, and 
americium, were investigated at LANL under the guidance of BNL personnel. 

Experiments to determine the mobile concentrations of microbes remaining suspended in the 
fluid column were conducted similarly to experiments previously conducted in support of the 
WIPP Gas Generation Program (Brush, 1990; Francis and Giow,  1994). Bacterial cultures were 
introduced to a solution containing nutrient and substrate, and sealed. Bacteria population was 
monitored over periods of several weeks or more using measurements of optical density or by 
direct counting of aliquots of fixed cells. An important change in protocol from previous 
experiments, however, is that instead of filtering the entire contents of the vessels, only the 
mobile cells remaining suspended in the fluid column were counted. Results of the experiments 
showed that the mobile concentration of microbes was a couple orders-of-magnitude less than 
the total concentration of microbes. The existence of indigenous microbes in Salado 
groundwaters has been demonstrated in previous work (Francis and 1994). As part of - 
the WIPP Colloid Research Program, samples of Culebra groundwater were carefully collected 
from the H-19 hydropad, processed, and characterized for indigenous microbes. Concentrations 
of naturally occurring microbes were on the order of 105 cells per milliliter, determined using 
direct counting methods. 

The evaluation of indigenous concentrations of microbes and quantification of mobile 
concentrations provided important supporting evidence for quantifying the microbial actinide 
source term and for evaluating microbe-facilitated transport of actinid& in the ~uleb ia .  
However, the basis for developing the actual parameter values to be used in PA calculations was 
established with bioaccumulation and toxicity experiments, referred to herein as filtration 
experiments. Those experiments were conducted by combining microbe cultures with various 
concentrations and complexes of 232Th, 238U, 237Np, 239Pu, or 243Am: 'I% actinide reagents. 

. .  
used were thorium nitrate, thorium EDTA, uranyl(\r?) nitrate, uranylOrI) citrate; neptunyl(Vf 

6: EDTA, plutonyl(V) perchlorate, plutonyl(V) EDTA,--and americium EDTA. - ~ b r  tho , % ;; ; A , ,  , ,  ' 
experiments, a pure bacterial culture (WIPP-1A) and a mixed bacterial culture (BAB) were use t: \:%$' $*)' 

\-A Most of the experiments were conducted with the WIPP-1A culture, because of the fast growth 
. .-  - . 

of that pure culture. The WIPP-1A mixed culture typically reaches steady-state concentration 
within several days, whereas the BAB pure culture requires several weeks. Because of the rapid 
response of the W P - 1 A  culture, most of the experiments in support of the WIPP Colloid - 
Research Program were conducted with that culture to expedite the research program. A 
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complementary set of experiments were repeated with the BAB mixed culture, to evaluate the 
representativeness of the pure culture. Experiments were conducted over periods of 11 to 15 
days for the WIPP-1A microbe culture, and up to 21 days for the BAB culture. Each experiment 
consisted of a subset of two or three replicate test vessels, which were sampled during the overall 
test interval, to provide time sequence data. In addition, replicate test vessels which were not 
inoculated with microbes were included in each experiment to provide a control. Sequential 
fdtration with 0.03 pm, 0.4 p, and 10 pm fdter pore sizes was conducted on each vessel. The 
following size fractions were obtained: 

10 pm fdter, filtrate dissolved; dispersed microbes; lysed 

~... 

-. 

In addition to the potential actinide associations listed above, there was some evidence of the 
formation of inorganic precipitates in some of the experiments. The nutrient used in many 

experiments was phosphate (1 g PC$/L), which is known to coprecipitate actinide cations. The 

inoculated control samples provided the means to evaluate the extent of that experimental 
artifact. The control samples also provided the means to assess the extent of sorption of actinides 
onto test vessels, sampling, and filtration equipment. All sequential filters were composed of the 
same material, which simplifies assessment of sorption on the fdtration equipment. 

The toxicity experiments were conducted as a component of the fdtration experiments described 
above, by varying the actinide concentration, and comparing growth curves measured by optical 
density and/or by direct cell counting. To increase the total concentration of actinides in 
solution, EDTA was added in some experiments in a one-to-one molar ratio with the actinide 
element. That approach was taken for some Pu experiments, and all of the Th, Np, and Am 
experiments. 
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Interpretation of Experimental Results 

Proportionality constants (PROPMIC) describing the amount of actinide element bound to 
mobile microbes were determined from the data listed above. In addition, maximum 
concentrations of actinides that could be associated with microbes (CAPMIC) were determined 
from the experimental data. Those two parameters are suitable for use in PA calculations, when 
coupled with dissolved actinide solubility values. 

The 0.4 pn fdter rententate and 0.03 p filtrate (acquired from the inoculated vessels, not the 
uninoculated control vessels) were selected to represent the microbial actinide and dissolved 
actinide concentrations, respectively. The ratio between the microbial actinide and dissolved 
actinide, both expressed in molarity, represents the proportionality constant value used for the 
PROPMIC parameter. The 0.4 pm filter rententate was selected to represent the microbial 
fractjon because nearly all of the bacteria biomass was associated with that fdter. A 'small 
concentration of actinides was associated with suspected biomass trapped on the 10 pm filter, as 
clumped microbes, and on the 0.03 pm filter, as lysed microbes. The contribution of actinides 
associated biomass consisting of clumped and lysed microbes was typically at least one order-of- 
ma-snitude less than the actinide concentration associated with the dispersed microbes collected 
on the 0.4 pm filter. The concentration of dissolved actinides measured from the 0.03 filter 

-I 

filtrate was used in the ratio because it provides the best indication of fmal dissolved actinide 
concentration. The individual proportionality constants for the filtration experiments are 
summarized in Table 1. Representative values for PROPMIC were developed from the 
individual proportionality constants on an element-by-element basis. Results of experiments 
using the BAB culture were disregarded, because of their lower uptake of actinides (especially 
plutonium), and because of the limited number of experiments conducted with that culture. For 
the WPP-1A culture, the f ~ s t  sampling period (2 to 4 days, but generally 3 days) was 
disregarded in determining proportionality constants because steady state population had not yet 
been reached. The remaining values were averaged arithmetically (refer to comment column in 

. . .  

 able 1). 

The fdtration experiments discussed above (see Table 1) also provided the basis for determining 
CAPMIC values. Final cell population numbers in the test vessels were estimated using 
measurements of optical density at a wavelength of 600 nm o r  by direct counting with 
epifluorescent microscopy. The magnitude of the toxicity effects were estimated by ,comparing 
final cell numbers obtained from a series of test vessels with varying actinide concentration. The 
direct counting technique provided the most dependable measure of cell number and was used 
where available. The CAPMIC value is defined as the actinide concentration in molarity at 
which no growth was observed. For cases where growth clearly diminished as actinide 
concentration increased, but the actinide concentration was not great enough to stop growth, - 
CAPMIC values were determined by linear extrapolation of population numbers, and then 
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adding an order-of-magnitude to account for uncertainty. It appears that the toxicity effects are -~ 
due to chemical toxicity rather than radiotoxicity. Because of the high radiation levels of 
americium and safety considerations in the laboratory facility used, the molar concentration 
could not be increased to the point at which toxicity effects could be observed Consequently no 
CAPMIC value is currently available for americium. The experimental basis for determination 
of CAPME values and comments on the determination of parameter values are summarized in 
Table 2. 

The experiments conducted do not provide sufficient information to enable us to formulate a 
distribution of values for PROPMIC and CAPMIC. Therefore, single values for PROPMIC and 
CAP= are provided to the PA Department. Uncertainties due to analytical precision are small 
compared to uncertainties in knowledge of the microbe culture which might predominate in the 
WIPP repository or in the Culebra in an inhusion scenario. The proportionality factor approach 
coupled with the plus or minus one order-of-magnitude uncertainty in actinide solubilities results 
in a plus or minus one order-of-magnitude uncertainty in the concentration of actinides bound by ' . '  

, , 

mobile microbes. 
, , . . I 

8 . , .  . * . , .  . 
. . .  

Summary --. 
Interpreted values for PROPMIC and CAPMIC are summarized in Attachments C, E, and F. 
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Table 1.-Mlcrobe fillrallon results. 

I PLUTONIUM 

octinidc form initial largu 
acllnide 

(microbial 
Addissolved AI 

in M/M) 

cornmen& related lo 
releclion of PROPMiC 

values 

28-Nov-95 
28-Nov-95 

7 - 9 5  - 

J I I i _I I I 

Pu-239 - 
Pu-239 

.. . . .. 

]PU(V) EDTA 

12-Feb-96 
12-Feb-96 
12.Feb-96 

not avnilablel 1.94E-081 nal available] 0.37531disregard 
nut ovailablej 5.828-oS] not available1 0,~19]includc in mean for Pu 

- 
28-Nov-95 
28-Nov.95 
28-Nov-95 

- - - -. - 
28-Nov-95 Pu-239 Pu(V) perchlorate I.OOE47 WIPP-I A 3 1.15E-08 not available 2.298-08 not avsiloble 0.5022 disregard -- 
28-Nav-95 Pu-239 Pu(V) perchlorale 1.WE-07 WIPP-IA 8 2.938.09 not available 1.438.09 not av* 2.0490 include in  mean for Pu 
28-Nov-95 Pu-239 Pu(V) perchlorale I.WE-07 WIPP-IA 7.65B-11 -not available I.07E-M nolavailablc O.WO7 include in mean for Pu 

Pu(V) EDTA 
Pu(V) EDTA 
P u W  EDTA 

I I I t I I 

Pu-239 
PU-239 
Pu-239 

28-Nav-95 
28-Nov-95 
28-Nov-95 

PU-239 
Pu-239 
Pu-239 . 

1.008-06 
I.WE-06 
I.WE-04 

Pu(V) EDTA 
Pu(V) EDTA 
PNV) EDTA 

I 

Pu-239 
Pu-239 
Pu-239 

I.WE-04 WIPP-IA 3.168-08 4.598-10 1.388-08 1.34E-W 2.2899 disregard 
- 

I.WE-06 WIPP-IA 1.44E.09 9.508-1 I 6.028-09 I.IIE-10 0.2392 Include in mean for Pu --- -- -- 
!.WE-06 WIPP-IA 1.708-10 6.338-09 3.22E-I0 0.1460 include in mean for Pu -- 

Pu(V) pcrclllorae 
Pu(V) perchlorale 
Pu(V) perchlorale 

WIPP-I A 
WIPP-IA 
WIPP-iA 

1.008.05 WIPP-IA 3 
1.008-05 WIPP-I A 8 -- 
I.OOE-05 WIPP-I A 15 2.878-08 no1 avnilabls 

PuW) perchlorale 
Pu(V) pcrchlorsls 
Pu(V) perchlorate 

3 
8 

I S  

1 
I.WE-04 
I.WE-06 
1.008-06 

1.818-07 
1.558-09 

~ 2.69E.09 

WIPP-IA 
WIPP-IA 
WPP-!A . 

not availablc 
no1 available] 
not evaileblc 

3 
8 

151 

6.858-08 
3.05~.0S] 
1.07~-0g 

2.43E.01 
1.178-08 
!.WE-09 

no1 available 
nal avsilnble 
not available 

I 
2.64231dirregard 
0.24751includc in mean for Pu 
02514lincludcin mean farPu 

I 

no1 svsilable 
not available 
no1 available 

9,948-08 
4.088-08 
2.OiE-08 

not available 
no1 wailable 
not avsllablc 

2.4447 
0.2868 
0.0498 

disregard 
include in  mean for Pu 
Include in  mean for Pu 



Table 1 .-Mlcrobe fil lration resul ls 

dale of nelinide farm 
experiment 

number of samplcs 

sampling 0.4 )lm fi lar, ~~nce~tv i t l ly  0.03 pm filler, unccrlsinly proportionalily comments relaled lo 
lime filler relenmle. fillrole. eanslanl seicclion of PROPMIC 

(doys) inoculoled vcsscl inoculnlcd vessel (microbial 
Anldissolv~d An I I / i n  W M )  

1.588-07 8.048-06 4.1 IE-06 0.7761 disregard 
2.338-06 1.248-06 1.988-07 8.898.09 11.7677 include in  mean for Np 

available- nnal available no1 available disregaz -- 

....... - .. .. . .  -. 
7 4 908.04 1411i-01 914E-05 - - 1.8015 inc l~de  in  in.can for I h . . . . .  . . .  . 

. 6 9 W 0 4  I 3  7 55805 ..- ...... ... . - .... - ....- hlUE-06 4.4839 inchdc in m a n  for 7h. .  

3 2 . 1 7 E ~ 0 6 1 r ~ l  l.24E.031 4 2 O E - M y  
2.228-06 1.898-07 -- -- 1.168-03 4.208-06 O.Wl9 disregard ..... - 

Page 2 



Table 2.-Microbe loxicity rssulls. 

I I I I I I 
19-Mu-961Np137 INdv] EDTA I 5.m-wl 
1 9 - ~ ~ . 9 6 I ~ p l l l  I -- INNV)BDTA I 5.&.05l 
1 9 - ~ l r - 9 6 1 ~ + ~ 7  IN~(V)EDTA I 5.rnC-W\ uY lac N@&EC' by or maged*auw ofronr grovih 
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î  

Stockman, Christine T., 1996, Request for colloid parameters for use in NUTS, GRIDFLOW and 
k direct brine release calculations. SNL Technical Memorandum dated 29 March 1996 to Hans 

W. Papenguth. 



Sandia National Laboratories 

dale: 3/29/96 

- 
Operated lor the US. Depamat of Energy by 

Sandia Corporation - 
ALboquequs, New Medm 87185- 

to: Hans W. Papengutb 

Christine T. Stockman 

Request for colloid parameters for use in NUTS, GRIDFLOW and direct brine release 
calculations 

In order to properly model the transport of radionuclides within the Salado formation, we will 
need information about the possible transport of these radionuclide on colloids. In this memo 
we request the maximum mobilized radionuclide concentration andlor the proportionality 
constant defining the moles mobilized on colloid per moles in solution, for each transported 
element and colloid type. We are pl&g to ransport Am, Pu, U, and Th, and may also 
mspor t  Cm, N ~ T R ~ ,  and Sr. If we transport Ra and Sr, we are planning to model them as 
very soluble, and not sorbed, so I believe modeling of colloids for them will not be necessary. 
For Cm solubility, we will be using the A m 0  model. If you believe that Cm colloids also .--. 
behave similarly to Am colloids, we could .. extend ... the chemical analogy to the colloid 
behavior. If you agree with these ~&~lifkations then we will need the parameters for Am, 
Pu, U, Th and Np only. 

Suggested names for database entry: 
IDMTRL: Am, Pu, U, Th, Np 

. . 

IDPRAM: . . 
CONCINT for concentration of actinide on mobilized intrinsic colloid 
CONCMIN for concentration of actinide on mobilized minerd fragments 
CAPHUM for maximum concentration of actinide on humic colloids 
CAPMlC for maximum concenintion of actinide on microbe colloids 
PROPHUM for moles actinide m o b ' i  on humic colloids per moles dissolved 
PROPMIC for moles actinide m o b i i d  on microbe colIoids per moles dissolved 

You will need to provide a distribution for each material-parameter pair, but that distribution 
may be "CONSTANT" for most of the numbers. Eight sampling slots have been reserved for 
the most important of these parameters that have non-constant dismbutions. 

cc: 
Mary-Alena Manell Amy S. Johnson J. T. Schneider 
Hong-Nian Jow Martin S. Tiemey Richard V. Bynum 
E. James Nowak W. George Perkins Ali A. Shinta 
James L. Ramsey 
SWCF-A:WS 1.2.07.1.1:PDD:QA:GENERAL 

Exceptional Service in the National Interest 
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5 Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters. SNL Technical 

k. Memorandum dated 29 March 1996 to Christine T. Stockman. 
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Sandia National Laboratories 
Albuquerque. New Mexico 87185 

darc 29 March 1996 . . .  
. . . . 

to: Christine T. Stoclrman, MS-1328 (Org. 6749) . , . . . . 

from: Hans W. Papenguth, MS-1320 (Or:. 6748) 

subject CoUoidal Actinide Source Term Parameters . ~ .  , . . . . .. , . . . -  

This memorandum summarizes best estimates for the mobile coUoidal actinide source term 
for input to the WIPP Compliance Cefication Application. The use of material and 
parameter identification codes is consistent with your letter to me dated 29 March 1996 
requesting parameter values. In the attached table, I have provided best estimates for the 
following material-parameter combinations: - - 

- - 
ID-. Th, u, N?, Pu, Am 

IDPRAM: CONCINT concentration of actinide associated with mobile actinide .- - - -. . . -- -- -intrinsic colloids 
CONCMIN concentration of actinide associated with mobile mineral 

merit colloids 
CAPHUh5 maximum concentration of actinide associated with mobile 

humic colloids - - -- 
W M I C  maximum concentration of actinide associated with mobilz - 

microo~es 
PROPHUM proportionaiity constant for concentration of actinides 

associated with mobile humic colloids 
PROPMlC proportionality constant for concentration of actinides 

associared with mobile microbes 

As a frrrt approximation, the colloidal behavior of curium can be simulated be using 
parameter values for americium. The basis for the values summarized in the attached table 
is described in the following record packages for WRS 1.1.10.2.1: . . - . .  - 

WPO# ( Parameter Record Package Name 
35850 1 Mobile-Colloidal-Actinide Source Term. 1. Mineral b e n t  Colloids 

- 35852 1 Mobile-Colloidal-Actinide Source T e m ~  2. Actinide Inmnsic Colloids 
35855 1 MobileColloidal-Actinide Source Term., 3. Humic Substances 
35856 I Mobile-Colloidal-Actinide Source Term. 4. Microbes 

'*a 



copy to: 

MS 1328 Hong-Nian Jow, 6741 
MS 1328 Amy S. Johnson, 6741 
MS 1328 Martin S. Tierney, 6741 

MS 1320 . E. James Nowak, 6831 $17, 
MS 1320 R. Vann Bynum, 6831 

MS 1341 John T. Holmes, 6748 
MS 1341 Laurence H. Brush, 6748 
MS 1341 Robert C. Moore, 6748 
MS 1341 W. Graham Yelton, 6748 

MS 1320 W. George Perkins, 6748 
MS 1320 John W. Kelly, 6748 
MS 1320 Daniel A. Lucero. 6748 

9 
MS I320 C& F.N&~, 6748 
MS 1320 Hans W. Papenguth, 6748 
MS 1320 Malcolm D. Siegel, 6748 

- 
-US 1324 Susan A. Howarth, 6115 

Kurt 0. Larson, 6747 
Ruth F. Weiner, 6747 

MS 1324 Richard .4,dar, 6851 



Mobile-Colloidal-Aclinide Source Term-Concenlratio~Pr~poRianalit~ Consfanis 

1 . 1  I ! jdisprian 
moles actinide-intxinsic 
colloidal .4m pe; liter of 
dispmion 
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CONCMIN Am 1.3~-08 moles colloidal mineral- uiangular 
i 
1 / 

1 
fragment-bound Am per litn 
of dispersion 

I 

colloidal Tll per l i m  of 
diswrion 

- 
CONWNT Np 0 . 0 M  0 . W  0.0ec00'molcs actinide-intrinsic 

coUoidal Xp ptr l im  of 
&spcnion .: 

C O N M  jPu I 1.k-091 1.0c-09 molzs amude -mms~c  consrant 
lcolloicial Pu pCrlitCr Oi 1 

Minimum 
Value 

13-10  

1 3 - 1 0  

1.3~-10 

13c-10 

Maximum 
Value 

I 
1.3~-08 

1.3~-08 

13c-08 

Likely 

! I 

i 2 3  
Th pcrmolcs dissolved Th 

PROPINM IU 23.4 

23 

P O  ~ R I  1 5.9:*~ 5 .9401  5.9e+00 1 moles colloidal humic-bound c o l l ~ f ~ f  2.3 

.. . 

Units 

moles colloidal mineral- 
fragment-bound Th pcr litcr 
of dispersion 

molt; colloidal rnincd- 
fragment-bound U per liter 
of dispersion 

1.3609 

1 3 - 0 9  

l.3e-09 

13-09  

- 
CONCMIN 

CONCMIN 

C O N W  

CONCMTN 

Tll 

U 

Np 

Pu 

Pu per molcs dissolved Pu 

  PROP^ /Am - / - 25e+W/ 1.9e-01 I 3.9~- I moles wlloidal humic-bound 
Am per moles dissolved Am 

1.3e-08molcscolloidalmind- t t i angu l~  

! ! 
1 

fragment-bound Np per litcr 
of dispersion 

moles wlloidal m i n d -  . mangular 1 
frapent-bound Pu per litcr 
of dispersion 

Dislribution 
Type 

I 
m a n g u l ~  

u i a n g u l ~  

2,3,4 

Notes ' 

1 

1 



I I I I 
CAPWM Th 15e451 15e-05 moles colloidal humic-bound constant i I 5,6 

Th per liter of dispcrsion 

I 

-wMIc jm j 1.9~-031 1.9e-03' 1.9e-03'mol t o  o b i  constant i 5.7 
litx 

CAPMIC U 2.le-03 2.le-03 total mobile U per constant 5.7 

W M C  I 2.7e-031 2 . 7 ~ 4 3  1.7e-03 /nois total mobile Np per 5.7 1 
Liter 

j 6.Ee451 6.Ee45j 6.8e45~mol% mtal mobiie 31 p s  l c o n s m ~  

I 
liter 

C.i3h"3C inn jnot not imols to& mob& Am per 5.7 
cupenrly currenrly currently liter 
available availablc available 

CAPHLRvl 

- 
CAPHIIM 

i 
1 

PRoPMC i~~ i . 2 ~ 4 1  1 . 2 4 1 '  l . i c 0 1  'm l -  microbial Np per constant 2.5 
mols  dissolved l i p  

. - 
/ 3 h 5 1 /  I .Oedl /  3.0 e- ' Or 1 m o k  microbial Pu per 2.5 

mols  dissolved Pu 

I I I I 1. 1 
Noto: 

I 
I I I I I I 

,oenerallThe coUoidal actinide source term is addd  to the dissolvd actinide source mm. I 
gcnm.l\None of the paramdm are comlatcd 1 1 1 

1 iIf a dismbutim is not used for mind-frapmt-bound a~inides ,  use the maximum conmaadon u a 
lconsant value. I I 1 i I 
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>RO?MC 1.km i 3.6esW 

U 

Np . 

I I I I I 1 1 

2.3 5.6Fanl 3 . k - C O ~ a  micmbialMpe: c o n s m  
moles dissolved Am 1 

15e-05 

15c-05 

e 

15e-05 

1.5e-05 

1.5~-05 

1 ie-05 
IRI 

l.5c-05 

1 5 - 0 5  

1 . 5 ~ 4 5  

1 5 4 5  

I 3.lc+oOI I 

moles colloidal humic-bound 
U per liter of dispcrsion 

molo colloidal numic-bound 
Np per liter of dispersion 

CAPHUM 

1.5:-05 

15e-05 

molcs colloidal humic-bound 
Pu per liter of dispLJsion 

moles colloidal humic-bound 
Am pcr iitcr of dizpersion . 

Am 

I 
3.l&/ 3.le+00 

constant 

constant 

I I 
moles microbial ?h per Iconstant 
lmolcs dissoIved Th I I 23 I 

5.6 

5.6 

constant 

constant 

5 4  

5,b 



Attachment D: 

Stockman, Christine T., 1996, Request for any modifications to the colloid parameters for use in 
NUTS, GRIDFLOW and direct brine release calculations. SNL Technical Memorandum 
dated 2 April 1996 to Hans W. Papenguth. 



tm Hans W. Papenguth 

/- Christine T. Stockman 

@) Sandia National Laboratories 
Operated lor the US. Depamos of Energy by 

Sandia Corporation 

unbw Request for any modifications to the colloid parameters for use in NUTS, GRIDFLOW and 
direct brine release calculations 

Yieng  Wang has revised his recommendation to use 2 invariant points in the PA calculation. 
He now recommends that we use the Mg(OW2 + MgCO3 invariant point for all calculations. 
If this invalidates .&e assumptions that you used to prepare colIoid concentration or 
propoaion parameters please indicate as soon as possible which parameters are affected, and 
as soon as possible after that provide a memo documenting the new values. 

cc: 
Mary-Alena Martell - Amy S. Johnson - - - . -. - - .. 
Hong-Nian Jow 
Martin S. Tierney 
J. T. Schneider 
Richard V. Bynum 
E. James Nowak 

-- - W. George Perkins 
SWCF-A:WBS 1.2.07.1.1:PDD:QA:GEkXRAL 

Exce~tional Service h fhe National Interest 
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Papenguth, Hans W., 1996, Colloidal Actinide Source Tern Parameters, Revision 1. SNL 
Technical Memorandum dated 18 April 1996 to Christine T. Stockman. 



Sandia National Laboratories 
Albuquerque. New Mexico 87185 

datc 18 April 1996 

to: Christine T. Stockmaa, MS-1328 (org. ,6749) - .. . . . . - . .. .. 

subjse Colloidal Acrinide Source Term Parameters, Revision 1 
. -  .-. . . . . .  : . .  :..-,, .- . -  

~ h i s  h&bkmdum summarizes the revised best estimates for the mobile colloidal-actinide 
. . *. 

so& teim for input to the WkP ~om&iance ~ertit icatioh~~lication. Values presented 
herein supersede the values provided to you on 29 March 1996 (Papenguth, 1996) in 
response to your memorandum of 29 March 1996 (Stockman, 1996a). The present 
memorandum addresses your request for . mo&cations . s&d in youimemorandum dated 2 
April 1996 (Stockman, 1996b). 

In the attached table, I have sbmarized the complete set of parameters and values for the 
mobile colloidal-actinide source tern Revised values for maximum actinide concentration 
values for humic substances and constants describing actinide concentrations associated 
with mineral-fragment-type colloidal particles are included. New values (i.e., 
conesponding to new idpram's and idmtrl's) for proportionality constants describing 
acfhide concentrations associated with humic substances are also included. 

The revisions described herein for humic substances reflect a shift in approach from 
proportionality constants describing actinide-huiuic concentration by element, to 
proportionality constants describing actinide-humic concentration by actinide oxidation 
state. That change a£fects treatment of acrinide elements that will have multiple oxidation 
states in the WIPP repository [e.g., U(N) and U O ;  N p o  and Np(V); P u o  and 
P u o ] .  A second modification in approach, is that I now provide values for two cases: 
(1) a CastiIe brine in equilibrium with brucite and magnesite; and (2) a Salado brine in 
equilibrium with brucite and magnesite. For hurnic substances, the following material- 
parameter combinations apply: 

ID-: PHUMOX3 groportionality constant for concentration of actinides 
associated with mobile humic substances, for actinide elements 
with state 3; 



- 
groportionality constant for concentration of actinides 
associated with mobile Lmic substances, for actinide elements 
with &&tion state & 
~roportionality constant for concentration of actinides 
associated with mobile m~ substances, for actinide elements 
with ~fidation state 2 and 
poportionality constant for concentr&on of actinides 
associated with mobile mc substances, for actinide elements 
wi& ~fidation state 6. 

poportionality constant for concentration of actinides 
associated with mobile hit colloids, in Castile brine, 
acfinide solubiiities are inorganic only (no man-made ligands), 
brine is in equilibrium with &-bearing minerals (brucite and 
m e s i t e ) ;  
groportionality constant for concentration of actinides 
associated with mobile h i c  coUoids, in Salado brine, 
actinide solubilities are horganic only (no man-made ligands), 

A 

brine is in equilibrium with &-bearing minerals (brucite and 
magnesite). 

The revisions made for actinide concentration associated with mineral-fragment-type 
colloidal particles were made to include the potential contribution of actinide-mineral 
colloids formed in the Culebra. To accomplish that, the original repository source term 
values (Papenguth, 1996) have been doubled. That approach is not necessary for humic - 
substances or actinide intrinsic colloids [i.e., Pu(N)-polymer], because their 
concentrations are limited by solubilities. Concentrations of actinides associated with 
microbes are limited by the steady-state population of microbes in the repository, which 
will not increase when introduced to the Culebra. 

The basis for the values summarized in the attached table is described in the following 
record packages for WBS 1.1.10.2.1: 

WPO# 
35850 
35852 
35855 
35856 

Parameter Record Package Name 
- 

Mobile-Colloidal-Actinide Source Term 1. Mineral Fragment Colloids 
Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids 
Mobile-Colloidal-Actinide Source Term 3. Humic Substances 
Mobile-C0lloidal-~4ctinide Source Term. 4. Microbes 
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Mobile-Colloidal-Aclinide Source Term: Concenlralioflroponionalify Constanls: Revirion 1 
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Mobile-Colloidal-Actinide Source Term: Concenlratioflropcnionality Conslants: Revision 1 

Stam Parnmtcer Material Most Minimum M;cdmum UniLs Distribution Nola ' 

(lDPRAM) (lDMTRL) Likely Value Value Type 
Vduc 

revised CAPHUM Th l.lc-05 1.1-05 I.lc-05 moles wlloidal humic-bound constant 5.6 
Th pcr litcr of dispasion 

m'iscd CAPHUM U 1 . lea5 l.lc-05 I.lc-05 moles wlloidal humic-bound w n m t  5.6 
U pa l i e  of dispersion 

rcviscd 1.1-05 1.1~-05 l.le-05 moles colloidal bumic-bwnd wnstant 5.6 
Np pa lira of dispcnion 

revised CAPHUM Pu 1 . 1 ~ 4 5  1.1c-05 1.1~45 moles colloidal humic-bound wnsmt 5.6 
Pu pcr l im of disprrsion 

- 
rcvisd . CAPHUM Am 1 . 1 4 5  1 . 1 4 5  1 .1~45 molcs colloidal humic-bound costant 5.6 

Am pa lim of dispenion 

I I 
3.lo+M) 3.lccO 3.l& molcsmiaobialThpex mnsant 23 

moles dissolved Tn 

PROPMIC U 2.lc-03 2.1e-03 2.1~43 molcs miaobid U permolcs wnsmt z 3  
dirJo1vcd U 
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. ... . 23 

I I I 
5.7 

]liter 6 
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4 I I I lita 
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6.8c-05 6 .8~45  6 .8~05 total mobile Pu pcr constant 5.7 

I _ _ l C  /Am 

o Inot (not /moles IOW mobiie Am pa m-I 5.7 
currmrly cmni iy  currcndy liter 

I I I i: available available available 
' i 

L I 
I ZlftDponionaliry constam may bc used with acrinidc solubility uprrsscd in molarity or molality, depmding 
1 Ion the desired fmal units. I 1 1 I I 

3 lftoponionality cnnsianrc arc to bc uscd with the inorganic actinide solubiiiry value (unmmplucd only. 
I li.;. witbout organic ligand mnuibution). I 1 I 

4iIf a dimibution is n o t u d  usctbc maximum wncmbBtion as a m m t  value. ) I 
I 5 i ~ n c  maximum ("cap") values arc in unirr wmparabIc to moiariry ratba than rnolality. I 
I 61CAPHUM is mmparrd to the wncsnmuon of thc ".pcnivc humic-bound actinide e l m m t  I 
I 7ICAPMIC is mmparcd to the total wncenmion of the rcsputivc actinide cicmcni in the mobile sysrrm (i.~. 
I lthe sum of dissolved plus wlloidal actinide). I 1 I 
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Attachment F: 
i-- 

Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, Revision 2. SNL 
Technical Memorandum dated 22 April 1996 to Christine T. Stockman. 



dare: 22 April 1996 

10: Christine T. Stockman, .I328 (Org. 6749) 

Sandia National Laboratories 
Albuquerque, New Mexico 87185 

from: Hans W. Papenguth, MS-1320 (Org. 6748) 

subject: Colloidal Actinide Source Term Parameters, Revision 2 

In my rush to complete and dis&ibute Revision 1 (?apenguth, 1996), I made mistakes on 
the minimum and maximum values for actinide concentrations associated with mineral- 
fiapent-type colloidal particles. The attached Table contains the correct values. 

References - 
. - 

Papenguth, H.W., 1996, Colloidal Actinide Source Term Parameters, Revision I. SNL 
tcbnical memorandum dated 18 April 1996 to Christine T. Stockman. 
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Mobile-Colloidal-Actinide Source Term: ConcsntralionlP~oponionalily Conrtanls: Revision 2 
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Mobile-Colloidal-Anhide Source Term: Concenlratio~ro~oRionarn~ Conslanls: Revision 2 
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Sandia National Laboratories 
Albuquerque, New Mexico 87185 

date: 7 May 1996 

to: Christine T. Stockman, MS-1328 (Org. 6749) 

fmm: Hans W. Papenguth, MS-1320 (Org. 6748) 

subject: Parameter Record Package for Colloidal Actinide Source Term Parameters 

Attached is the Parameter Record package for the W P  PA parameters describing actinide 
concentrations associated with mobile humic substances. This Package is one of four 
describing the concentration of actinides associated with the four colloidal particle types. 
The complete set of Packages consists of the following: 

copy with Attachments to: 

WPO# 
35850 
35852 
35855 
35856 

MS 1320 Hans W. Papenguth, 6748 
MS 1320 W. George Perkins, 6748 
MS 1341 Robert C. Moore, 6748 

Parameter Record Package Name 
Mobile-Colloidat-Actinide Source Term. 1. Mineral Fragment Coiloids 
Mobile-Colloidal-Actinide Source Tern. 2. Actinide Intrinsic Colloids 
Mobile-Colloidal-Actinide Source Term. 3. Humic Substances 
Mobile-Colloidat-Actinide Source Term. 4. Microbes 

W E C  A0 Robert A. Snoud 

copy without Attachments to: 

MS 1320 E. James Nowak, 683 1 
MS 1324 Susan A. Howanh, 61 15 
MS 1328 Hong-Nian Jow, 6741 
MS 1328 Amy S. Johnson, 6741 
MS 1328 Martin S. Tierney, 6741 
MS 1328 Mary-Alena Martell, 6749 - MS 1341 John T. Holmes, 6748 



Parameter Record Package for Mobile-Colloidal Actinide Source Term. 
Part 3. Humic Substances 

The parameter values in this package are based on data which were collected under the guidance 
of the Principal Investigator for the Waste Isolation Pilot Plant (WIPP) Colloid Research 
Program, Hans W. Papenguth, for input to the WTF'P Data Entry Form and for use in WIPP 
Performance Assessment (FA) calculations. 

I. Parameter No. (id): Not applicable. 

11. DataParameter: Not applicable. 

lII. Parameter id (idpram): PROPHUM, PHUMCIM, PHUMSIM, and CAPHUM. 

N. Material: Humic substances, which include fulvic acid, aliphatic humic acid, and aromatic 
humic acid, and the actinides Th, U, Np, Pu, and Am. 

V. Material Identijicarion (idmrrl): Th, C, Np, Pu, and Am (for PROPHUM and CAPHLM); 
PHUMOX3, PHUMOX4, PHL'MOX5, and PKLnOX6 (for PHUMCh4 and PWMSIM). 

VI. Units: For proportionality constints (PROPHU?YI, PHUMCIM and PHUMSIM), the units 
are "moles colloidal humic-bound actinide per moles of dissolved actinide." For the 
maximum concentration of each actinide associated with mobile hurnic colloids 
(CAPHUM), the units are "moles colloidal humic-bound actinide per Liter of dispersion." 

W. Distribution Information. .- 

A. Categolyr The development of parameter values and their distributions is descrikd 
in Attachment A. Summaries of the parameter values are presented in Attachments 
C, E, and F. Constant CAPHUM values are supplied for all five of the actinide 
elements listed. Constant PROPHUM values are supplied for Th, Np, and Pu. 
Constant PHUMCIM and -PHUMSIM values are supplied for PHUMOX4. 
Triangular distributions are supplied for PROPHUM values for U and Am. 
Triangular distributions are supplied for PHUMCIM and PHUMSIM values for 
PHUMOX3, PHUMOXS, and PHUMOX6. - In the event that those triangular 
distributions of parameter values caimot be sampled in the PA calculations, the 
maximum value should be selected. The decision of whether to use the distribution or 
the constant value is to be made by the PA Department. 

~ ~ 

B. Mean: See Attachments A, C, E, and F. (Note that for triangular distributions, the 
apices of the triangle are defmed by the minimum value, the most likely value, and 

. . . . the maximum value; refer to Attachments). . '- ' ' ~ - .  ' 
, . .. . . .: 

. $~ ~ .: . . . .  - .., 

C. ' Median: Not applicable. 

D. Standard Deviation: Not applicable. 

E. Maximum: See Attachments A, C ,  E, and F. 

F. Minimum: See Attachments A, C, E, and F. - 
G. Number of data points: Not applicable. 

Parameter Record Package: WPO#35855 Page 1 



Vm. Data Collection and Interpretation Information. 

A. Data Source Information: WIPP observational data and literature. 

B. Data Collection Cfor WIPP observational data). 

1. Data Collection or Test Method: Experiments were conducted at Florida State 
University (FSU; contract number AH-5590; Greg R. Choppin. FSU PI), at 
Colorado School of Mines (CSM; contract number AR-9240; Bruce D. 
Honeyman, CSM PI), and at SNL (Hans W. Papenguth and co-workers). 
Descriptions of experiments conducted at those institutions are included in 
Attachment A. 

2. Assumptions Made During Testing: See Attachment A. 

3. Stnndard Error of Measurement of Tests Pe$omed: See Attachment A. 

4. Form of Raw Data: Solubilities of humic substances were reported in units of 
mg/L. Complexation of actinides by humic substances were described in terms 
of stability constants. Humic substance site biding density was reported in 
units of rnilliequivalents of OH- per gram of humic substance. 

5. References Related to Data Collection: See Attachment A. 

6. QA Status of Data: - 
. .. . - . 

a Are all of the data qualified? Yes. 

b. Were data qualified by QAP 20-3? No. Data packages wiU be submitted 
for work conducted at FSU, CSM, and at SNL (see VIII,B,l above for 
contract numbers), under File code PJBS 1.1.10.2.1. 

c. Were the data the subject of audit/surveiIIance by SNL or DOE? Yes. 
Florida State University (contract number AH-5590) was audited by SNL 
(94-03 and EA95-02) and is scheduled to be audited again in May 1996 
(EA96-15). Colorado School of Mines (contract number AR-9240) is 
working under the SNL WIPP QA Program. 

d. Were the data collected &ran Sh'L approved QA program? Yes. Data 
were collected under SNL W P P  QAPD, Rev. P, effective October 1, 
1992, and SNL WIPP QAPD, Rev. R, effective July 31,1995. Data were 
collected under a test plan for the WIPP Colloid Research Program 
(Papenguth and Behl, 1996). Detailed descriptions of the experiments and 
interpretation listed herein will be published in a SAND report. 
Documents related to data collection at SNL, Florida State University, and 
the Colorado School of Mines will be archived in the Sandia WIPP 
Central Files (SWCF; File code WBS 1.1.10.2.1). 

C. Intelpretation of Data. 

1. Was the inteqretation made by reference to previous work. No. 

Parameter Record Package: Wpm35855 



2. Was the interpretation made by using newly performed calculations? Yes. 

3. Form of Interpreted Data. List of interpreted values. 

4. Assumptions Made During Interpretation. See Attachment A. 

5. Name of Code(s)/Sofrware used to Interpret Data: Not applicable. 

6 .  QA Status of Code[s) used to Interpret Data: Not applicable. 

a. Was the code qualified under QAP 19-I? Not applicable. 

b. Was the code qual$ed under QAP 9 - I ?  Not applicable. 

7. References Related to Data Interpretation: See XI below and Attachment A. 

8. For interpretations made by using a newly performed calculations provide 
documentation that you followed the requirements of QAP 9-1 Appendix B. The 
data analysis is controlled by Analysis Plan for the Colloid Research Program, 
AP-004 (Behl and Papenguth, 1996). 

9. For routine calculations [not using code) did you follow requirements of QAP 
9-5? Yes. 

M. Correlation with other Parameters: Parameter values describing the concentration of 
actinides associated with mobile humic substances are linked to solubility of the dissolved 

,- actinides, with a m e m u m  value which cannot be exceeded. 
-- 

X .  Limitations or qualifications for usage of data by Performance Assessment (PA): None. 

XI .  References cited above: 

Behl, Y.K., and Papenguth, H.W., 1996, Analysis Plan for the WIPP Colloid Research 
Program WBS #l. 1.10.2.1, SNL Analysis Plan AP-004. 

Papenguth, H.W., and Behl, Y.K., 1996, Test Plan for Evaluation of Colloid-Facilitated 
Actinide Transport at the Waste Isolation Pilot Plant, SNL Test Plan TP 96-01. 

Attachment A: Papenguth, Hans W., and Moore, Robert C., 1996, Rationale for 
Definition of Parameter Values for Humic Substances. 

Attachment B: Stockman, Christine T., 1996, Request for colloid parameters for use in 
MJTS, GRIDFLOW and direct brine release calculations. SNL 
Technical Memorandum dated 29 March 1996 to Hans W. 
Papenguth. 

Attachment C: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters. 
SNL Technical Memorandum dated 29 March 1996 to Christine T. 
Stockman. 

Attachment D: Stockman, Christine T., 1996, Request for any modifications to the 
colloid parameters for use in NUTS, GRIDFLOW and direct brine 
release calculations. SNL Technical Memorandum dated 2 April 
1996 to Hans W. Papenguth. 
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Attachment E: Papenguth, Hans W., 1996, Colloidal Actinide Source Tern Parameters, -, 

Revision 1. SNL Technical Memorandum dated 18 April 1996 to 
Christine T. Stockman. 

Attachment F: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, 
Revision 2. SNL Technical Memorandum dated 22 April 1996 to 
Christine T. Stockman. 

XIII. Distribution 

SWCF-A:WPO# 35855: Mobile-Colloidal Actinide Source Term. 3. Hurnic 
Substances. 

SWCF-A:WBS 1.1.10.2.1: Colloid Characterization and Transport, 

Parameter Record Package: WPO#35855 



Attachment A: 
,- 

Papenguth, Hans W., and Moore, Robert C., 1996, Rationale for Definition of Parameter Values 
for Humic Substances. 



Attachment A. 
Rationale for D e f ~ t i o n  of Parameter Values for Humic Substances 

Hans W. Papenguth and Robert C. Moore 

Introduction 

The actinide source term at the WIPP is defined as the sum of contributions from dissolved 
actinide species and mobile colloidal actinide species. The dissolved actinide source term has 
been defined elsewhere (Novak, 1996; Novak and Moore, 1996; Siegel, 1996). It is important to 
note that colloidal actinides which are not suspended in the aqueous phase (i.e., not mobile) are 
not included in the colloidal actinide source term. Colloidal actinides may become immobilized 
by several mechanisms, including precipitation followed by coagulation and gravitational settling 
(humic substances and actinide intrinsic colloids), adhesion to fmed substrates (microbes), and 
flocculation or coagulation of colloidal particles followed by gravitational settling (mineral 
fragments). Sorption of colloidal actinides onto fixed substrates will also reduce the mobile 
colloidal actinide source term, but no credit is currently being taken for reduction by that means. 

A To facilitate quantification of the colloidal actinide source term, as well as an efficient 
experimental approach, the source term has been divided into four components according to 
colloid types. On the basis of (1) the behavior of colloidal particles in high ionic strength 
electrolytes, (2) the way in which colloidal particles interact with actinide ions, and (3) the 
cranspoa behaviors of colloidal particles, four colloidal particle types are recognized (Papenguth 
and Behl, 1996): mineral fragments, actinide intrinsic colloids, humic substances, and microbes. 

In this document, we focus on the quantification of the actinide concentration mobilized by I 

humic substances. In terms of the WIPP performance assessment (PA) calculations, we discuss \ 
the rationale for selecting the values corresponding to the following parameter designators: t 

\, - 
idpram: PROPHUM mortionali ty constant for concentration of actinides associated 

with mobile mc colloids; 
PHUMCIM ~roportionality constant for concentration of actinides associated 

with mobile L m i c  colloids, in Castile brine, actinidepolubilities are 
inorganic only (no man-made ligands), brine is in equilibrium with 
&-bearing minerals (brucite and magnesite); 

PHUMSIM proportionality constant for concentration of actinides associated 
with mobile mc colloids, in m a d o  brine, actinide solubilities are 
inorganic only (no man-made ligands), brine is in equilibrium with 
Mg-bearing minerals (brucite and magnesite); and 
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maximum (& concentration of actinide associated with mobile 
humic colloids. - 

thorium [i.e., Th(IV)]; 
uranium [i.e., U(1V) and U(VI)]; 
neptunium [i.e., Np(N) and Np(V)]; . 
plutonium [i.e., Pu(m) and Pu(IV)]; 
americium [i.e., ArnCm)]; 
proportionality constant for concentration of actinides associated 
with mobile wc substances, for actinide elements with v".dation 
state 2 [i.e., Pu(m) and Am(m)]; 
poportionality constant for concentration of actinides associated 
with mobile -c substances, for actinide elements with midation 
state 4 [i.e., Th(IV), U(IV), N p w ) ,  and Pu(IV)]; 
proportionality constant for concentration of actinides associated 
with mobile L m i c  substances, for actinide elements with sidation 
state 5 [i.e., Np(V)]; and 
proportionality constant for concentration of actinides associated 
with mobile wc substances, for actinide elements with aidation 
state 6 [i.e., U(VT)]. 

A 

Humic substances are defined as high-molecular-weight organic compounds generally present as 
anions in natural waters. Humic substances may consist of humic acids, which may be aliphatic 
or aromatic, or Nvic  acids. The difference between humic acids and fulvic acids is largely an 
operational distinction; humic acids can be precipitated at pH values below about 2, whereas 
fulvic acids are soluble over the entire pH range. Fulvic acids generally have lower molecular 
weights than humic acids. The dominant functional group which may react with dissolved 
actinides are carboxyl groups, but phenolic hydroxyl and alcoholic hydroxyl groups also 
conmbute to complexation. At the WIPP, hurnic substances may be introduced to the repository 
as a constituent of soil-bearing waste or may be a constituent of the organic carbon component of 
Castile, Salado, or Culebra groundwaters. Probably more importantly, humic substances may 
form from condensation reactions between microbial metabolites (e.g., carboxylic acids), 
cellulosic degradation products, and the extracellular polymers associated with microbes. 
Because of the general lack of knowledge in the scientific community regarding the formation 
and humic substances form, we have not attempted to directly quantify the amounts of humic 
substances likely to be introduced to the WIPP or that would form in situ. Instead, we have 
elected to bound the contribution of humic-bound actinides through quantification of humic- 
actinide complexation behavior coupled with quantification of solubilities of humic substances in 

.- 
WIPP-relevant brines. Regardless of the source of humic substances, the total concentration is 
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limited by the solubility of humic substances in WIPP brines. The chemical nature of humic 
I- 

substances generated in situ cannot be predicted either, but can be bounded by the three types of 
humic substances. 

To determine the concentration of actinides associated with humic substances, four pieces of 
information are required: (1) the concentration of reactive humic substance in the aqueous phase 
(i.e., humic solubility); (2) the binding capacity of the humic substance; (3) actinide uptake (i.e., 
actinide complexation constants); and (4) concentrations of actinide ions in the aqueous phase 
(i.e., actinide solubility). The quantification of actinide solubilities (4) is described in Novak 
(1996) and results are summarized in Siege1 (1996). In the remainder of this document, we focus 
on the determination of items (1) through (3). the interpretation of that information, and the 
development of parameter values suitable for PA calculations. .. 

\ 

!. . , t  Experimental * :  . . .. 

In general, humic substances encompass a broad variety of fugh-molecular-weight organic 
compounds. The range of their chemical behaviors, however, is covered by consideration of 
three types: aliphatic humic acid (generally terrestrial); aromatic hurnic acid (generally marine); 
and fulvic acid. In our work, the following humic substances were used: 

FA-Suw: fulvic acid isolated from the Suwannee River purchased from the 
International Humic Substances Society, Golden, Colorado; 

HAd-LBr: aliphatic humic acid isolated from sediments collected from Lake 
Bradford, Florida, prepared by Florida State University; 

HAd-Ald: aliphatic humic acid purchased from Aldrich Chemical Co., purified by 
Florida State University; 

HAarGor: aromatic humic acid isolated from groundwaters near Gorleben, Germany, 
obtained from Professor J.-I. Kim, Institut fiir Radiochemie, Mtinchen; and 

HAcSuw: aromatic humic acid isolated from the Suwannee River purchased from the 
International Humic Substances Society, Golden, Colorado. 

Solubilities of humic substances were measured at SNL (Hans W. qapenguth and coworkers) and 
at the Colorado School of Mines (CSM, contract number AR-9240; Bruce D. Honeyman, CSM 
PI). At SNL, solubilities were measured in experiments which were conducted over periods of 
several weeks. The concentrations of humic substances remaining in the fluid column was 
determined using a scanning fluorometer, carbon coulometer, and UVNisible light 
spectrophotometer, in WIPP-relevant brine simulants with FA-Suw, HAd-LBr, HAd-Ald, and 
HA&Suw. In addition to spectroscopic data, visible inspection proved valuable. In over - 
saturation experiments, humic substances were dissolved in deionized water under basic pH 
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conditions to enhance dissolution and then added as a spike to a brine solution. In 
undersaturation experiments, humic substances were added directly to brine solutions and 
allowed to dissolve until an equilibrium was reached. In either case, an equilibrium was reached 
between dissolved (i.e., ionic) and precipitated humic substances. The precipitated humic 
substances coagulated and settled by gravity. The kinetics of precipitation were sufficiently slow 
that several weeks were required for equilibrium to be reached. Brine solutions consisted of a 
NaCl matrix with various concentrations of Ca2+ and Mg2+. The concentration of NaC in the 
brine had little effect on solubility except at very high concentrations, but the concentration of 
the divalent cations had a significant impact on humic substance solubilities. Consequently, 
experiments were conducted with a NaCl background electrolyte concentration with 
concentrations of Ca and Mg ranging from 10 rnM each (representative of natural WIPP brines) 
to 500 mM each (representative of CaO or MgO backfill scenarios). At SNL, solubilities 
between approximately 1.5 m a  and 2.0 m g k  were observed in systems containing 10 mM or 
greater Ca2+ and Mgzf. For the calculations described below, the higher solubility value of 2.0 
mgL was used. 

At the CSM, three hurnic substances (FA-Suw, HAd-LBr, and HAxSuw) were labeled with 1% 

so that concentrations in WIPP-relevant brines could be tracked with liquid scintillation 
counting. That technique was anticipated to provide better analytical results because it is free 
from spectral interference problems of spectroscopic techniques. Because of slow precipitation - 
kinetics, the duration of the experiment of only one week was not sufficient for equilibrium to be 
reached. Consequently, we elected to use the SNL results, which were conducted over a period 
of several weeks. 

Site-binding capacity values were determined by titration at Florida State University for two 
hurnic substances (HAd-LBr and HAd-Ald). Those values were supplemented with values for a 
variety of humic substances compiled from published literature. In general, site-binding 
capacities for humic substances are between 3 and 6 meq OH-/g, but in isolated cases are as low 
as about 1.5 and as high as about 9.5 meq OH-lg. For the calculations described below, we used 
values of 4.65, 5.38, and 5.56 meq OH-Ig for aliphatic humic acid, aromatic humic acid, and 
fulvic acid, respectively. The aliphatic humic acid value was determined from HAd-LBr at FSU. 
The aromatic humic acid value was from Gorleben (Gohy-573). The fulvic acid value represents 
the mean of 11 published values for fulvic acids collected in Europe (Ephraim et al., 1995). 

Actinide complexation factors for A m 0  and U(V1) binding on three humic substances (FA- 
Suw, HAd-LBr, and HAarGor) were measured at Florida State University (FSU; contract 
number AH-5590; Greg R. Choppin, FSU PI). Complexation measurements were made at 
measured p h b ,  values of approximately 4.8 and 6, conditions at which the humic substances are 
highly deprotonated, and actinides U and Am have not undergone hydrolysis reactions. Those - 
conditions were chosen to maximize complexation between the humic substances and those 
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actinide elements. Measurements were made in NaCl media with ionic strengths of 
approximately 3 and 6 mold. Those experiments were completed prior to the WIPP Project 
establishing the position that MgO backfill would be emplaced to scrub C02 and fuc pcH at 
about 9.3. The experiments conducted at FSU represent worst-case scenarios designed to 
provide high-end estimates of actinide uptake by humic substances. Actinide complexation by 
humic substances generally decreases at basic pH values because of the reduction in actinide- 
complex charges due to hydrolysis reactions. In addition, the high concentrations of Mg2+ in 
solution due to the presence of MgO backfill will compete with actinides for binding sites on 
humic substances and reduce the actinide uptake. FSU reported the first and second stability 
constants defined as follows (square brackets represent concentration): 

where: 
HS = humic substance (eq OH-/L, i.e., site-binding capacity incorporated) 
An = actinide element 

b1;b.n = fust stability constant, for 1: 1 An:humic binding 
b2;h = second stability constant, for 1:2 An:hurnic binding 

For the calculations described below, complexation constants were selected from the most 
relevant experimental conditions, which were p%b, 6 and 6 mold NaC1. The following stabiity 
constants reported by FSU were used (reported as log values): 

, , ~ .<.. .,.,.; ... ..: . .:, , . ,  ,. .,.. . . .- .. . .. . . 
The FSU results. show that there, is jittle.difference in ,&n@r). . and.~(vr)$ . upseeby &ph&c 

humic substance 

HAd-LBr 
HArGor 
FA-Suw 

and aromatic humic acids, but that uptake by Nvic  acid is significantly less. The FSU results 
also show that an increase of NaCl ionic strength from 3 to 6 has little effect on actinide uptake. 
Those observations aid in justifying the use of published stab'ity constants for other actinide 
elements experimentally determined at lower ionic strengths and for other humic substances. On 
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6 . M . 0 5  
6.0250.04 
4.6k0.3 

Papenguth and Moore 

Am3+; b2 

10.46fl.12 
10.41M.10 
8.95k0.45 

u(VI)O~; bl 

5.91rt0.16 
5.3533.15 

not measured 

u ( v I ) o ~ ; ~  - 

10.43rt0. 19 
8.9833.26 
not measured 



we have used the A m 0  stability constant for FA-Suw for U(VI)O? on FA-Suw. 

Stability constants for Th(IV) with several humic and fulvic acids were reported by Nash and 
Choppin (1979). In NaCl media at pH values between 3.95 and 5.03, those authors reported log 
stability constants between 9.7 and 13.2. Under basic conditions expected in the WIPP 
repository, it is likely that complexation of Th(N) will be markedly less, because the dominant 

0 Th(lV)-bearing aqueous species will be Th(OfQ4 (Novak and Moore, 1996). As far as we know, 

no investigations of Th-complex binding on humic substances have been made. For the 
calculations described herein, we have elected to use published results from Baskaran et al. 
(1992) describing the distribution of Th(N) in sea water. From that work, a ratio of dissolved 
versus colloidal Th(N) of 6.349 was calculated, assuming that the solubility of colloidal organic 
material in sea water is equivalent to our measured value of humic substances in WIPP-relevant 
brines (i.e., 2.0 m a ) .  The nature of the humic substances is likely to be dominated by aromatic 
humic acid, but may also contain fulvic acid. 

For the calculations described herein, we use a log stability constant for Np(V)0; of 3.67 

measured at pH 9 for a Gorleben humic acid (Gohy-573; Kim and Sekine, 1991). Results 
presented in Rao and Choppin (1995) for Lake Bradford humic acid and a Gorleben humic acid 
(Gohy-573) show little effect of pH on Np(V) stability constants, presumably because of the lack 
of hydrolysis of reactions for NpOr) over the pH range those authors studied. The Gorleben 
humic acid is aromatic in nature. 

No published stability constants were found for plutonium. For the calculations described 
herein, we use an oxidation state analogy for the plutonium oxidation species, which we believe 
is conservative. Allard et al. (1980) have shown that at pH 9, Pu(IV) undergoes hydrolysis 
reactions to a greater extent than Th(IV), which sh&d result in reduced complexation of P U N .  

We also used an oxidation state analogy to develop parameter values for elements expected to 
have multiple oxidation states in the W P P  repository. Oxidation speciation of the actinide 
elements was evaluated as part of the dissolved actinide source term program. Weiner (1996) 
has concluded that in the WIPP repository, the following species wilI be present: T h o ;  U(TV) 
and U(VI); Np(TV) and Np(V); P u o  and P u o ;  and A m o .  The relative concentrations of 
oxidation species of a particular element are designated by their respective solubility values. The 
substitutions made following the oxidation state analogy are summarized in the following table: 
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1 required binding constant 1 substitute 1 source of data 

To compensate for the effects of competition for actinide complexation by the high 
concentrations of calcium and magnesium in repository brines in the presence of MgO backfdl, 
stability constants for Ca2+ and M$+ were used in simult~eously solved equations (described 
below). Stability constants for Ca2+ and Mg2+ at basic pH values are not available, but several 
published reports provide values in the acidic range. Choppin and Shanbhag reported log 
stability constants of 2.25 to 3.32 for Ca2+ in O.lm NaC104 at pH 3.9 and 5.0 for an aliphatic 
humic acid (Aldrich humic acid). Schnitzer and Skinner (1966) reported log binding constants 
ranging from 2.2 to 3.72 for Ca2+ in low ionic stre@ solutions over a pH range of 3.5 to 5.0 for 
fulvic acid. For ~ g 2 + ,  Schnitzer and Skinner (1966) reported log stability'constants' rangini 
from 1.23 to approximately 2.0 under the same experimental conditions. For our calculations, 
we used a log stability constant of 2.0 for the sum of Ca2+ and Mg2+ concentrations, which we 
believe is a conservative value. 

Binding of Ca2+ and Mg2+ to humic substances is described in the same way as equation (1) 
. . above: 

. . . 3 %  . ~ where: . . . , . - . I . . . , , , . . ici I . .! .. . . 

b l ; ~ ~ ~ ~  = first stability constant, for 1:l (Ca+Mg):humic binding (note that no 

second stability constants exists for divalent cationbiiding) . . .. 
-~ 
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Interpretation of Experimental and Literature Results 

Proportionality constants (PROPHUM, PHUMCLM, and PHUMSLM) describing the amount of 
actinide element bound to humic substances were determined from the data listed above, coupled 
with dissolved actinide concentrations. In addition, maximum theoretical concentrations of 
actinides that could be associated with humic substances (CAPHUM) were calculated from the 
data above. 

The concentration of an actinide element of a given oxidation state was calculated by 
simultaneous solution of equations (1) and (3). combined with a mass-balance expression: 

where: 

l3StoJ - - total concentration of humic substance 

[HSI = concentration of uncomplexed humic substance 
WHSI = concentration of humic complexed with an actinide element 
[(CaMg)HS] = concentration of humic complexed with divalent cations 

..- 

Equation (2) describing the effect of two humic substances binding with one actinide ion was 
disregarded for these calculations, because its contribution to the total humic-bound actinide 
concentrations was negligible. 

Rearranging equations (1) and (3) provides: 

Substituting equations (5) and (6) into equation (4) results in: 

Rearranging equation (7) provides: 
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Equations (5), (6) ,  and (8) were used to calculate humic-bound actinide concentrations ([AnHS]). 
The resulting AnHS concentration values were then summed for actinide elements with multiple 
oxidation states, and then divided by the dissolved concentration of the respective actinide 
element. The final forms of the parameter values PROPHUM, PHUMCIM, and PHUMSIM are 
proportionality constants in units of "moles humic-bound colloidal actinide per mole of dissolved 
actinide." In WIPP PA calculations, the proportionality values may be multiplied by the 
dissolved actinide concentration expressed in molarity or molality, depending on what the 
desired final unit should be. Note, however, that dissolved actinide element concentration to be 
used in that calculation must not include complexes containing commercial organic complexants 
(e.g., EDTA). 

Depending on the intrusion scenario, the WIPP repository may be dominated by Castile brine or 
by intergranular Salado brine, resulting in different actinide solubilities. In addition to brine 
type, commercial organic complexants such as EDTA affect actinide solubilities. Finally, 
actinide solubilities are dependent on the mineral assemblage (either bmcite plus mapesite, or 
portlandite plus calcite) buffering the system. On the basis of those scenarios, Siegel (1996) 
provided solubility parameters for the following eight brine compositions: 

In determining the concentration of humic-bound actinides, we assume that dissolved actinides 
complexed with commercial organic complexants are not available for interaction with humic 
substances. Therefore the brines listed above with organic complexants present.can be 
disregarded herein. Wang (1996) conducted calculations which demonstrate that the brines 
buffered by portlandite plus calcite will not be present in the WIPP repository. Therefore, those 
brines can be disregarded. For determination of humic-bound actinide concentrations, therefore, 
we are left with two brine types, designated by SOLSIM and SOLCIM above. The solubilities of 
actinides of oxidation states IJJ, IV, V, and VI in those brines were provided by Siegel (1996) 
(solubility values are listed in molality): 
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In our calculations described herein, those values were used. Concentrations of Ca2+ and Mg2+ 
in those two brines were obtained from Novak and Moore (1996). 

IDPRAM: 

SOLSJM 

SOLCJM 

Calculations are summarized in three tables. Tables la  and lb are calculations using equations 
(5), (6), and (8) to determine humic-bound actinide concentrations ([AnHS]) for one or more 
humic substance type for Am(ITI), Th(IV), Np(V), and U(V1). In Tables 2a through 2f, results of 
Tables l a  and l b  are transfelred to facilitate summing humic-bound actinide concentrations for 
actinide elements with multiple oxidation species. The oxidation state analogy is most heavily 
drawn on for plutonium, because stability constants for P u ( m  or Pu(IV) are not available. 

In Table 3, results of Tables 2a through 2f are summarized according to brine type and humic 
substance type. Table 3 was used to formulate the final PROPHUM, PHUMCIM, and 
PHUMSIM parameter values provided to PA. For americium and uranium (i.e., LII and VI - 
oxidation states, respectively), for which the greatest amount of information is available, we have 
calculated a "most-likely value" for humic-bound actinide concentration by taking the largest 
values for fulvic acid, aromatic humic acid, and aliphatic humic, and calculated the arithmetic 
mean. We recommend that a triangular distribution be established about that "most-likely 
value." The "minimum value" and "maximum value" correspond to the largest humic-bound 
actinide concentrations associated with fulvic acid and aliphatic humic acid, respectively. For 
thorium, plutonium, and neptunium (i.e., IV, V, and V oxidation states, respectively), for which 
less information is available, we have used the largest humic-bound actinide value for each as the 
"most-likely value." No distribution is recommended for those three actinide elements. For 
uranium and americium, in the event that the distributions of parameter values cannot be sampled 
in the PA calculations, we recommend that the maximum value be used as a constant value. The 
decision of whether to use the distribution or the constant value is to be made by the PA 
Department 

IDMTRL: 
SOLMOD3 
4.4e-6 

4.le-7 

The PROPHUM idpram, used in conjunction with idmtrls Th, U, Np, Pu, or U, is designed to be 
used to calculate actinide-hurnic concentration by element. The PHUMCIM and PHUMSIM 
idpram's, used in conjunction with idmtrls PHUMOX3, PHUMOX4, PHUMOXS, or 
PHUMOX6, provides the means to calculate actinide-humic concentrations by actinide oxidation 
state and for different brine intrusion scenarios. The latter approach may be more analogous to - 
the approach used to determine concentrations of dissolved actinide elements in the repository. 
For example, in an E l  scenario under "reducing conditions" in the WIPP repository, PHUMCJM 
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IDMTRL: 
SOLMOD4 

5.Oe-6 

6.8e-9 

IDMTRL: 
SOLMODS 
2.6e-6 

2.5e-6 

IDMTRL: 
SOLMOD6. 
1.0e-5 

1.0e-5 
I I,- 



would be used with the following idmtrls to determine actinide-humic concentrations: thorium = 
PHUMOX4; uranium = PHUMOX4; neptunium = PHUMOX4; plutonium = PHUMOX3; and 
americium = PHUMOX3. For an E2 scenario under "oxidizing conditions" in the WIPP 
repository, PHUMSIM would be used with the following idmtrls to determine actinide-humic 
concentrations: thorium = PHUMOX4; uranium = PHUMOX6; neptunium = PHUMOXS; 
plutonium = PHUMOX4; and americium = PHUMOX3. 

Uncertainties due to analytical precision are small compared to uncertainties in knowledge of the 
dominant humic substance type, site binding densities, and actinide solubilities. The 
proportionality factor approach coupled with the plus or minus one order-of-magnitude 
uncertainty in actinide solubilities results in a plus or minus one order-of-magnitude uncertainty 
in the concentration of actinides bound by mobile humic substances. 

The CAPHUM parameter simply represents the theoretical maximum concentration . . -  of actinides . . 
that can be bound by a humic substance. Based on a solubility limit concentrat& of humic 
substances of 2.0 mgL, and the highest site-binding capacity (for fulvic acids) of 5.56 
meq OH-lg, the theoretical maximum is 1.1 x 10-5 e q L  (refer to Tables l a  and b, column 4). 
Assuming the conservative case in which actinide species are monovalent, the maximum 
theoretical concentration of actinides that can be bound by humic substances is 1.1 x 10-5 molar. - Note that that number is conservative, because it assumes a pool of humic substances is available 
for each actinide element, when in reality, actinide elements will compete for the same pool of 
humic substances. CAPHUM is intended to be used in an expression such as the following: 

[AnHS] = MIN(AnHS value calculated using PROPHUM, l.le-5) (9) 

Summary 
$& *;; c $7 <.a; .,* 
" I , u :  . . .  - 

Interpreted values for PROPHUM, PHUMCIM, PHLIMSIM, and CAPHUM are summarized-in .. 
Attachments C, E, and F. 
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Table l a .  Complexation of actinides with humic substances in Castile brine in the presence of magnesium oxide backfill 

W ~ m ( l l l )  W v )  N P W  WVI) w t c a  

Dissolved Adlnlde 
Concenlratlon (molalily) 9.24 4.12E.07 8.78E-09 2.53E.06 1.00E.05 5.76E.02 

Aclinlde T y p  01 humlc humlc subslance humlc subslance humlc subslanoe pair. ~~.vm~ IHSI I.. [An-HS] I(MgCa).HS] Check sum: 

Subslan& , ! , ' '  " ' : 
. . , , total amount meq OH'Ig lolal capacity molallly molallly molalily humic subslance 

mglL eqlL lolal cap. eq/L 

Am(lll) Suwsnnee River Fulvlo Acld 
Lake Bradlord Humlc Acld 
Gorleben Humlc Acld ' . 

Th(lV) Conslanl rallo 01 humlc bound adlnlde mno. to dissolved acllnlde mnc. 01 6.34 used In all calculallons 

N P W  Lake Bradford Humlc Acld 2 4.85 8.30E-08 3.16Et02 1.00Et02 1.38E.06 l.tOE-09 7.92E-06 9.30E-06 
Godeben Humlc Acld . . 2 5.38 1.08E45 4.68Et03 1.00Et02 1.5QE-08 1.88E-08 9.l7E-08 1.08E-05 

W I )  Suwannee Rlver Fulvlc Acld 
Lake Bradlord Humlc Acld 
Godeben Humlc Acld 



Table 1 b. Complexation of actinides with humic substances in Salado brine in the presence of magnesium oxide backfill 

FH Am(M) T h W  N P M  W I )  MgtCa 

Dissolved Adlnlde 
Concentration (molalllvl 8.69 4.39E.06 4.9fIE.08 2.64E.06 1.00E.05 5.42E.01 

Acllnlde Type 01 humlo hurnlc subslance humlc subslance humlc subslance Plu, I'lmW IHSI n.. [An.HS) [(MgCa)-HS] Check sum: 

Subslanca tolal amount meq OH'lg total capaclly molallly molallly molallly humlc subslance 
mulL eqlL lolal cap, eqR 

Am(ll1) Swannee Alver Fulvlc Acld 2 5.56 1.1 1E.05 3.8BEt04 1.00Et02 2.01E.07 3.51E.08 1.09E-05 1.11E-05 
Lake Bradford Hurnlo Acld 2 4.65 9.3OE.08 1.23EtOfI 1.00Et02 1.53E-07 8 29E.07 8.32E.06 9.30E-06 
Godeben Humlc Acld 2 5.38 1 .OBE.05 1.05E+O8 1.00Et02 l.fIOE.07 8.27E.07 9.75E-06 1.OOE-05 

Th(1V) Conslant rallo 01 humlc bound adlnlde wnc. lo dlssolved adlnlde mno. 01 8.34 used In all calculsllons. 

N P V )  Lake Bradlord Humlo Ackl 2 4.85 9.30E.08 3.16Et02 1.00Et02 1.68E-07 1.41E-10 9.13E-06 9.30E.08 
Godeben Humlc Acld 2 5.38 1.08E.05 4.68Et03 1.00Et02 1.95E.07 2.41E.09 1.06E.05 1 .OfIE-05 

u(vI)  Swannee RYer F u l h  Add 2 5.56 1.11E.05 3.08E+04 1.00Et02 2.00E-07 7.96E-08 1.08E.05 l . l l E - 0 5  
Lake Bradlord Humlc Acld 2 4.85 0.30E.08 8.13Et05 1.00E+02 1.47E.07 1.19E.08 7.06E-06 0.30E.06 
Qorleben Humlc Acld 2 5.38 1.08E-05 2.24E+05 1.00Et02 1.87E-07 4.l9E-07 1.02E.05 1 .O8E-05 



Table 2a. Concentration of dissolved and fulvic acid complexed actinide for each oxidation state - 
in Castile brine in the presence of magnesium oxide backfill. 

Actinide Oxidation State moles fulvic acid bound actinide/ 
moles dissolved actinide concentration 

(111) (IV) (V )  (VI) 

U 
dissolved concentration 
Fulvic-U concentration 

NP 
dissolved concentration 
Fulvic-Np concentration 

Rl 
dissolved concentration 4.12E-07 6.78E-09 
Fulvic-Pu concentration 

Am 
disolved concentration 4.12E-07 
Fulvic-Am mncentration 2.69E-08 

Th 
dissolved concenbafion 6.78E-09 
Fulvic-Th concentration 

' no available information 

-4 



Table 2b. Concentration of dissolved and fulvic acid complexed actinide for each oxidation state 
in Salado brine in the presence of magnesium oxide backfill. 

Actinide Oxidation State mole fulvic acid bound actinidel 
mole dissolved actinide mncentration 

U 
dissolved concentration 
Fulvic-U concentration 

NP 
dissolved concentration 
Futvic-Np concenlration 

F4J 
dissolved concentration 4.39E-06 4.98E-06 
Fulvic-Pu concentration 

Am 
dissolved concentration 4.39E-06 
Fulvic-Am concentration 3.51 E-08 

Th 
dissolved concenlration 4.98E-06 
Fubic-Th mncentation 

' no available information 



Table 2c. Concentration of dissolved and Gotleben humic acid (aromatic) complexed actinide for each oxidation state 
c in Castile brine in the presence of magnesium oxide backfill. 

Actinide OxidatIan Slate mole numb acid bound aninidel 
mole d'lssolved adinide concemratbn 

U 
diiolved concentration 
Humlc-U cowntratbn 

NP 
dissolved concentration 
Humic-Np concentration 

R! 
d i i l v e d  concentration 4.12E-07 6.78E-09 
HuMc.Pu mncsnmbn 6.4%-07 4.30E-08 

Am 
dimlved concentration 4.12E-07 
Humic-Am concentration 6.45E-07 

Th 
d i l l v e d  concerPration 6.78E-09 6.3E+00 
Humic-Th mncentration 4.30E-08 



Table 2d. Concentration of dissolved and Gorleben humic acid (aromatic) complexed actinide for each oxidation state - 
in Salado brine in the presence of magnesium oxide backfill. 

Actinide Oxidation Sate mole humk a& bound aninidel 
mole dissolved actinide co-nfrafbn 

U 
d i i i v e d  cancentration 
HUM=-U collcemrafbn 

RI 
dissolved concentration 4.39E-06 4.98E-06 
Humic-Pu ConcentraVion 8.27E-07 3.16E-05 

Am 
d i k e d  concernration 4.39E-06 
Humlc-Am concantration 8.27E-07 

Th 
dissoked conceNration 4.98E-06 6.3Et00 
Hurnic-Th concentration 3.16E-05 



Table 2e. Concentration of dissolved and Lake Bradford humic acid (aliphatic) complexed actinide for each oxidation state 
in Castile brine in the presence of magnesium oxide backfill. 

Actinide Oxidation Slate mole humic acH bound actinidel 
mDle dinoived actinide wncemiatian 

U 
diaoived concentration 
Humic-U conemration 

NP 
dksoived concertration 
Humic-Np concentration 

R, 
d i i l v e d  concertration 4.12E-07 6.78E-09 
Humic-PU concentration 6.49E-07 4.30E-08 

Am 
d i i i v e d  concemration 4.12E-07 
Humic-Am mncentratian 6.49E-07 

m 
d i i l v e d  mncemration 6.78E-09 6.3E+00 
Humic-Th concenVatlon 4.3OE-08 



Table 2f. Concentration of dissolved and M e  Bradford humic acid (aliphatic) complexed actinide for each oxidation state - 
in Salado brine in the presence of magnesium oxide backfill. 

Actinide Oxidation Stale mole  hum^ acid baund aairudel 
mole dissolved aninide concentration 

(111) ( IV) 1V) (VI) 

U 
d h l v e d  concentration 
Humic-U concentration 

NP 
&solved concentration 
Humic-Np mncsntration 



Table 3. Summary of humlc substance actinlde complexallon in Castile and Salado brlnes in the presence of magnesium oxide backfill. 

Actinlde Brlnel Ratio of humic bound actinide to dissolved actinide concentration 
Backfill Suwannee River Gorieben Humlc Lake Bradford 

Fulvlc Acid Acid Hurnic Acid 

U CastlleIMg 
SaladolMg 

Pu CastllelMg 
SaladoIMg 

Am CastllelMg 
SaladolMg 

NP CasllleIMg 
SaladolMg 

' no avallable lnformatlon 

, 



Attachment B: 

Stockman, Christine T., 1996, Request for colloid parameters for use in NUTS, GRIDFLOW and 
direct brine release calculations. SNL Technical Memorandum dated 29 March, 1996 to Hans 
W. Papenguth. 



Sandia National Laboratories 
-rated lorthe U.S. Depanment of Enemy by 

Sandia Corporation 

Abuquerque. New Mexim 87185- 

dare: 3/29/96 

VT Hans W. Papenguth 

lmm Christine T. Stockman 

wbied Request for colloid parameters for use in NUTS, GRIDFLOW and direct brine release 
calculations 

In order to properly model the transport of radionuclides within the Salado formation, we will 
need information about the possible transport of these radionuclide on colloids. In this memo 
we request the maximum mobilized radionuclide concentration andlor the proportionality 
constant defining the moles mobilized on colloid per moles in solution, for each transported 
element and colloid type. We are planning to transport Am, Pu, U, and Th, and may also 
transport Cm, Np, Ra, and Sr. If we transport Ra and Sr, we are planning to model them as 
very soluble, and not sorbed, so I believe modeling of colloids for them will not be necessary. 
For Cm solubility, we will be using the Am(m) model. If you believe that Cm colloids also 

c behave similarly to Am colloids, we could extend the chemical analogy to the colloid 
behavior. If you agree with these simplifi&ons then we will need the parameters for Am, 
Pu, U, Th and Np only. 

Suggested names for database entry: 
IDMTRL: Am, Pu, U, Th, Np 

IDPRAM: 
CONCINT for concentration of actinide on mobilized intrinsic colloid 
CONCMIN for concentration of actinide on mobilized mineral fragments 
CAPHUM for maximum concentration of actinide on humic colloids 
CAPMIC for maximum concentration of actinide on microbe colloids 
PROPHUM for moles actinide mobilized on humic colloids per moles dissolved 
PROPMIC for moles actinide mobiied on microbe colloids per moles dissolved 

You will need to provide a distribution for each material-parameter pair, but that distribution 
may be "CONSTANT' for most of the numbers. Eight sampling slots have been reserved f o ~  
the most important of these parameters that have non-constant distributions. 

CC : 
Mary-Alena Martell Amy S. Johnson J. T. Schneider 

.- Hong-Nian Jow Martin S. Tierney Richard V. Bynum 
E. James Nowak W. George Perkins Ali A. Shinta 
James L. Ramsey 
SWCF-A.WBS 1.2.07.1.1:PDD:QA:GEhTRAL 

Exceptional Service in the National Interest 



Attachment C: 

Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters. SNL Technical 
Memorandum dated 29 March 1996 to Christine T. Stockman. 



Sandia National Laboratories 
Albuquerque. New Mexico 87185 

CLW 29 March 1996 

to: Christine T. Stockman, MS-1328 (Org. 6749) 

fmm: Hans W. Papength, MS-1320 (Org. 6748) 

subject Colloidal Actinide Source Tern Parameters 

This memorandum summarizes best estimates for the mobile colloidal actinide source term 
for input to the WIPP Compliance Certification Application. The use of material and 
parameter identification codes is consistent with your letter to me dated 29 March 1996 
requesting parameter values. In the attached table, I have provided best estimates for the 
following material-parameter combinations: - 

- - 

IDPRAM: CONCINT concentration of actinide associated with mobile actinide 
-. - -- . - - . -- - inhinsic colloids 

CONCMLN concentration of actinide associated with mobile mineral 
iragment colloids 

CAPHUM maximum concentration of actinide associated with mobile 
humic colloids -. - -- 

CAPMIC maximum concentration of actinide associated with mobile 
microbes 

PROPHUM proportionality constant for concentration of actinides 
associated with mobile humic colloids 

PROPMIC proportionality constant for concentration of actinides 
associated with mobile microbes 

As a first approximation, the colloidal behavior of CUI~M can be simulated be using 
parameter values for americium. The basis for the values summarized in the attached table 
is described in the following record packages for WBS 1.1.10.2.1: . . 

. .. . 

WPO# 
35850 
35852 
35855 
35856 

Parameter Record Package Name 
MobileColloidal-Actinide Source Term. 1. Mineral Fragment Colloids 
Mobile-Colloidal-Actinide Source Term 2. Actinide Intrinsic Colloids 
Mobile-Colloidal-Actinide Source Term. 3. Humic Substances 
Mobile-Colloidal-Actinide Source Term. 4. Microbes 



copy to: 

MS 1328 Hong-Nian Jow, 6741 
MS 1328 Amy S. Johnson, 6741 
MS 1328 Martin S. Tierney, 6741 

MS 1320 . E. James Nowak, 6831 8/97 
MS 1320 R. Vann Bynum, 6831 

MS 1341 John T. Holmes, 6748 
MS 1341 Laurence H. Brush, 6748 
MS 1341 Robert C. Moore, 6748 
MS 1341 W. Graham Yelton, 6748 

W. George Perkins, 6748 ' 
John W. Kelly, 6748 Y%' 

MS 1320 Daniel A. ~ u i e r o ,  6748 
MS 1320 Craig F. Novak, 6748 
MS 1320 Hans W. Papenguth, 6748 
MS 1320 Malcolm D. Siegel, 6748 

MS 1324 SU& A. Howarth, 61 1 j  

MS 1341 Kurt 0. Larson, 6747 
MS 1341 Ruth F. Weiner, 6747 

MS 1324 Richard A,@ar, 685.1 



Mobile-Colloidal-Actinide Source Term-Concentr2tionlProportionality Constants 

Papenguth to Slockrnan. 29 March 1996, Page 1 of 2 

Parameter Material Most Minimum Maximum Units 
h 

Distribution Notes 1 L i e  1 Value 1 Value 1 
Value 

1 T ? r  1 



I I 
15e-05 15e-05 1.5e-05 moles colloidal humic-bound constant I i I 5.6 

Th per liter of dispersion 

Papengulh to Stockman. 29 March 1996. Page 2 of 2 

C.*m I" I 12%-05 

C A P W  INp . I 15c-05 

5,6 

5 6  
i 

l ie-05 

15c-05 

I I 
PROPMlC in 3.le+00 

15e-05 

l.5e-05 1.5e-05 moln colloidal humic-bound 
Pu per liter of dispasion 

1.5e-05 

constant 

1 

moles colloidal humic-boundiconstant I 5,6 
Np per liter of dispersion 1 

moles colloidal humic-bound 
U per liter of dispersion 

constant CIPHLJM /Am 15e-051 15e-05J l5e-05 

moles microbial Th per 
moles dissolved Th 

moles wlloidal humic-bound 
Am per liter of dispersion . 

-. 

consrant 2.3 

constant 

moles total mobile Am per constant 5.7 

r I 2,lc-03 

PROPMiC /N. l l e+Ol  

1 3.0~-01 

5.6 

constant 

constant 

constant 

2.3 

2.3 

2 3  

2.1e-03l 2.le43 1 moles microbial U per moles 
dissolved U 

1.2e+01 moles micmbial Np per . 1 . W l I  i 
moles dissolved Np 

2.3 

5.7 

5.7 

-3.Oe-01 

3.6e+M)lmoles microbial Am per PROPh4IC JM 3 6 d I  5.6eKOl , 
moles dissolved Am 

3.00-OT moles microbial Pu per 
moles dissolved Pu 

W M I C  / 2.7e-03 

I 

CAPMIC U 

i I I 

CAPMIC Pu 6.8e-05l 6 8 e d j j  bde-05/moles total mobile Pu per constant 5.7 
liter 

1.9~-03 

2.le-03 

1.9e-03 

2.le-03 

2 . i e d i  2.7e-03 moles total mobile Np per 
liter 

constant i 5,7 

I.9e-03 moles total mobieTh per 
liter 

2.le-03 total mobile U per 

consrant 

constant 



C- 
Attachment D: 

Stockman, Christine T., 1996, Request for any modifications to the colloid parameters for use in 
NUTS, GRIDFLOW and direct brine release calculations. SNL Technical Memorandum 
dated 2 April 1996 to Hans W. Papenguth. 



Sandia National Laboratories , - 
Operated tor the US. Depanment of Energy by 

Sandia Cornoration 

Albuquerque. New Mexim 87185 

Hans W. Papenguth 

f :  Christine T. Stockman 

SUM Request for any modifications to the colloid parameters for use in NUTS, GRIDFLOW and 
direct brine reIease calculations 

YiFeng Wang has revised his recommendation to use 2 invariant points in the PA calculation. 
He now recommends that we use the Mg(0H)z + MgC03 invariant point for a!l calculations. 
If rhis invalidates the assumvtions that vou used to vreoare colloid concentration or . - A 

propo~tion parameters please indicate as soon as possible which parameters are affected, and 
as soon as possible after that provide a memo documenting the new values. 

cc: 
Mary-Alena MartelI 
Amy S. Johnson - . - - . - . . 
Hong-Nian Jow 
Martin S. Tierney 
J. T. Schneider 
Richard V. Bynum 
E. James Nowak 

- W. George Perkins 
SWCFA:WES1.2.07.1.1:PDD:QA:GENERAL 

Exceptional Service in the National Interest 



Attachment E: 

Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, Revision 1. SNL 
Technical Memorandum dated 18 April 1996 to Christine T. Stockman. 



Sandia National Laboratories 
Albuquerque, New Mexico 87185 

date: 18 April 1996 

to: Christine T. Stockman, MS-1328 (Org. 6749) 
. . . 

bm: Hans W. Papenguth, MS-1320 (Org. 6748) 

subject: Colloidal Actinide Source Term Parameters, Revision 1 

This memorandum summarizes the revised best estimates for the mobile colloidal-actinide 
source term for input to the WP Compliance Certification Application. Values presented 
herein supersede the values provided to you on 29 March 1996 (Papenguth, 1996) in 
response to your memorandum of 29 March 1996 (Stockman, 1996a). The present 
memorandum addresses your request for modifications stated in your memorandum dated 2 
April 1996 (Stockman, 1996b). 

In the attached table, I have summarized the complete set of parameters and values for the 
mobile colloidal-actinide source terra Revised values for maximum actinide concentration 
values for humic substances and constants describing actinide concentrations associated 
with mineral-fragment-type colloidal particles are included. New values (i.e., 
corresponding to new idpram's and idmtrl's) for proportionality constants describing 
actinide concentrations associated with humic substances are also included 

with ~ d a t i o n  state 3 

The revisions described herein for humic substances reflect a shift in approach from 
proportionality constants describing actinide-humic concentration by element, to 
proportionality constants describing actinide-humic concentration by actinide oxidation 
state. That change affects treatment of actinide elements that will have multiple oxidation 
states in the WIPP repository [e.g., U(n3 and U ( w ;  N p o  and N p m ;  P u o  and 
B .01 .  A second modification in approach, is that I now provide values for two cases: 
(1) a Castile brine in equilibrium with brucite and magnesite; and (2) a Salado brine in 
equilibrium with brucite and magnesite. For humic substances, the followhg material- 
parameter combinations apply: 

ID- PHUMOX3 poportionality constant for concentration of actinides 
associated with mobile & i c  substances, for actinide elements 



PHUMOX4 groportionality constant for concentration of actinides 4 

associated with mobile wc substances, for actinide elements 
with &dation state 4; 

PHUMOXS groportionality constant for concentration of actinides 
associated with mobile mc substances, for actinide elements 
with cfi&tion state 5; and 

PHUMOX6 groportionality constant for concentration of actinides 
associated with mobile h u n k  substances, for actinide elements 
with ~ d a t i o n  state 6. 

IDPRAM: PHUMCIM proportionality constant for concentration of actinides 
associated with mobile U i c  colloids, in Castile brine, 
actinide solubilities are inorganic only (no man-made ligands). 
brine is in equilibrium with &-bkaring minerals @rucite and 
magnesite); 

PHUMSM groportionality constant for concentration of actinides .. - 
associated with mobile U i c  colloids, in Salado brine, 
actinide solubilities are borganic only (no man-made ligands), 
brine is in equilibrium with &-bearing minerals (brucite and -. 

magnesite). 

The revisions made for actinide concentration associated with mineral-fragment-type 
colloidal particles were made to include the potential contribution of actinide-mineral 
colloids formed in the Culebra. To accomplish that, the original repository source term 
values (Papenguth, 1996) have been doubled. That approach is not necessary for humic - 
substances or actinide intrinsic colloids [i.e., Pu(1V)-polymer], because their 
concentrations are limited by solubilities. Concentrations of actinides associated with 
microbes are limited by the steady-state population of microbes in the repository, which 
will not increase when introduced to the Culebra. 

The basis for the values summarized in the attached table is described in the following 
record packages for WBS 1.1.10.2.1: . 

WPO# 
35850 
35852 
35855 
35856 

- 
Parameter Record Package Name 
MobiieCoUoida-Actinide Source Term. 1. Mineral Fragment Colloids 
MobileColloidal-Actinide Source Term. 2. Actinide htrinsic Colloids 
Mobile-Colloidal-Actinide Source Term. 3. Humic Substances 
MobileColloidal-Actinide Source Term. 4. Microbes 



References 
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Mobile-Colloidal-Adinide Source Ten:  ConcenlratioflropoRionality Constants: Revision 1 

Status p a m e t e r  / Material I Most Minimum Maxunum Uniu 1 (lDPRAM) O W )  Likely I Value / Viue  / 

I 
wised CONCMW u j ~ . 6 ~ . 0 9 i  2 .649  2 .6~49  ~ O I C S  co1101dal mineral- m a n g u l ~  

fragment-bound U pcr liter 

eviscd CONCMlN 

wlloidal 'Ih pcr titer of 

wised 

colloidal Pu per liter of 

Uoidal Am p a  I i t a  of 

Th 

of dispersion 

CONCMIN 

I 

i 
1 t 

Np 

wiscd CONCMIN Am 26c-09 2.6~69 moles mlloidal mineral- mangubar 
6agmmt-bound Am pa I iw  
of dispersion 

i 
I I 

i 2.6~49 molcs colloidal mineral- 
fragment-bound Pu pcrlim 
of -ion 

Value 

2 . 6 4 9  

2 . 6 ~ 4 9  6 - 0 9 ,  

m a n g u l ~  wircd 

I 
2 .6~49  molcs wlloidal m i n d -  triangular 

fragment-bond Np per l i Ia  
of dispersion I i 

2 . 6 4 9  CONCMlN Pu 

2 . 6 ~ 6 9  

2 . 6 ~ 4 9  

2.k-09 

I 
molcs colloidal mineral- 
fragment-bound Th per lilcr 
of dispersion 

I 
triangular 



M0bile-Coll0idal-AC1inide Source Term; Concentra1io~ropartionality Constants; Revision 1 

I I 1 Value I I I I 
I I I I I 

I 
I i rcviscd CAPHUM Ih 1.10-05 1.10-05 1 . 1 ~ 4 5  molw colloidal humic-bound constant 5.6 

Th pcr liter of dispusion 

reviscd 
CAPHUM i U  I . lc45/ 1.1~-051 l . le45 moles colloidal humic-bound wnrtant 

U per l i t a  of dispersion 1 

Staw Parameter Material Most Minimum Maximvltl UniIs 1 D Y g e I i o n  I Notes 1 (IDPRAM) 1 (IDMTRL) / Likely 1 Value 1 Value / - 

PROPWC j ~ i  3 . 0 ~ ~ 1  3 . 0 ~ 4 1  moles rmaobial ~u p a  coostant i i =I l m o h  diioivcd Pu 

5.6 
Am per liter of dispersion 

I I 
/PROpMIc n ?.km/ l . i c 4 0  5 . l ~ m o l w m i c r o b i ~ T h p a  corn i 

Papenguth lo Stockman. 18 April 1996. p. 2 of 2 

23 
Imoles diuolvd Th / 

2 . 1 4 3  molw miaobial U pamoles 2.3 
Jdiswlvsd u 

2 . 1 ~ 4 3  

- . -  - 

IPROPMlC l N p  1.2e+01 1.2ei.01 moles rmcrob~al Np per constant I 2; 
/moles diiolvcd Np I 

2.1~-03 

I I 1 v-1 3.6-i 3 . 6 c ~ i ~ 0 1 e s  rr!iaobial jco-t 23 
moles dmolvcd Am 

I I I I I I - i I 

6.8045 6 . 8 ~ 4 5  6 . 8 ~ 4 5  molu total mobile Fu pa constant 5.7 
liter 

moles total mobile Am p a  constant 5.7 

1 . 9 ~ 4 3  1.9c-03 

5.7 

5.7 

moles total mobile Th pa connant 
liter 

5.7 

connant 

constant 

2.1043 2.1~-031 2 . 1 ~ 4 3 ~  total mobiic U pcr 
liter 

lwMIc i N p  2 . 7 ~ 4 3  molw total mobile Np pa 
l i ta  

2.7~-03 2.7e-03 



A Attachment F: 
Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, Revision 2. SNL 

Technical Memorandum dated 22 April 1996 to Christine T. Stockman. 



F 

dare: 22 April 1996 

Sandia National Laboratories 
Albuquerque, New Mexico 87185 

to: Christine T. Stockman, MS-1328 (Org. 6749) 

: 
f from: Hans W. Papengutb, MS-1320 (Org. 6748) 

subject: Colloidal Actinide Source Term Parameters, Revision 2 
L 

In my msh to complete and distribute Revision 1 (Papenguth, 1996). I made mistakes on 
the minimum and maximum values for actinide concentrations associated with mineral- 
fragment-type colloidal particles. The attached Table contains the correct values. 

References . . .- 

Papength, H.W., 1996, Colloidal Actinide Source Term Parameters, Revision 1. SNL 
technical memorandum dated 18 April 1996 to Christine T. Stockman. 
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wpo @ 3 5 0 5 0  
Sandia National Laboratories 

dare: 7 May 1996 

to: Christine T. Stockman, MS-1328 (Org. 6749) 

Albuquerque, New Mexico 87185 

from: Hans W. Papenguth, MS-1320 (Org. 6748) 

subject: Parameter Record Package for Colloidal Actinide Source Tenn Parameters 

Attached is the Parameter Record Package for the WrPP PA parameters describing actinide 
concentrations associated with mobile mineral frawent tvoe colloids. This Package 
is one of four describing the concentration of actinides associated with the four colloidal 
particle types. The complete set of Packages consists of the following: 

I WPO# 1 Parameter Recnrd Packape Name I 

copy with Attachments to: 

MS 1320 Hans W. Papenguth, 6748 
MS 1320 W. George Perkins, 6748 
MS 1324 kchard Aguilar, 6851 

DOUCAO Robert A. Stroud 

copy without Attachments to: 

MS 1320 E. James Nowak, 6831 
MS 1324 Susan A. Howarth, 61 15 
MS 1328 Hong-Nian Jow, 6741 
MS 1328 Amy S. Johnson, 6741 
MS 1328 Martin S. Tierney, 6741 
MS 1328 Marv-Alena Martell, 6749 
MS 1341 JOG T. Holmes. 6748 



Parameter Record Package for Mobile-Colloidal Actinide Source Term. 
Part 1. Mineral Fragment Type Colloids 

The parameter values in this package are based on data which were collected under the guidance 
of the Principal Investigator for the Waste Isolation Pilot Plant (WPP) Colloid Research 
Program, Hans W. Papenguth, for input to the WIPP Data Entry Form and for use in WIPP 
Performance Assessment (PA) calculations. 

Parameter No. (id): Not applicable. ~. 

DatdParameter: Not applicable. 

Parameter id (idpram): CONCMIN. 

Material: Mineral fragment type colloidal particles and the actinides Th, U, Np, Pu, and 
Am. 

Material Identijication (idmtrl): Th, U ,  Np, Pu, and Am. 

Units: For CONCMIN, the units are "moles colloidal mineral-fragment-bound actinide per _ 
liter of dispersion." 

Distribution Information. 

A. Category: The development of parameter values and their distributions is described 
in Attachment A. Summaries of the parameter values are presented in Attachments 
C, E, and F. Triangular distributions are supplied for CONCMIN values for each of 
the five actinide elements (idmtrl). In the event that those triangular distributions of 
parameter values cannot be sampled in the PA calculations, the maximum value 
should be selected. The decision of whether to use the distribution or the constant 
value is to be made by the PA Department. 

B. Mean: See Attachments A, C, E, and F. (Note that for triangular distributions, the 
apices of the triangle are defined by the minimum value, the most Likely value, and 
the maximum value; refer to Attachments). 

C. Median: Not applicable. 

D. Standard Deviation: Not applicable. 

E. Maximum: See Attachments A, C, E, and F. 
. .. . . , .  . , . . .  .~ ~ . .,.. . . 

F. Minimwn: See Attachments A, C, E, and F. 

G. Number of data points: Not applicable. 

W. Data Collection and Interpretation Infonmtion 

A. Data Source Infomtion: WIF'F' observational data and literature. - 
B. Data Collection (for WIPP observational data). 
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Data Collection or Test Method: Experiments were conducted at SNL (Hans -. 
W. Papenguth and co-workers). Descriptions of experiments conducted at those 
institutions are described in Attachment A. 

Assumptions Made During Testing: See Attachment A. 

Standard Error of Measurement of Tests Performed: See Attachment A. 

Form of Raw Data: Measurements of residual concentrations of colloidal 
particles are reported in number population. 

References Related to Data Collection: See Attachment A. 

QA Status of Data: 

a. Are all of the data qualified? Yes. 

b. Were data qualified by QAP 20-3? No. Data packages will be submitted 
for work conducted, under F ie  code WBS 1.1.10.2.1. 

c. Were the data the subject of audit/surveillance by SNL or DOE? Yes, 

d. Were the data collected under an SNL approved QA program? Yes. Data 
were collected under SNL WIPP QAPD, Rev. P, effective October 1, 
1992, and SNL WIPP QAPD, Rev. R, effective July 31, 1995. Data were 
collected under a test plan for the WIPP Colloid Research Pro, -ram 
(F'apenguth and Behl, 1996. Detailed descriptions of the experiments and - 
internretation listed herein will be ~ublished in a SAND reoort. 
~oc&en&related to data collection at s ~ L  will be archived in the ~ & d i a  
W P  Central Files (SWCF; File code WBS 1.1.10.2.1). 

C. Interpretation of Data. 

I. Was the interpretation made by reference to previous work. No. 

2. Was the interpretation made by using newly performed calculations? Yes. 

3. Form of Interpreted Data List of interpreted values. 

4. Assumptions Made During Interpretation. See Attachment A. 

5. Name of Code(s)/Sofruare used to Interpret Data: Not applicable. 

6. QA Starus of Code(s) used to Interpret Data: Not applicable. 

a. Was the code qualified under QAP 19-I? Not applicable. 

b. Was the code qualified under QAP 9-I? Not applicable. 

7. References Related to Data Interpretation: See XI  below and Attachment A. 

8. For interpretations made by using a newly performed calculations provide 
documentation that you followed the requirements of QAP 9-1 Appendix B. The 
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data analysis is controlled by Analysis Plan for the Colloid Research Program, 
AP-004 (Behl and Papenguth, 1996). 

9. For routine calculations (not using code) did you follow requirements of QAP 
9-5? Yes. 

M. Correlation with other Parameters: Parameter values describing the concentration of 
actinides associated with mobile humic substances are linked to solubility of the dissolved 
actinides, with a maximum value which cannot be exceeded. 

X. Limitations or qualifications for usage of data by Pelfonnnnce Assessment (PA): None. 

XI .  References cited above: 

Behl, Y.K., and Papenguth, H.W., 1996, Analysis Plan for the WIF'P Colloid Research 
Program WBS #1.1.10.2.1, SNL Analysis Plan AP-004. 

Papenguth, H.W.. and Behl, Y.K., 1996, Test Plan for Evaluation of Colloid-Facilitated 
Actinide Transport at the Waste Isolation Pilot Plant, SNL Test Plan TP 96-01. 

XU. Attachments: 

Attachment A: Papenguth, Hans W., and Aguilar, Richard, 1996, Rationale for 
Definition of Parametervalues for Mineral Fragment Type Colloidal - . . 
Particles. 

Attachment B: Stockman, Christine T., 1996, Request for colloid parameters for use in 
NUTS, GRIDFLOW and direct brine release calculations. SNL 
Technical Memorandum dated 29 March 1996 to Hans W. 
Papenguth. . ~- 

Attachment C: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters. 
~. .~ SNL Technical Memorandum dated 29 March 1996 to Christine T. 

Stockman. 
Attachment D: Stockman, Christine T., 1996, Request for any modifications to the 

colloid. parameters for use in NUTS, GRIDFLOW and direct brine 
release calculations. SNL Technical Memorandum dated 2 April 

.*..: 1996 to Hans W. Papenguth. 
Attachment E: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, 

Revision 1. SNL Technical Memorandum dated 18 April 1996 to 
Christine T. Stockman. 

Anachment F: Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, 
Revision 2. SNL Technical Memorandum dated 22 April 1996 to 
Christine T. Stockman. 

XDI. Distribution 

SWCF-A:WPO# 35850: Mobile-Colloidal Actinide Source Tenn. 1. Mineral Fragment 
Colloids. 

SWCF-A:WBS 1.1.10.2.1: Colloid Characterization and Transport. 
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Attachment A. 
Rationale for Definition of Parameter Values for Mineral Fragment Type Colloids 

Hans W. Papenguth and Richard Aguilar 

Introduction GJ 
The actinide source term at the WIPP is defined as the sum of contributions from dissolved 
actinide species and mobile colloidal actinide species. The dissolved actinide source term has 
been defined elsewhere (Novak, 1996; Novak and Moore, 1996; Siegel, 1996). It is important to 
note that colloidal actinides which are not suspended in the aqueous phase (i.e., not mobile) are 
not included in  the colloidal actinide source term. Colloidal actinides may become immobilized 
by several mechanisms, including precipitation followed by coa,dation and gravitational settling 
(humic substances and actinide intrinsic colloids), adhesion to tixed substrates (microbes), and 
flocculation or coagulation of colloidal particles followed by gravitational settling (mineral 
fragments). Sorption of colloidal actinides onto fixed substrates will'also reduce the mobile 
colloidal actinide source term, but no credit is currently being taken for reduction by that means. 

- To facilitate quantification of the colloidal actinide source term, as well as an efficient 
experimental approach, the source term has been divided into four components according to 
colloid types. On the basis of (1) the behavior of colloidal particles in high ionic strength 
electrolytes, (2) the way in which colloidal particles interact with actinide ions, and (3) the 
transport behaviors of colloidal particles, four colloidal particle types are recognized (Papenguth 
and Behl, 1996): mineral fragments, actinide intrinsic colloids, humic substances, and microbes. 

In this document, we focus on the quanufication of the actinide concentration mobilized by 
mineral fragment type colloidal particles. In terms of the W P  performance assessment (PA) 
calculations, we discuss the rationale for selecting the values corresponding to the following 
parameter designators: 

idpram: CONCMIN conceptration of actinide associated with mobile &eral fra-pent - 
. . . . . . .  colloids. . . . . .  ............... .,... . . . . . . . . .  

. . . . .  ....... . . . : ;. ..-... :I.-- . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ ~  ~. . 
. . . . . .  thorium, ~. , , 

. , . . . .  uranium; . . .  . . 
. . .  . . . . neptunium; 

plutonium, and , . 

americium. 
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Mineral fragment type colloidal particles may be present in naturally occurring groundwaters, 
and they may be released from the host rock due to disruption of fragile aggregates by changes in 
ionic strength or hydrodynamic forces, dissolution of a more soluble surrounding matrix, 
mechanical grinding of mineral surfaces, or mechanical disruption of secondary minerals present 
at mineral surfaces. Under certain conditions, such as extreme changes in ionic strength of the 
groundwater or by physical disruption due to natural or human-induced events, mineral fragment 
type colloidal particles could also be produced within the Culebra. In an intrusion scenario at the 
WIPP, mixing of repository brines with Culebra brines is likely to result in mineral precipitation 
which may include coprecipitation of actinide-bearing mineral fragment type colloidal particles. 
Within the repository, mineral fragment type colloidal particles may form from corrosion of iron- 
bearing waste and the steel packaging materials. In addition, Portland cement based matrixes 
will be attacked and will produce mineral fra,gnent type colloidal particles. Bentonite, which 
may be a constituent of drilling mud is itself a potential source of mineral fragment type colloidal 
material that should be considered for actinide transport. 

In terms-of colloidal actinide transport, mineral fra-oment type colloids act as carriers, in that 
actinide ions sorb onto the surfaces of the colloids. Because each mineral substrate has a 
different affinity for actinides, quantification of actinide concentrations associated with the wide 
range of mineralogies likely to be present at the WIPP is insurmountable. Instead, we elected to A. 

use a bounding approach based on residual concentrations of colloidal particles in WIPP-relevant 
brines coupled with estimates of reasonable maximum concentrations of actinides which could 
be sorbed onto the colloid surfaces. That approach requires three pieces of information: (1) the 
number population of mineral fragment type colloidal particles in the aqueous phase; (2) the 
geometric surface area of individual colloidal particles; and (3) the site-binding capacity of the 
mineral surface. In the remainder of this document, we focus on the determination of items (1) 
through (3). the interpretation of that information, and the development of values 

. . 
suitable for PA calculations. 

Experimental 

Hydrophobic colloidal particles, such as mineral fragments, are kinetically stabilized and 
destabilized by electrostatic forces (refer to detailed discussion in Papenguth and Behl, 1996, 
Sections 2.5.1 and 2.6). In an aqueous dispersant, hydrophobic colloidal particles are attracted to 
one another by van der Wads forces. That electrostatic attraction is countered by repulsive 
forces generated by a cloud of counterions surrounding each piirticle. In a kinetically stable 
colloidal dispersion colloidal particles are usually repelled from one another before they get close 
enough to become agglomerated. However, as the ionic strength of the dispersion is increased, ~- 
the thickness of the cloud of counterions is compressed, allowing closer particle-particle 
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interaction. The net effect is that as colloidal particles come into proximity with one another in 
the dispersion, a greater chance for sticking exists, and so the rate of agglomeration increases. 
That phenomenon is very effective at removing colloidal particles from suspension even at fairly 
low ionic stren-4s over periods of hours to days. 

The kinetic stability of the mineral-fragment-type colloids in WIPP-relevant brines was 
evaluated in coagulation series experiments. Colloidal dispersions of mineral fra, oments were 
prepared by mechanical disaggregation of representative mineral, rock samples, and other 
materials or by chemical precipitation from laboratory reagents. Brine simulants were prepared 
which covered the ranges of ionic stren,@s observed in WIPP brines. The brines were 
sequentially diluted with deionized water by factors of 10 and adjusted to acidic, neutral, and 
basic pH conditions to evaluate the effects of ionic s-ngth and pH on kinetic stability. At the 
ionic strength referred to as the critical coagulation concentration (c.c.c.), colloidal particles will 
rapidly coagulate, forming agglomerates large enough to settle by gravitational forces. The 
number population of colloidal particles remaining in suspension in the various dispersions was 
measured over time to assess their stability as a function of solution ionic stren,gh and time. 

Colloidal dispersions were prepared for the following minerals or materials: bentonite, kaolinite, 
montmorillonite, vermiculite, illite, anhydrite, calcium carbonate, magnesite, hematite 
(mechanically disaggregated), hematite (chemical precipitate), limonite, goethite, magnetite, - 
quartz, siderite, brucite, strontianite, diatomaceous earth, pyrite, and cellulosic materials 
(Masslim paper towels and Scott paper towels). The brine solutions used included a Salado-like 
brine simulant (SPC brine) and a Culebra brine simulant (H-17). For C.C.C. experiments, 
sequential dilutions of those brines were made which spanned approximately five orders-of- 
ma-etude. Brine simulants consisting of 0.5M NaCl or CaClz were also used. For the residual 
concentration measurements which were used as the basis for the PA deliverables described 
herein, the one order-of-magnitude dilution (i.e., 10 percent of original stren,&) of the Salado- 
like brine and the Culebra brine simulants were used. That reduction in ionic strength provides-a 
degree of conservatism in the results. 

C.C.C. expenments for the various concentrations of WIPP brine simulants were conducted under 
acidic (observed pH generally ranging from 3 to 4), neutral (pH 6 to 8), and basic (pH 9 to 12) 
conditions. Following the introduction of an aliquot of drspersed colloidal particles to a series of 
test tubes contaming the sequentially diluted brine, colloidal particle concentrations remaining 
near the top of the fluid columns (residual concentration) were measured as a function of time. 
The degree of coagulation and settlmg was quantified using an inductively coupled argon-plasma 
atomic emission spectrophotometer (ICP-AES), nephelometry, and direct particle counting. 

Most of the experiments conducted relating to the kineticstability of mineral fragment colloidal "--. 
particles were qualitative to semi-quantitative, and were focused on evaluating whether a C.C.C. 
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existed. For the final experiments, however, we used a state-of-the-art particle spectrometer - 
designed for semiconductor fabrication plants, which require extremely pure processing water, 
and use a similar instrument to ascertain purity. Our fmal experiments were conducted over an 
extended period of time using that more sensitive analytical technique to determine the number 
and size of colloids in the brine suspensions. Those experiments were conducted in a similar 
fashion to previous experiments for bentonite (Aldrich Chemical Co.), goethite, and hematite 
(mechanically disaggregated), but in a relatively dilute (and therefore conservative) brine 
simulant consisting of 0.1 M NaCl. Residual particle concentrations made with the particle 
spectrometer compared favorably with measurements made with spectroscopic techniques made 
at similar experiment times. Generally after the f m t  day of the C.C.C. experiments, the majority 
(greater than 99 percent) of the colloidal particles had already settled out of suspension. With the 
more sensitive particle spectrometer, however, residual concentrations of colloidd particles were 
observed to continue to decrease. For experiments analyzed by spectroscopic or light-scattering 
techniques, final residual colloid number populations remaining suspended in the test vessels 
were determined by multiplying the initial colloid number populations determined at the start of 
our experiments by the fraction of suspended colloids remaining at  the h a 1  reading. Using the 
particle spectrometer, final number populations were measured directly: 

Discussion 

Parameter values (CONCMIN) describing the amount of actinide element bound by mineral 
fragment type colloidal particles were determined from the information described above, 
combined with estimates of adsorption site densities. 

Actinides sorbed to the surfaces of colloidal particles can be estimated using ranges of values for 
adsorption site densities taken from published surface complexation modeling research. The 
actinide concentration contained by a single mineral fragment type colloidal particle is calculated 
by considering the geometrical surface area of a spherical particle: 

.. .. , . . . .~ 
wheie: 

[An], = concentration of adsorbed'ac&de element (mol&/particle) 
D - - spherical colloidal particle diameter (nm) 

- NS - adsorption site density (siteslnm2) 

NA = Avogadro constant 

- 
An adsorption site density of 1 siteInm2 was used for N, in the above equation, a value which we 
believe is conservative. With that site density, 10 nm and 1 p.m diameter particles could have a 
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maximum of about 10-22 and 10-18 moles actinide per particle, respectively. To obtain an 
estimate of the maximum actinide concentrations that could be associated with the colloids, the 
estimates of residual colloid number populations (particles per liter of dispersion) were 
multiplied by the estimated maximum actinide transport capacity described by equation (1). Our 
use of a uniform adsorption site density is a conservative approach, because the actual sorption 
on mineral surfaces should be described by some kind of isotherm which will result in less than 
100 percent coverage. 

Interpreted Results 

Final residual colloid number populations quantified by spectrophotometry or nephelometry 
showed that mineral fragment type colloidal particles are kinetically destabilized by brines 
similar in composition to those present at the WIPP Site. Colloid number population values 
were, with a few exceptions, reduced to less than 5 percent of the initial values within 1 day. 
Conservative estimates of maximum actinide concentrations associated with those residual 
colloid populations are on the order of 10" to 10-9 moles actinide per liter of dispersion. 

The final experiments, which utilized the particle spectrometer to measure the quantity of 
colloids remaining in suspension offered the most sensitive estimates. Moreover, those 
experiments were conducted for substantially longer periods of time than the semi-quantitative 
C.C.C. experiments. Those experimental results are the following: 

We believe that the experimental results using the particle spectrometer, although onl~~eflectjhg 
. .. .- . . ...: .,.' .< . . , . -. 3 

three distinct colloids (hematite, goethite, and bentonitk), &e represekatlve of other mifkral 
fragment type colloidal particles in terms of their behavidrh brine solutio&. The geometric 
mean was assumed to be a more representative average of the final colloid concentrations than' 
the arithmetic mean because of the very small final colloid concentrations (which,-for this 
particular case, is also conservative). 
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Estimated actinide concentration 
(moles/L disp6rsion) 

1.6 x 10-8 

9.5 x 10-10 

1.6 x 10-10 

1.3 x 10-9 

Mineral Time of final reading (days) 

hematite 

page 5 

goethite 

bentonite 

geometric mean 

12.9 

12.8 



Mineral fragment type colloidal particles are unique among the four colloidal particle types - 
addressed for WIPP, because their concentrations are not generally linked to solubility, as are 
actinide intrinsic colloids and humic substances, or to a maximum supportable population in the 
case of microbes. Consequently, in an intrusion scenario at the WIPP, as dissolved actinide 
elements are introduced to the Culebra, it is possible that those dissolved actinides could sorb 
onto a separate population of indigenous mineral fragments, producing a supplemental source 
term. To account for that possibility, we recommend multiplying the geometric mean value 
listed above by a factor of two, producing a final "most-likely value" of 2.6 x moles actinide 
per liter of dispersion. 

To capture uncertainty, mainly stemming from knowledge of the adsorption site density value, 
we recommend a triangular distribution with "minimum values" and "maximum values" 'I 

spanning one order of magnitude about the geometric mean. 

Summary 

. 

Interpreted values for CONCMIN are summarized in Attachments C, E, and F. In those values, 
we have incorporated conservatism in two ways. First, we have increased the experimental 
results by a factor of two to account for the possibility that the indigenous mineral fragment - 
colloidal particles . -- in the Culebra could sorb dissolved actinides (see Attachment F). Second, we 
have essentially multiplied the total concentration of actinides carried by mineral fragment 
colloidal particles by a factor of five, because we have assumed a separate population of colloidal 
particles for each actinide element. No consideration of competition for sorption sites is 
incorporated into our calculation approach. We believe that the value used for adsorption site 
density is conservative, but reasonable. The triangular distribution of one-order-of-magnitude 
about the "most-likely value" essentially captures our uncertainty in site density values. If the 
WIPP PA Department elects to not use the triangular distribution in their calculations, we 
recommend that the "maximum values" be used as constant values. 
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Attachment B: 

Stockman, Christine T., 1996, Request for colloid parameters for use in NUTS, GRIDFLOW and 
direct brine release calculations. SNL Technical Memorandum dated 29 March 1996 to Hans 
W. Papenguth. 



@ Sandia National Laboratories 
Operated lwthe US. DepaNnant ol Energy 

Sandia Corporation 

IUbuquequs. New Merim87185 

bare: 3/29/96 

Hans W. Papenguth 

horn. Christine T. Stockman 

~ b i ~  Request for colloid parameters for use in NUTS, GRIDFLOW and direct brine release 
calculations 

In order to properly model the transport of radionuclides within the Salado formation, we wiU 
need information about the possible transport of these radionuclide on colloids. In this memo 
we request the maximum mobilized radionuclide concentration andlor the proportionality 
constant d e f ~ g  the moles mobilized on colloid per moles in solution, for each transported 
element and colloid type. We are planning to transport Am, Pu, U, and Th, and may also 
transport Cm, Np,-Ra, and Sr. If we transport Ra and Sr, we are planning to model them as 
very soluble, and not sorbed, so I believe modeling of colloids for them will not be necessaty. 
For Cm solubility, we will be using the Am(IU) model. If you believe that Cm colloids also 
behave similarly to Am colloids, we could extend the chemical analogy to the colloid 
behavior. If you agree with these ~&~lif<ations then we will need the parameters for Am, 
Pu, U, Th and Np only. 

Suggested names for database entry: 
ID-: Am, Pu, U, Th, Np 

IDPRAM: 
CONCJNT for concectration of actinide on mobilized intrinsic colloid 
CONCMIN for concentration of actinide on mobilized mineral ka,pents 
CAPHUM for maximum concentration of actinide on humic colloids 
CAPMIC for maximum concentration of actinide on microbe colloids 
PROPHUM for moles actinide mobilized on humic colloids per moles dissolved 
PROPMIC for moles actinide mobilized on microbe colloids per moles dissolved 

You will need to provide a distribution for each material-parameter pair, but that distribution 
may be "CONSTANT' for most of the numbers. Eight sampling slots have been reserved for 
the most importarit of these parameters that have non-constant distributions. 

cc: 
Mary-Alena Martell Amy S. Johnson J. T. Schneider 
Hong-Nian Jow Martin S. Tierney Richard V. Bynum 
E. James Nowak W. Ge~igt:  Perkins ALi A. Shinta 
James L. Ramsey 
SWCF-A:WBS1.2.07.1.1:PDD:QA:GEhTERAL 

Exceptional Service in the National interest 



-. Attachment C: 

Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters. SNL Technical 
Memorandum dated 29 March 1996 to Christine T. Stockman. 



Sandia National Laboratories 
Albuquerque, New Mexico 87185 

darc 29 March 1996 
. . . . .  . . .  

to: Christine T. Stockman, MS-1328 (Oig. 6749) . . .  .: !. ' , . :. . .  :. ~ 

from: Eans W. Papenguth, MS-1320 (Org. 6748) 

d 
... subjccr Colloidal Actinide Sounz Tenn Parameters -.... . - . . n . . . . . . . . . .  

This memorandum summarizes best estimates for the mobile colloidal actinide source term 
for input to the 'WIPP Compliance Certification Application. The use of material and 
parameter identification codes is consistent with your letter to me dated 29 March 1996 
requesting parameter values. In the attached table, I have provided best estimates for the 
following material-parameter combinations: . - - . - - - 

I D P M  CONQNT concentration of actinide associated with mobile actinide . . .  . . -.. - i n b s i c  colloids 
CONCMIN concentration of actinide associated with mobile mineral 

ira,oment colloids 
CAPBUM maximum concentration of actinide associated with mobile 

humic colloids -. - 
CAPMIC maximum concentration of actinide assocized with mobile - 

micro7ms 
PROPHUh4 proportionality constant for concentration of actinides 

associated with mobile humic colloids 
PROPMC proportionality constant for concentration of actinides 

associated with mobile microbes 

As a first approximation, the coUoidal behavior of curium can be simulated be using 
parameter values for americium. The basis for the values summarized in the attached table 
is described in the following rcord packages for WBS 1.1.10.2.1: 

.... . . . .  

1 WPOg I Parameter Record Package Name 
35950 1 Mobiie-Colloidal-Actinide S o u m  Term. 1. Mineral F-ent Colloids 

I 35852 I Mobile-Colloidal-Actinide Source Term 2. Actinide Intrinsic Colloids 
1 35855 I Mobile-Colloidal-Acrinide Source Term. 3. Humic Substances 
1 35856 ( Mobile-CoUoidal-Actinide Source Term. 4. Microbes 
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Mobile-Colloidal-~ctinide Source Term-ConcenlrationiPropo;tionality Conslants 

Papenguth to Stockman. 29 March 1996. Page 1 of 2 



~obiie-C01ioida1-~clinide Source Term-ConcentrationlProponionality Constants 

Parameter I Material Most Minimum Maximum Units Distribution Notes 
Likely Value Value Type 
Value 

t I 
I I 

Ill 15e-05 1 5 4 5  15e-05 moles colloidal humic-bound consrant 5.6 
Th per k c r  of dispersion 

U 15c-95 15c-05 15e-05 molts colloidal humic-bound constant 5.6 
U p a  liter of dispersion 

Vp 15c-05 1.5~-05 1.5e-05 moles colloidal humic-bound constant 5,6 
Np p r  iitcr of dispersion 

* I  15e-05 15e-05 15e-05 molts colioidal humic-bound constant 5 6  
Pu per liter of dispersion 

15e-05 15e-05 moles coUoidal humic-bound consrant I 5.6 
Am pr liter of dispersion. 

I I I 
I% 1 3.1,eiQO 3.le+001 3.leiM) molts microbial Thpcr connant I 2.3 

moles dissolved Th 

7 2.le-03i 2.1~-03 moles microbial U per moles c o m t  

. i i 2.3 
dissolved U 

1 . 2 ~ 4 1  moles microbial Np per constant Vp 1 l l a o l j  I . M l 1  1 2.3 
moles dissolved Np 

?u 3.0e-01 3.0=-0-0r moles microbial Pu per mnstklt 2.3 
/moles dissolvrd N 1 

4m 2.3 - 
moles dissolved Am 

I 1 
1.9c-03 1.9~-03 mola total mob'ielh pr- constant 

I 5.7 
liter 

J 2.le-03 2.le-03 moles total mobile Ups consrant I 5.7 
\liter 
I i I 

2 . 7 4 3  moles total mobile Np per constant I 5 ,i 
Ilirer 
I I 

t a d  mobiie Pu per conrant 5.7 

. . 
9m moles tad nobiie Am per cons'ant 

,. . . ,.., . 
t ; . ,  , , 
,,? !.!. . ! .' 

Cbe maximum ("cap") values arc in units m m p d l e  to moladty ratha than moldity. 1. 
XPHLTM is compand to rhe concentration of the rcspt-xive humic-bound acfinidc c l t m n r  1 
X M I C  is wrnpzrtd to the total conccnmtion of rh= r e s p ~ z v e  actinide dement in rhc mobile system (j.?. 

hc sum of aizsoivcd plus colloidal acrinide). 1 I I 
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Attachment D: 

Stockman, Christine T., 1996, Request for any modifications to the colloid parameters for use in 
NUTS, GRTDnOW and direct brine release calculations. SNL Technical Memorandum 
dated 2 April 1996 to Hans W. Papenguth. 



(@ Sandia National Laboratories 
Operaled lor the U.S. Departmen1 ol Energy by 

Sandia Corporation 

~lbuquerque. New Mcxim 87185- 

r ' 
. tri im Haiis W. Papenguth 
.EL . ..L 

f: 
& ' ,,, Christine T. Stockman 
t. 
k 
5 
t - Request for any modiications to the colloid parameters for use in NUTS, GlUDFLOW and 

direct brine release calculations 

YiFeng Wang has revised his recommendation to use 2 invariant points in the PA calculation. 
He now recommends that we use the Mg(0Hh -+ MgC03 invariant point for all calculations. 
If this invalidates .the assumptions that you used to prepare colloid concentration or 
proporrion parameters please indicate as soon as possibIe which parameters are affected, and 
zs soon as possible after that provide a memo documenting the new values. 

cc: 
Mary-AIena MarteLI 

c Amy S. Johnson 
. ~- - - -. - - - - -. 

Hong-Nian Jow 
Martin S. Tiemey 
3. T. Schneider 
Richard V. Bynum 
E. James Nowak 

-. - W. George Perlcins 
SWCF-A:WBS1.2.07.1.1:PDD:Q.4:GEhXRAL 

Exceptional Service in the National Interest 



Attachment E: 

Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, Revision 1. ShZ 
Technical Memorandum dated 18 April 1996 to Christine T. Stockman. 



- Sandia National Laboratories 
Albuquerque, New Mexico 87185 

aatc 18April 1996 2 
., . . . .  
&. 
. .. 

to: Christine T. Stockkan, MS-1328 (Org. 6749) 
. .. . . . . .  .. . : 5 

'f; % u. P V ~ k  . :. . ~ 

f - 
. .  . . . 

. . . .  . . .. 
Q 1 
F: 
> .  from: Ha& w;~&pen~uth ,  MS-1320 (org. 6748) 
- .  . - z .  
% .  
i-' g 

Subject Colloidal Actinide Source Term Parameters, Revision 1 i! 
4! 

. ..~. . . . . . .:,. , - -  . -  

~ h i s  *emhndum summarizes the revised best ~ & a &  for the mobile colloidal-actinide 
P! 
& so& term for input to the wI?P Compliance Certification Application. Values presented - -- -. . . - .I' herein supersede the values providedto you on 29 March 1996 (Papenguth, 1996) in 
i: response to your memorindum of 29 March 1996 (Stockman, 1996a). The present 
I< 

e. memorandum addresses your request for ~odifications &ted in your memorandum dated 2 
- April 1996 (Stockman, 1996b). 

~ ~ 

In the attached table, I have summarized the complete set of parameters and values for the 
mobile colloidal-actinide source term Revised values for maximum actinide concentration 
values for humic substances and constants describing actinide concentrations associated 
with mineral-fragment-type colloidal particles are included. New values (i.e., 
corresponding to new idpram's and idmtrl's) for proportionaIity constants describing 
actinide concentrations associated with humic substances are also included 

The revisions described herein for humic substances reflect a shift in approach from 
proportionality constants describing actinide-humic concentration by element, to 
proportionality constants describing actinide-humic concentration by actinide oxidation 
state. That change affcts treatment of actinide elements that will have multiple oxidation 
states in the W P  repositoq [e.g., and N p O  and Np(V); and 
P u o ] .  A second modification in appioach, is that I now provide values for two cases: 
(1) a Castile brine in equilibrium with brucite and magnesite; and (2) a SaIado brine in 
equilibrium with brucite and magnesite. For humic substances, the following material- - 
parameter combinations apply: 

- ~~. - . ~ 

. . 
, ... . . . , .~~ .. . . . . .. . ~ 

ID-: PHLTMOX3 . proportionality constant fo; conc&&tion b f  iictinidks 
~. . . . .. 

~~ ~ ~. .. ~ . . 
associated with mobi~e humid s'ub~tan&, for actinide elements 
with &&ation state 3; 



- 
groportionality constant for concentration of actinides 
associated with mobile &c substances, for actinide elements 
with Mdation state 3; 
groportionality constant for concentration of actinides 
associated with mobile Lmic substances, for actinide elements 
with &&tion state 2 and 
eroportionality constant for concentration of actinides 
associated with mobile humic substances, for actinide elements 
with ~ d a t i o n  state 6. 

groportionality constant for concentration of actinides 
associated with mobile U i c  colloids, in Castile brine, 
actinide solubilities are inorganic only (no man-made ligands), 
brine is in equilibrium with @-bearing minerals (brucite and 
magnesite); 
groportionaIity constant for concentration of actinides 
associated with mobile m i c  colloids, in Salado brine, 
actinide solubilities are borganic only (no man-made ligands), - brine is in equilibrium with &-bearing minerals (brucite and 
magnesite). 

The revisions made for actinide concentration associated with mineral-flagment-type 
colloidal particles were made to include the potential confxibution of actinide-mineral 
colloids formed in the Culebra. To accomplish that, the original repository source term 
values (Papenguth, 1996) have been doubled. That approach is not necessary for humic - 
substances or actinide intrinsic colloids [i.e.. Pu(IV)-polymer], because their 
concentrations are limited by solubiities. Concentrations of actinides associated with 
microbes are limited by the steady-state population of microbes in the repository, which 
will not increase when introduced to the Culebra. 

The basis for the values s u m m a i i  in the attached table is described in the following 
record packages for WBS 1.1.10.2.1: 

WPO# 
35850 
35852 
35855 
35856 

Parameter Record Package Name 
Mobile-Colloidal-Actinide Source Term 1. Mineral Fragment Colloids 
Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids 
Mobile-Colloidal-Actinide Source Term. 3. Humic Substances 
Mobile-Colloidal-Actinide Source Term 4. Microbes 
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Mo&le-CoUoidal-Aeinide Source Term; Concentratioflroponionaiity Consranls: Revision 1 

Ststus Parameter Most Minimum Masimum Units I (IDPRAM) 1 gs) I Likely 1 Value I Value 1 
I Value I I 

I 
.cviwd C O N W  'Ih 26c-W moles collo~dal minual- vjangular - -7 i ~. 

1 
fragment-bound Th per l i ta  
of dispersion 

w i d  CONCMW U 2.6~-09 26-09 26& molcs mlloidal m i n d -  tiangular I 
fragment-bound U pcr l i t a  
of d i w i o n  

r v i s d  /coNcm moles colloidal mineral- 
1 .  : 

fcagmcnt-bound Np p a  Iitn 
of dispasion 

I , 

=*" i' NW " 
26009 m o l u  colloidal m i d -  mangulz i i 1 

frapent-bound Pu p a  lilP -1 of dispcnion 
I I 4 I 

~ v i d  26c-09 26009 moles mUoidal m i n d -  mangvlar i 1 
fmgmmt-bound Am per Iirn 

I I . =  ~ ~ ~- 

dissolv$i actinidc (rv) 
cviscd (new) PHUMCLM PHLIMOX5 43~04 7.Sc-03 molcs colloidal humic-bouod uiangular 

I 

i i i 3 . : _ i  6.2c-02 s.le-O1 I I 2.3.4 
aninidc (V) per moles 
dissolved actbidc (V) 
moles colloidal humic-bound t i a n p l z  2.3.4 
actinidc 01) p a  molcr 
dissolved auinidc (VI) 
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~obWt~lloidaI-Actinide Source Term: ConcentrationrPrDpo~ona~lh, Constants: Revision 1 
!, . 4 

1 I 
reviscd iCAPHUM Tb 1.1~-05 1.1~-05 l.lc-05 molcs colloidal humic-bound consrant 5.6 

?h pa liter of dispersion 

reviscd lCAPHUM 1.1e-05 l.le-05 l.le-05 molcs colloidal humic-bound connant 5.6 
U pa lies of dirpcrsion 

rcviscd IWHZ Np 1 .1~05  l.lc-05 1.1~-05 molcs colloidal humic-bound constant 5.6 
Np pa liter of dispuriou 

revlrrd CAPH l.le-05 l.lc-05 1.1~-05 molcs colloidal humic-bound constant 5.6 lh Pupa l i ta  of dirpcnion 

revised . CAPHUM Am l.lc-05 1.1~-05 l.le-05 moles colloidal humic-bound constant 5.6 
Am p a  l i ta of dispersion 

3.1HMJ-- 
- i 23 

moles dissolvcdTb 

2.lc-03 Z l c m  molts miwbial U pcrmolcs constant 
dissolved TI I 

-z - POPMC ihp 1 2 3 0 1  1.~c-41 IL~+OI  molts rmcmbr;rl ~ p p c r  constant 
i \moles dissolved Np 1 

I 
.J; 

.. . - -. . . . . 
PROPMIC 3.6c+OO/molcs~wbial Am psr conna~t i 2 3  

molcs mssolved Am 
I I I I 

1 I 1 1.90031 I 1.9e-OSl I I I 
1 .943  molcs toral mobiiTh per mnstant 

I 
I I 5,7 l i ta  I - 
i A""' lu . ' 

2.1~-03 2.lc-03 2.1~-031moles total mobile U pcr wnnant I 5.7 
- - . - - - - - /lies 

2.7431 2.7c-031 2 . 7 4 3  moles total mobile Np per consrant 5 -7 
I liter 

~WMIC inoc i n o r  not molcs rotal mobile Am p-;. 5,7 
currently n r m ~ d y  cvrcndy 
available available available 

I I I I I 

I I I I I I I I l u o ~ :  
- 

I p x a i T n c  colloidal actinide source cnm is added to the dissolved actinide source tmn 1 I 
1 gm-4iNonc of lhc parametas arc corrdared. I I 1 i 
I 1 IIf a distribution is not used for mineral-hgmeni-bound aainidcr, use the maximum cwmnarion as a 
I / m m t  valuc I I I I I 
I Z/Ropomionality consrants may be uwd with acdnidc solubiljty q m s d  in molzity or molality, depending 

(on the dcsked final units. ( \ I 1 I 
1 3 IRopoldonality consants arc w be uscd with the inorganic actinide solubility value (uncomplued only. 
I 1i.e. without organic ligand mumbution). 1 I I 
1 4 1Lf a disuibution is not used, LUC rhe maximum rnnceudon as a mnaanf value ( 1 
1 5 ;?be maximum ("cap") values arc in units mmparable to molarity ratha ban  molality. I 

6JCAPHUM is mmparrd to the conccnuation of the hspa ivc  humic-bound actinide clcmmt 1 
1 7 lCAPMIC is compared to the total c o n c c n ~ o n  of the respcctivc actinide dcmmt in h e  mobile syncm (i.& 
I Ithc sum of dissolved plus colloidal acrinidc). 1 1 I 

.. - . 
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Attachment F: 

Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, Revision 2. SNL 
Technical Memorandum dated 22 April 1996 to Chnstine T. Stockman. 



C 

.. . k :  date: 22 April 1996 
c. . 2 i 
a : 
L: , r,  . to: Christine T. Stockman, MS-I328 (Org. 6749) 

Sandia National Laboratories 
Albuquerque. New Mexico 87185 

t: 
F i  subject: Colloidal Actinide Source Term Parameten, Revision 2 
i k  p 

1 
In my rush to complete and distribute Revision 1 (llapenguth, 1996), 1 made mistakes on 

g the minimum and maxim& values for actinide concentrations associated with mineral- 
. . 
.? .-- fragment-type colloidal particles. The attached Table contains the correct values. . . 
I t  
3 -  :i .. . . 
*< ... :- ,? References - 

Papenguth, H.W., 1996, Colloidal Actinide Source Term Parameters, Revision 1. Shl 
technical memorandum dated 18.4pril I996 to Christine T. Stoclrmae 
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Mobk-cdaidal-Astinide S o u m  Term: CansentntionrProPortjonalily Constanls; Revision 2 

I idissolved acrinide (V) 1 
molcr wlloidal bumic-bound ~ M @ K  

I 

! ! 2.3.6 
actinide (VI) pr moles 
dissolved actinide Nn 



-. 

Am per l i e  of di@ 

I I I I 
i.%-03 i.9ca3j i . 9 c a 3 ~  wml mobikTbpcr w . u a  5.7 

liter - 
2 . 1 4 3  3 2 .1~43  moles mlpl moh'ic U pcr cowant -. 1 l i e  

2 . 7 4 3  2.7~-03 2.7c43lmolu wld mobucNp pr sonsrant 
llitcr 

6.845 moles wld mobile Pu pcr w m m r  5.7 
liter 

rota1 mobile Am pcr wnrwr 5.7 l l -  



Title 40 CFR Part 191 
Compliance Certification 

Application 
for the 

Waste Isolation Pilot Plant 

WCA Attachment WCA.8.9 



THIS PAGE INTENTIONALLY LEFT BLANK 
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Sandia National Laboratories 
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date March 29, 1996 

to: Martin S. Tiemey (Org. 6741) 

Christine T. Stockman (Org. 6749) 

mQpJ---r from: Yifeng ang (Org. 6748) 

subject: Estimate of Repository pH and fcoz Distribution for the Long-Term WIPP 
Performance Assessment (PA) 

In my memo to M. D. Siege1 (Wang, 1996). I justified that, due to the addition of MgO 
backfill, WIPP brine pH and fcoz will be determined mainly by two chemical invariant 
points: Mg(OH)2 + MgC03 or Ca(OH)2 + CaC03. I thus suggested that actinide solubility 
be calculated only for these two invariant points. In this memo, I want to define the 
likelihood for the occurrence of each invariant point in WIPP repository over 10000 years. 

I assume that 2x10~ moles of MgO will be added to the repository for controlling brine 
chemistry (Bynum, per cornm., 3/26/1996) and 8x10~ moles of Ca(OH)2 will be present as a 
cementious material in the waste (Drez, 1996; Storz, 1996). Since the quantities of MgO 
and Ca(OH)2 are futed, the pH and fco2 will be a function only of the amount of C02 
produced by microbial reaction , the volume of brine in the repository, and the type of brine. - 
With computer code EQ3/6 (Wolery, 1992; Wolery & Daveler, 1992), I conducted titration 
calculations for each WIPP brine (ERDA-6 and Brine-A) with various amounts of Mg(OH)? 
and COz. In the calculations, Ca(OH)2 was added in proportion to MgO. Furthermore, in 
order to avoid the numerical problem caused by water consumption, Mg(OH)?, instead of 
MgO, was used in the calculations. The brine compositions were from Brush (1990). Based 
on the calculations, the distribution of the chemical invariant points was constructed as a 
function of moles of COz k g  H20 and moles of Mg(OH)&g H20 for each brine (Figures 1 
and 2). For Castile brine ERDA-6, the transition from one invariant point to another is very 
sharp (Fi,we I), while, for Salado brine Brine-A, a transition region (IQ exists due to the 
formation of Mg-oxychlorite (Figure 2). The transition region and region I have very similar 
pH values. Note that pH in this memo always refers to pmH = -log [m. 

From Figures 1 and 2, the following conclusions can be drawn: 

(1) The biodegradation of a small percentage of total cellulosics will produce sufficient C02 
to react all Ca(0H)z in the waste (see dash lines region I in both Figure1 and 2). 
Therefore, for the cases with microbial gas generation, the brine chemistry will be 
controlled mainly by Mg(OH)2 + MgC03 invariant point 

(2) Without CO2 production, in order for Salado brine to reach region 11, the ratio of 
Mg(OH)z/kg H20 needs to be larger than 400, corresponding to the brine volume of 
5000 m3 (Figure 2). This brine volume is small and may only account for a few - 
percents of total pore volume in the repository. Therefore, the brine chemistry in E2 
scenario is unlikely to be controlled by the Ca(0H)z + CaC03 chemical invariant point, 
although this control may be in effect for some undisturbed cases. 
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(3) Figure 1 indicates that the brine chemistry will be controlled by Ca(0H)z + CaCO3 in an 
El  scenario with no C02 production. But, this may not be true, if there is enough Salado 
brine (> 5000 m3) in the repository to react with all Ca(OH)2 before human intrusion; for 
these cases, the brine chemistry will not be controlled by Ca(OH)2 + CaCO3. 

Because the volumes of the brine in the repository and the brine released can not be pre- 
determined, it is difficult to give a good estimate of the relative probability of being in 
region I versus region 11. However, based on the above discussion, I expect that, given the 
current inventory estimate of Ca(OH)2, the overall chance for a WIPP brine to be in region 11 
is low. Considering that actinide solubility is higher at Mg(0H)z + MgC03 (Novak & 
Moore, 1996, I recommend using the actinide solubility calculated for Mg(OHJ2 + MgC03 
invariant point for all PA calculations. This recommendation is conservative. 

Figure 1. Chernical-lnvariant-Point Distribution for Castile Brine (ERDA-6) as a Function 
of CO2 Produced and Mg(0H)z Added per Kilograms of Water. Since MgO and 
Ca(0H)z are fixed, the ratio of Mg(OH)2&0 = 2x10~ moleskg of total water in 
the repository. The ratio of Ca(OH)2ikg H2O = 0.004*Mg(OH)~kg H20. The 
dash line is the COz/H20 ratio corresponding to 8% of cellulosics biodegraded. 
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Figure 2. 

March 29, 1996 - 

Chemical-Invariant-Point Distribution for Salado brine (Brine-A) as a Function of 
C02 Produced and Mg(OW2 Added per Kilograms of Water. Since MgO and 
Ca(OH)2 are fixed, the ratio of Mg(OW2/H20 = 2x10~ moleskg of total water in 
the repository. The ratio of Ca(OH)2/kg Hz0 = 0.004*Mg(OH)2kg HzO. The 
dash l i e  is the C02/H20 ratio corresponding to 8% of cellulosics biodegraded. 
Region I l l  can be combined into region I, because they have similar pH values. 

+ 
MgC03 

pH r 9 2  . 
j 

region It: 
j 

m ,---'m 600 Lao ,om 12m irm 
bnne volume: 5WO 

moles of Mg(0H)Zkg HZ0 
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date: March 18, 1996 

to: Malcolm D. Siege1 (Org. 6748) 

, %.&$ b b y '  
from: Yifeng ang (Org. 6748) 

-.-- 
subject: Define Chemical Conditions for FMT Actinide Solubility Calculations 

Reflecting the recent decision of adding MgO as a backfill to control WIPP repository 
chemistxy, this memorandum is to define the chemical conditions for FMT actinide 
solubility calculations for WIPP performance assessment (PA). The decision of adding 
backfill will significantly simplify the FMT calculations. In the original plan, the actinide 
solubility was supposed to be calculated for the whole ranges of brine chemical conditions 
(pH, C02 fugacity) and the results would be submitted to PA as lookup tables. However, 
due to the addition of MgO, we now only need to calculate the actinide solubility for two 
chemical invariant points, and the full-range lookup tables are no longer needed. 

To define WlPP brine pH and C02 fugacity (fco2), I have conducted the titration 
calculations for both Salado brine (Brine-A) and Castile brine (ERDA-6) with computer 
code EQ316 (Wolery, 1992; Wolery & Daveler, 1992). In the calculations, I have assumed 
(1) that the repository chemistry will be m h y  controlled by microbial C02 production and 
the dissolution of MgO backfdl and Ca(0H)l originally present in the waste as a cementious 
material and (2) that the amount of MgO added will be sufficient to remove all C02 from 
gaseous and liquid phases. The brine chemical composition used in the calculations are 
£ram Brush (1990, tables 2-2 and 2-3). The calculation results are shown in Figures 1 and 2. 
Note that pH in this memo always refers to prnH = -log[W]. 

The calculation results show (1) that adding suecient MgO to the repository will buffer 
brine pH at 10 for Castile brine (ERDA-6) and 9.2 for Salado brine (Brine-A), after d C02 
in the gaseous and liquid phases are consumed, and (2) that the presence of Ca(OH)2 in the 
waste may bring pH to 13 for Castile brine and 12 for Salado brine (Fi-wes 1 and 2). 
Thermodynamic calculation shows that the reaction: 

MgC03 + Ca(OH)2 -t Mg(OH)2 + CaC03 AG = -9.4 kcaUmole (Drever, 1982) 

will proceed until all MgC03 is consumed. Thus, the effect of Ca(OH)2 on pH will depend 
will only on the ratio of Ca(Om2 to water, regardless of how much MgO will be added. 
Figure 1 and 2 indicates that the brine pH and fco2 will be essentially determined by either of 
two chemical invariant points: 

(1) MgC03 + Mg(OH)2 pH = 10 for Castile brine and 9.2 for Salado brine 
(2) CaC03 + Ca(OH)3 pH = 13 for Castile brine and 12 for Salado brine. 

The transition between the two invariant is sudden. 

Exceptional SeMce in Me Notional Iniered 



Malcolm D. Siege1 (Org. 6748) March 18, 1996 

From the calculation results, I suggest using FMT to calculate the actinide solubility only 
for the two chemical invariant points for each brine. The solubility in the transition zone 
between the two invariant points will be determined, if needed, by a Linear interpolation 
method. In FMT calculations, the chemical invariant points can be obtained by adding 
sufficient amounts of Mg(OH)2 and Ca(OH)2 to the brines and they are characterized by the 
presence of a typical mineral set: either MgC03 + Mg(OI92 or CaC03 + Ca(OH)2. 

In a separate memo to PA, I will provide the relationship between the brine chemistry and 
its controlling factors such as the quantity of CO2 produced, the amount Ca(0H)r present, 
and the brine volume. This relationship will allow us to determine the probability of the 
chemical system falling at each chemical invariant point or the transition zone between the 
two invariant points. 

Figure 1. (A) Castile brine (ERDA-6) titrated with Mg(0H)z. (B) and (C) The resulting 
system in (A) is further titrated with Ca(0H)z. Note a sudden transition from 
MgC03 + Mg(OH)z to CaC03 + Ca(OH)2 regions. 
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Figure 2. (A) Salado brine (Brine-A) titrated with Mg(OIQ2. (B) and (C) The resulting 
system in (A) is further titrated with Ca(OH)?. Note a sudden transition from MgC03 + 
Mg(0H)l to CaC03 + Ca(OH)? regions 
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PY rom: Paul Drez, CTAC 

PRELIMINARY TE OF COMPLEXING AGENTS IN TRU 
IFIED WASTE CAEDULED FOR DISPOSAL IN WIPP 

SllMmlRY 

This memo es the best esti e of complexing agents, based 
on transur TRU) vaste gener rjstorage site input, in TRU 
vaste expec o be shipped to Waste Isolation Pilot Plant 
(HIPP) for dispo The complexing nventories quoted in 
this memo nse to a Sandia a1 Laboratory/Nev 
Uexico (SNL/NH) r t for informatie the U. S. Department 
of Energy (DOE) ad Area Office The memo requesting 
the complexing a information is c ed in Appendix B of 
Revision 2 of the Transuranic Waste Baseline Inventory Report 

R) (DOE, 1995). A 1  s quoted are 
ed from Rev. 2 of 

c complexing 

a summary af Total emote-handled 
h 

sludges from Oak K ional Labora 
ossible cornplexing 

Estimates a vided in Table 4 o e volume of stored and 
projected T te that contribute the estimate of complexing 
agents in t te. For contact h ed (CH)-TRU vaste, greater 
than 94% of tored and projecte nal waste forms contribute 
to the complexing agent estimate and greater than 98% of the 
Solidified Organ a1 waste forms and ater than 92% of the 
Solidified Inorg nal vaste forms. -TRU vaste, 
greater than 86% stored and projec nal waste forms 
contribute to th exing agent estima 
Solidified Organic aste forms and 
Inorganic final was 

BACKGROUND 

Information has been received from all sites that vere requested 
to provide data on potential complexing agents in t r;p solidified vaste forms: Rocky Flats Environmental T%logy Site 
(RFETS), Los Alamos National Laboratory (LAKL) and 0 
addition, several TRU waste sites which do not genera 
solidified vaste forms (or small quantities) have also responded. 
A copy of the CAO memo requesting the complexing agent - information is included as Attachment 1. 
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e m  mcomplexing agent" is being used in lieu of "chelating 
sn in this memo, since chelating agents usually have a - 
in structure (chelating comes from the Greek vork "chelel* 
law, as in a crab), and are considered a subset of 

complexing agents. That is, acetate ion will "complexss with some 
metal increase their s lity but does not have the 
struct that vould label s a chelating agent. A ncommonly~ 
known ating agent is R ethylenediaminetetraacetic acid), 
vhich ins functional %. ( q tate) anion groups arrange in 
parallel which resemble a wclavs' like structure for complexing 
the cation-A has tuo "claw%str~ctures at either end of the 
molecule. b' 

to ask the TRU vaste 
generator/stora le" complexing agents 
in their solidi sk vas researched, 

-solublen is only a 
relative term, s -solublen at some 
concentration le ntial chemical 

te sites is 
le compounds is 

nce assessment 

TRU WASTE SITE RESPONSES 

O m L  h 

ORNL provided a list of compounds wh ontain some 
aqueous-soluble compounds that are apparent complexing agents. A 

of all compounds r 
for completeness ( 

is from an n low-level 
e anticipated to o 

process history ( not necessaril concentrations). 
-TRU solidified 
rganic Carbon 

ste tank (Table 2 sum of the TOC 

anticipated that most of the TOC i 
vith complexing agent 
time. As a consemat 
agents listed in Tab1 
O W L  RII-TRU tanks. -$ 

% 

Los Alamos National Laboratory has provided estimates f four 
complexing agents that are anticipated to occur in th &mu 
solidified waste streams and as materials used in decontamination 
and spill clean-up operations (that would occur with the debris 
vastes) (Attachment 2). The quantities of these compounds are 
summarized in Table 3 .  
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- 
used to estimate the 
etrievable vaste (post 
Ory ( INEL).  Attached 

ETS that was provided to the BIR 
nts in TRU waste 
PP (Table 3). This 

er as part of the 
e of Nevada to document that 
cur in WETS solidified low- 
be shipped to NTS for disposal 

f ckmplexing agents 
o assume that all of 

these complexin TRU waste. The 
inventory of co estimate for all TRU 
waste generated 

ETS results from 
0-19891, which 
ly estimates 

h ah River Site (SR n response 
CAO request (Att ed as 
4. SRS has prov complexing 

'te in conn eir operations, tributyl 
tri-octyl e (TOPO) and tri-iso 

) As discussed in SRS letter, none of these 
pected to be found RS TRU waste. 

Hanford ik 

Hanford Operation s provided a listing 4 their database of 
potential chemic&s their TRU waste. 
appears on the list t act as a c 
aqueous solutions and ociated vith 
the waste is tributl rted under 
three different spel 
summarized in Table 3. entire list 
Hanford and quantiti 

LLNL 

Lawrence Livermore National Laboratory submitted the 
included as Attachment 6 documenting that no chelating agents 
occur in the LllJL TRU waste streams. 



VOLUME OF TRU WASTE INCLUDED I N  CO-NG AGENT HEUO - 
4 contains a l i s t i n g  of t h e  t o t a l  TRTJ waste dest ined f o r  

i n  WIPP (stored plus projected t o  2 0 2 2 ) ,  l i s t e d  i n  
Column 2. Column 3 estimates what volume of waste from each 
major t h a t  has contr ib  
solidRu waste. 

t o  the  estimate of complexing 
agents and 5 provide t h e  same data  f o r  

Organics and Sol' i ied Inorganics f i n a l  w a s t e  forms. 
The t s label led "PERC AGEW provide an estimate of the 
percentage of waste t h a t  TRU waste generator/storage s i t e s  have 
provided da r estimating corn xing agents i n  t h e  w a s t e .  
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National Labora ak Ridge, Tenne 

U. S. Department ergy, 1995, "Tr nic Waste Baseline 
Inventory Report (Revision 2)," DOE/CAO-95-1121, December 1995, 
-bad, Nev Mexico T 
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- le 1 Drganic chemicals used regularly in the TPP (7920) and NRP 
(7930) and subsequently discharged to the OEXL lLtY s y s t a  

annual usage 

ketic ac 
Acetone 
Adogen-36 
Grbon tetrachloride m 
Deodor izad miner 1000 L 
2.5-di-cert-but m 
Deichylbenzene ( 
Diezhylenecriami aacetic acid (DFTA) 

800 L 
m 

Di(2-echvlhexvl) D ~ O S U ~ C ~ ~ C  acid (WEKa) 200 L - ~ .  
~iroprbpylbenzene (:IF 
hano 1 
her 

Ethylenediamfnetetraace 
2-ethyl-1-hexanol 

oxyisobutyrk acid (AH 

Xylene 

% = minimal us 0 kg/year or Llyear. - ---.* - 9. 

.- 
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IWK-LU-LYY~ itli 1.L UHtL ENUIRONNENTRL RSSOC 505 828 1342 

TABLE 2. ORNL TOTAL ORGANIC CARBON ESTIMATES 

Paul E. Dfez 



TABLE 3. RFIINEL AND LANL COMPCEXING CHEMICALS ESTIMATE 

Paul E I r e 2  

' t  



TABLE 4. CALCULATION OF AMOUNT OF WASTE COVERED IN COMPLWNG AGENT MEMO 



United Stares Government Depannent of Energy 

- memorandum Carlsbad Area Office 
Carisbad, New Mexico 88221 

I-- As do~umcnlcd in hc SNL mcm, WlPP PA Would likc lo h s v ~  " b s t  esrimptcp'' thnr arc mlislic and nol 
overly mnscrvn~ivc Conxqudy, all siks bat h v c  existing data on chctating 3gr.w p-I in lhcir 
\;me requeslcd to submil Lhc b c s ~  available infann;rdoa to the BIR technical wff by Februnp 26, 
1396. dct;lils on the M~KC of rhc infcumdon bang rcqrcsud by WU'P PA .we bdng proviacd in 
Tablc 3 of UIC allaEhmmL 
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APPENDIX B 

Table 3. Jmtifiatioa of SpcciPl Requa For Info 
On Orgamic Compicriag Agate  (a) 



Rich Ncvmz, AL 
Tom Bailkd,  BCL, CH 
Joscph C i .  NV 
Gory Rina. OR 
Regina Saric.  RF 
% Lnng, CH 
Frnnk Schmalq OH 
Bruce Ldnm, LAAO 
ROY h, OAK . 
Rudy Guucia. RL 
Dale Onnond, SR 
Jcny Wells, ID 

UKtL tNUIRONflENTRL RSSOC 
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Los Alamos 
N A T I O N A L  L A B O R A T O R Y  

memorandum 

SURJEn. CHELATING AGENTS IN LANL WASTE 

I am certain that I have nat aptured all dreIating agents, but I belien that I have 
identified and quantified roughly the important mattriala The chdatom an found in thres 
waste sczeams: 1) Cemented evaporator bottoms &om TA-55 

2) Cnnasted sludge h m  the TA-50 Prmeatmcnt Pbrd md 
dewatered sludge &om t6e TA-50 Liquid Waste Trea-t 
Plant 

3)  Combu&k m C  h TA-55 
Tht three streams are amrrmrized below. b 

It shwldbenottdthatwastr:gt~ationdafrand~ e x i s t o v a t h c t i m e ~  
l 9 8 O h g h  1 9 9 5 ~ r ~ ~ t o q p o r t t h e e 4 t i m a t e d ~ .  Inacmecaw, 
qusruitafive data i s  almost wncdstmt and the results arc queiitativc at kn Ute Rocky 
F& plutonium professing at LANL aucnrpts LO avoid chrLating agrntt which can 
intcrfcre with r a o v q  operations From your list of compounds of intm I am unaware 

of any significant wgc of lactatc or EDTA, so they havc bccn Jiminetcd from d d c d  
consideration I have added amrbate which has bccn uscd ar a rcdudng agent m HCI 
rnlrrtioiq but not in n'ltric t d d  which auacks Pnd decomposes ascohle. One OF the 
above streams is not an i m m o b i i  stram, but I bclim tbat it b an Mportrnt 
conbiiutor of a soluble ch- agent in the fonn of citrPte. If thia infOcmatim is 
exkaneous tn your purposes, jwt +re h 

Ccmenttd evaporator boaoau froa TA-55. 'Ihe evapow bottom arc derived from 
nifric acid solutions some of which (27%) contain oxnlate t e x r h ' i  &om the precipihtion 
of plutonium oxslate. Btcauge of the pavasive usage of oxdare, it 5 conttined at Lower 
c o m t i o n s  even in those solutions thal do not arise horn fililtaing aa oxaktc 
predpirate. Those numbers are based on analytical results. In addition rhe drums contain 
on the averagc, 3.2 litcn of mdytical sohion residues. Those wrolutions contribute a 
negiigiblc additional quantity of owlatc and small quantities of ascdate, atratc Md 
acetate. W e  have sed-quantitative values from the anaI+cal orpsiation for those 
chelx~ors, based on the quantities used in the analytical processes That give rise to the 
rcdduu. W e  know that 28 liters of solution went into a drum of cemented waste on the 
averapc fiom 1980 11-LOU& Junc of 1988. Sin= that timc, the avnage hasbccn 43 liters - of solution. In addition r c  have information regarding the number of drums generated 
from May. 19S7 h o u g h  Ap~il, 1995. The drum numbers and alremale cemen~ed forms 
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for the rcmsining years are e s M .  fhe totals based on those data and enimatn are 
shownhcre. oxdnte 1600kg 7o.by/P8.  OY = l63.4 

avarbate 7 kg /7r. l9/17s./v = 7.6Y 2 7 
citme 0.5 kg 191. I Y / ~ Y I .  iy = 0.5 r 6.5 
acetate 10 kg 60 .&/fie 05 2 I 0  

Cemented rludge from the TA-SO Pretrutmmt f i a t  md d m h c d  rlrrdge &om 
the TA-9  Liquid Wutc  Trutmmt P h L  Based on cxpaiaxe a! the liquid wase 
t r e a ~ e n r  p h  vrhh upscis in the aearment.procas due lo the presence of chelators in the 
weste &cam, it lias bccn iamed hut TA-55 is thc only signiIic.ant.sourre of &dating 
. g m i s  in ihc sludge genead a that facility. Threc waste liw carry Iiquids f iomT~-55 
to TA-50. The industrial aasre h e  i thought to bc r ~ w n a b l y  fia of chdstiDg agents. 
Tht evapora~or didlate in the p r w  acid waste line is unlikely to umtaixt significant 
quantities of dvktors baause the d;niUatim procers creates a h r p  rcdudou ia the 
conta of~umyolatile ~)hl ion rpaies 

Combustible wure from TAJS. Th. comburc;blc waste wnrm -na mgs that wae 
uacd in dtcontambation and spill dm-up opatioru. In rpill deraup thc rag. Gona k 

. .- y 
f i r a r p a u a r e d y  r l u n y s I R U v l l d e l u m d o n w M E G A S ~ i n n n r m c n t  
The ngs me dampnedwich a soldon 1Pbelcd 'b-''. Va%mc is  r name fw EDTA. 
In the vay early days of ik laboratory vmcnc solution may bw c o & d  PDTq b u ~  it 

had bccn h g e d  10 di amte solution by the time I Mived in 1x9. Drum of 
mmbustiblevastc do not usually contain only dccontamhra~on rags and ofis m&n no 



Paul Drez 3 
NMT-7-WMEC-96-035 

March 12, 1996 

~ l t h  rags. However our wastc m;macpnent pcrsonncl apparuilly used a unique idenrifier 
ova about a four ycar period (1987 to 1991) for tho deco~lamination rags. lkhi tcm 
also had a net d i d  wugbt tum%kd with h. Thus I wsp sbie to gd a hurdk on the 
weigh of dec~magj  g m t c d  in thar rime framr. Thr: ca@ w e  dixardcd not dripping 
but dbtinaly damp. I d a m p e d  %me chcaalah, waghjng More a d  affa, to estimate 
thc weight of oddon w n t ~  in the raga Knowing the e g h t  of sdution and tbt 
concentration of rhc citrate, I was able to taaJate a wdght of dtntc ia * di- 
ngs. In May. 1991 the mge of W e  for decoDtrmmrhnn 

. . uns r e s t r i d  to c d n  
&m. I wre ale ca h t c  ramb for vascne mlutioaprcparstion from 1 9 8 9 ' h  
d y  1991 andthcn@forthcp~sl~mImuldund~ussgebdoredlfter 
1591. FrornhtItraw~rhtuoageforthernnsiningyurn W~thtbrd 
intomrotion, I have eitbacd ttm UU atrate coruaioed in the fcmbuaiblt waac dnom 
frDmI931 t 0 2 0 3 3 d b c l l W k g .  



A T T A C H M E N T  3 

Edward 5 .  Goldberg 
Acting Area Hanager, RFO 

Attn: Hark Yan Der Puy 

APPLICATIOH TO SHIP SALTCRETE 

Attached is a copy of the re-formatted Application to Ship Waste 
for saltcrete. This application addresses all the ccments from 
the Nevada Operations Office document attached to your letter 
1245-RF-89. 

Please refer any questions regarding the attached application to 
E.L. DfAmico at. (303) 966-5362 or P.M. Arnold at FTS 320-2056. 

W.F. Ueston, Director 
Plutoni ura Operations 

Orig. and 3 cc - E.S. toldberg 
Enc. 



Gases 

Stabi l  i z a t ion  

Table 8 (continued) 
Reference Documents/Resul t s  Out1 ining Compliance 

t o  the General Waste Form Cr i te r ia  

Not Appl i cab1 e 

UO-5004 

- Etiologic  Agents Not Applicable 

Boxes,' spec i f ies  Waste 
Operations personnel t o  
visually inspect for  and 
remove any excessive 
par t iculate  from each 
stored sal  t c r e t e  box. 

Sal tcrete  is not a gaseous 
waste. and does not contain 
radioactive gases. 

As described i n  UO-5004, 
"Uaste Treatment Spray 

, Dryer and Sa l t c r e t e  
"rocess, " cement i s  added 

t o  the s a l t  waste stream 
. . to  inmobilize the 

par t iculate ,  so l id i fy  ' the 
l iquids and moderate 
oxidizing charac te r i s t ics .  

Chel a t i  ng Agents Quantity and type of 
complexing agents 
used per year a t  
Rocky Flats:  

Ascorbic Acid: 
4.5 kg 

Acetic Acid: 
6.6 kg 

Sodium Acetate: 
55 .5  kg 

Ci t r i c  Acid: 
4.5 kg 

Sodium t i t r a t e :  
20.0 kg 

Oxalic Acid: 
4 . 5  kg 

EDTA: 1.15 kg 

Sal tcrete  does not contain 
pathogens, infect ious  
wastes o r  other e t iologic  
agents. 

Between 5/15/87 and 
5/7/88, 917 t r iwal l  boxes 
of s a l t c r e t e  were 
produced. The estimated 
sa l tc re te  generation f o r  
any given year i s  between 
1200 t o  1600 t r iwal l s .  
The average net  weight of 
one tr iwall  box of 
sa l tc re te  i s  appraximatel y 
1600 pounds. Total weight 
of sa l tc re te  produced 
between 5/15/87 and 5/7/88 
is 917 bores * 1600 pounds 

1 kg/$.2 pounds = 
6:67*10 kg. As a worst 
case, i f  i t  i s  assumed 
that  a l l  106.36 kg of 
conplexing agents are 

-. 

APPLICATION TO SHIP UASTE Page 20 
SALTCRETE August !%9 



GCD Waste 

Bulk LLW 

Table 8 (continued) 
Reference Documents/Resul ts Out1 in ing  Compliance 

t o  t h e  General Waste Form C r i t e r i a  ' 

8-Hydroxyquinol ine: disposed o f  with t h e  
2.3 kg s a l t c r e t e ,  the:, 

Tr ibuty l  Phosphate: 106.36/6.67*10 =1.59* lo-' 
3.7 kg i s  t h e  weight  f r a c t i o n  of 

1,10 Phenanthrol ine:  the complexing agents  with 
0.012 kg r e s p e c t  t o  t h e  s a l t c r e t e .  

d i  hexyl -n,n- Therefore, Rocky f l a t s '  
diethylcarbamoyl t o t a l  y e a r l y  usage o f  
methylphosphonate: compl exing agents  amounts 

3.6 kg t o  only 0.0154 weight 
percent  of  t h e  t o t a l  

Total :  106.36 kg s a l t c r e t e  product ion 
between 5/15/87 and 
5/7/88. Th i s  extremely 
conse rva t ive  e s t ima te  i s  
we1 1 under t h e  NTS 1 i m i  t 
o f  1 weight percent .  

Not Applicable S a l t c r e t e  does not  meet 
any of t h e  gu ide l ines  t o  
be i d e n t i f i e d  a s  a GCO: 
waste. - 

Not Appl icable S a l t c r e t e  i s  not  a b u l k  
LLW. 

4 .  Additional Hixed Waste Form C r i t e r i a  

Tab1 e 9 re ferences  the  documents (procedures,  s p e c i f i c a t i o n s ,  
e t c . )  o r  t e s t / a n a l y s i s  r e s u l t s  t h a t  spec i fy  compliance t o  t h e  
Additional Mixed Waste Form C r i t e r i a  out1 ined i n  Sec t ion  2.2.2 
of NVO-325. 

Table 9 
Reference Documents/Results Out1 in ing  Compliance 

t o  t h e  Additional Hixed Waste Form C r i t e r i a  

C r i t e r i o n  
Trea ted  Waste 

Compl i  ance 
Documents o r  Resul ts  Comments 

Not Applicable S a l t c r e t e  i s  a t r e a t e d  
waste t h a t  meets the land 
d isposa l  r e s t r i c t i o n s  and 

APPLICATION TO ZHIP UASTE Page 21 
SALTCRETE August 1989 



ATTACHMENT 4 

Wesringhouse 
Savannah Rlver Company 

February 28. 1996 

Response Required: N/A 
Kev Words: TRU Waste ~ -- 
~ & r d  Retention: Permanent 

Jim Teak 
Advanced Sciences. Incorporated 
6739 Academy Road, N. E. 
Albuquerque, New Mexico 87106-3345 

Dcar Mr. Teak: 

N W 
RESPONSE TO THE TWBlR MEETING MINLTES REGARDING CHELATING 
AGENTS A h V  CONCRETE STABlLIZATIOS fu 

The Savannah River Site (SRS) h a  feviewed its waste practices to determine whmer chelating 
agents are preseru in reaievabiy stored TRU waste. SRS also has reviewed these practices to 
detennine whethex concrete has been used to solicSylstabilize TRU wasre. These reviews 
revealed that SRS TRU waste steams do not currently contain chelating agenwcomplexants 
nor has SRS used conaete to solidifylstabilize TRU waste. 

The Separations processes and me anaIyricaVresearch laboratories at SRS have used M a t i n g  
agents in rhe separation of plutonium from icradiared uranium and other materials. For 
example, tri-bufyl phosphate W P )  is the complexing agenr u s 9  in SRS's PUREX process 
and many other laboratory processes. Also. agents such as tri-octyl phosphine oxide (TOPO) 
and tri-iso octyiamine mOA) have been used or investigated through the years. However. 
none of these chelating agenWcomplexanrs has entered SRS TRU wasre. The complexants 
are dissolved in organic solvents for use as liqui&liquid extractants in drc separation process. 
These solvents are recycled until deplered and then discarded to SRS's solvent waste tanks i n  
the Waste Dispsal Facility. ?his means that SRS organic liquid sueams haw not enrered thc 
production lines (e.g.. HE and FB-Lines) where most of SRS TRU wasre is generated. 
Funher. a small amount of liquid TBP containing TRU nuclides is generated by SRS 
laboratories. This laboratory wane is discarded to liquid wasu: sucams. which are eventually 
disposed in SRS's High Level Waste Tanks. So. none of thesc liquid streams that contain 
complexants have enwed SRS solid TRU wale swims. 

SRS has not used concrete lo solidify/srabilize TRU waste. The processes rhat generate 
slurries, wtuch require scabilizatioo, do not conlain TRU radionuclides (e.g.. plating of 
depleted uranium). For orher processes Lhar generate slurries, Ihc waste is disposed in SRSs 
High Level Waste Tanks. Even the Low Level Waste (L1.W) sludge gcncratcd by SRS's 
Effluen~ Trezment Facilny ( E m  is dispscd in me iiigh Lcvel Wastc Tanks md 1s eventually i '" 



- 
Tcd ro SRS's Saltitone Faciliry or ~c Defense Waslr ifocessing Facility (DWPF). finlily, SRS 
docs not expect ro gcncralc TRU waste containing cllclating agents nor anticipate using 
concrcrc to solidify/sl;lbilizc TRU w m c  in Lhe near-iuturc. 

Please direct your questions lo I. Williams (803) 551-6759 

Joseph A. D'Amelio u 7XU Engineering Managcr 

cc: A. Gibbs, 724-21E 
W. T. Goldson. 705-3C 
F. H. G ~ e l s ,  705-3C 
S. J. Mac!mull, 703-A 
S. J. Menirup, 724-21E 
D. Ormond, 703-A 
L. Williams, 705-3C 
Rccords Management. 705-3C 
SWE Files. 705-3C 



A T T A C H M E N T  5 

To: L C. Smchsr. SNL JMUUW 25,lQW 

Thm: Shells Lon, CTAC 
a kc. 

from: F. M Ccony and M. R icenu. Hlniord sna 

R~lomcar. 1) Memorsndum. R u n  Blsphg. OOElCAO :o Distribvticn. same sutjed, dsbd 
Jnnuary 5.1QW. 

)rrMatd n n  pwld. cmplrte IWTIRSU naaded. In rome usus. Um =ndRmt k Wod more 
lha - beaure lh4 amaituont Is b d e d  biBmrifiv in th. WnWnatrPckIm e. A 

P l u a  .vtlud. the Ust ofeoorllbrw, rid tndkt., b! Lhe space pmvld&) for O K k  codtuen l  
I the mns%Ruem Lr a wlubl8 o r p ~ i c  %and. The nrggsrte4 ncmenc!r(um b the fcllowlng: 







I7 ASS 



U K ~ L  ~NUIHUNWENTAL RS50C 505 020 1342 P.26125 
, , , . . . . < 

A T T A C H M E N T  6 

Lawrence Livermore National Laboratory 
W A S E  CERTIFICATION P R O G U M  

WCP96-055 

March 7,1996 

Jim ~ e a k  
Advanced Sciences Incorporated 
6739 Academy Road NE 
Albuquerque, NM 87109 

Dear Jim, 

This is in respanxt to the CAO request concerning thc presence of organic 
ligmds (chelating agents) in TRU waste. I have consulted with roe Magana, a 
chemist working in LLNL's Plutonium Faciliv. H e  tells mc that there are no 
chelating a p t s  in LLNL's TRU waste. 

Kern Hainebach, Ph. D. 
Waste Certification Engineer 
Environmental Protection Department 

KH:lh 
c Robert Fichcr 



DREZ ENUIRONf7ENTRL RSSOC 505 828 1342 P.E1/2E 

u-% 

DEA FAX COVER SHEET 
DATE: March 20, 1996 

TO: COMPANY FAX NO. CON.FlRMATlON NO. 

RUSS BlSPlNG CAO 505-887-0707 505-234-7446 

MARGARET CHU SNLiNM 505848-051 8 505-848-0778 

JOE HARVILL ASIICTAC 505-887-5494 505-8854218 

LARRY SANCHEZ SNUNM 
(GIVE TO JIM NOWAK) 

LENNY STORZ SNUNM 505-848-0881 505-848-0877 

SHEILA LOTT ASllCTAC 505-823-6830 505-823-6873 

FROM: PAUL DREZ PAGES TO FOLLOW: 25 

SUBJECTIPROJECT: FINAL PRELIMINARY COMPLFXING AGENT MEMO 
--5. 

COMMENTS: 

THESE ARE THE FINAL NUMBERS FOR THE COMPLEXING AGENTS. SNUNM SHOULD 
USE THESE NUMBERS IN THEIR CALCULATIONS. f HE ONLY NUMBER THAT HAS 
CHANGED SINCE THE MARCH 13,1996 REVISED MEMO IS THE TRIBUTYL 
PHOSPHATE (INCLUDES ESTIMATE FROM HANFORD). I AM SENDING THlS MEMO TO 
ALL TRU WASTE SITES THAT CONTRIBUTED DATA FOR THEIR REVIEW (A SEPARATE 
FAX SHEET). COMMENTS ARE DUE BACK COB THlS FRIDAY FROM EVERYONE TO 
ME. THlS REVIEW BY THE TRU WASTE SITES WAS PART OF THE AGREEMENT OF 
PROVIDING DATA TO THE BIR TEAM. ONLY DOE CAN ISSUE A "FINAL" MEMO 
AFER RESOLUTION OF COMMENTS WITH THE TRU WASTE SITES. 

PAUL 

P.S. AlTACHMENT 3 HAS BEEN INCLUDED WITH ONLY A F E W  PERTINENT PAGES 
TO CUT DOWN ON THE FAXING OF PAPER!!!!!! 

If you do not receive all pages, please call: 

Paul Drez 
Drez Environmental Associates 
881 6 Cherry Hills Rd., NE 
Albuquerque, NM 871 1 1 
Phone: 1505) 828-9857 FAX: (505) 828-1 342 
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date: March 27, 1996 
\ 

Sandia National Laboratories 

Albuquerqur!, New Mexico 87185- 

Subiect: Dissolved ligand concentrations 

Ligand concentrations (acetate, citrate, oxalate, and EDTA) in the inundated 
repository were calculated from the "final preliminary" memo of Paul Drez t3 
Joe Hamill of March 20, 1996 (scaled by a scaling factor of 2.05 as per BIR 
Rev. 2 Page 3-1) and the brine volume equal to 75% of the total repository area 
-- 29,841 m3 -- as per the memo from Kurt Larsen to Vann Bynum of Marct 
13, 1996. The table below summarizes the calculation: 

Inentory IRepos~tor ~Molanty ;inentory : 
grams ig/L x 2.05 

The numbers in the second column -- "Repository giL" -- were obtained by 
dividing the numbers in the first column by 29.841 x lo6 liters. The rnoiarities 
were obtained by dividing the numbers in the second column by the appropriate 
molecular weight. 

cc: 

E. J. Now& 

R. V. Bynum 

C. C. Crafts 

J. T. Holmes 

h4. S. Y. Chu 

M. Siegel - 
.S WCF-A: WBS 1.1.10.1.1:AST:NonQA: Actinide source 
~erm:chelators:ligands, . .  

Exceprional Seiwce in rhe Narronal inreres: 
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h 

memorandum Carlsbad Area Office 
Carlsbad, New Mexico 88221 

,,,,: April 4, 1996 

REPLY TO 

AnNOF: CAO:NTP:DW:96-1126 

SUBJECT: 
Estimate of Cement Content in TRU Solidified Waste Forms Scheduled for Disposal in 
WIPP 

TO: 

Les Shephard, Director, SNL 

Attached is a summary of the best estimate of portland cement in stored and projected 
volumes of solidified waste streams listed in Revision 2 of the Transuranic (TRU) Waste 
Baseline Inventory Report (TWBIR). This information was requested from the TWBIR 
team in support of the Performance Assessment team. 

These values have been scaled (similar to the methodology used for waste material 
parameters in the TWBIR) to the full volume of the Waste Isolation Pilot Plant (WIPP) 
repository. The total estimated weight of portland cement in these scaled solidified waste - forms is 8.54Ei-06 kg. Dividing this value by 6.2Ef06 ft3 (-175.600 m3), the maximum 
capacity of WIPP, yields a portland cement density in the overall combined contact- 
handled (CH) and remote-handled (RH) transuranic (TRU) waste of 48.6 kg/m3. The 
portland cement reported is both reacted and unreacted cement in the waste. There are no 
data available to estimate the percentage of reacted versus unreacted cement. 

The basic methodology was to performa son of the Revision 2 database that supports the 
TWBIR for all Solidified Inorganic and Solidified Organic waste streams. This sort 
resulted in 221 waste streams. Some waste streams were eliminated from further 
consideration for the following reasons: 

Data about most Rocky Flats waste streams (both residue and n o ~ e s i d u e  waste 
streams) are for waste in current form only and not in final form. The item 
description code (IDC) for many particulate waste streams will change to final form 
because the waste is in a cemented final form. A total of 91 current-form RF TRU 
waste streams were eliminated because of this constraint, (the final form of these 
waste streams, however, is included in the portland cement estimate.) 

The Solidified Inorganic waste streams listed from Savannah River Site are all 
vitrified and therefore do not contain any portland cement. A total of 20 waste 
streams were eliminated because of this constraint. 



Les Shephard 3 

If you have any questions concerning the attached information, please contact Mr. Russ 
Bisping of my staff at (505) 234-7446. 

Manager 
National TRU Program 

Attachment 

cc wlattachment: 
M. McFadden, CAO 
K. Hunter, CAO 
R. Bisping, CAO 
P. Drez, CTAC 

1. Harvill, CTAC 
L. Sanchez, SNL 
M. Chu, SNL 
M. Marietta, SNL 



At the bottom of Table 1 the total kilograms of portland cement is summarized for CH-TRU and RH-TRU waste for both stored 
plus projected waste (in "Total kg" column) and projected only waste (in "Projected kg" column). The TOTAL SCALED portland 
cement is calculated as follows: 

CH-TRU "Total kg" + 2.05 * CH-TRU "Projected kg" + RH-TRU "Total Kg" = TOTAL SCALED kg of portland cement, or 

5.28E+06 + 2.05(1.34E+06) + 5.05E+05 = 8.54E+06 kg portland cement 

The total density of portland cement is calculated as follows: 

8.54E+06 kg/175,600 m3 = 48.6 kg1 my portland cement 

Attachment I o f  4 



Table 1 .  Estimate of Portland Cement in TRU Waste for Disposal in the WIPP 



1 ) 
1 able I .  Estimate of Portland Cement in I'RU Waste for Disposal in the WIPP 

I 1d I I I I I I I 
,tal Cetnrnt cquols Rorcd + Projected plus 2.05 rimes Projected for CH TRU 

I 
- \TOTAL SCALED 1 854253 1.0671kg 

Ll!la_~tnrcd-i Projected lor RH-TRU 1 j a 1 I I I 
... .. . f t'.\ 

Attachment 3 of 4 



Table I .  Estimate of Portland Cement in TRU Waste for Disposal in the WIPP 

3) Assume RF-MTOB06 1; -. ~- 

Attachment 4 of 4 
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. .  ",,, 

CTAC MEMORANDUM 
.- 'Chi 

Q,, 
To: File /. i 

From: Paul E. Drez, CTAC P& 

Subject: Preliminary Estimate for SNLMM Performance Assessment Calculations of 
Nitrate, Sulfate, and Phosphate Content in Transuranic Solidified Wastes 
Destine for Disposal in WIPP 

Date: January 26, 1996 

SUMMARY 

The density and mass of nitrate and sulfate in transuanic (TRU) waste destine for transport to 
and disposal in the Waste Isolation Pilot Plant (WIPP) has been estimated based on data from 
the TRU waste generatoristorage sites. The average density scaled over the entire WIPP 
disposal inventory is 9.24 kg/m3 for nitrate and 3.60 kg/m3 for sulfate, and the total mass 
scaled over the entire WIPP disposal inventory is 1.62E+06 kg for nitrate and 6.33E+05 kg 
for sulfate. These densities and masses are for combined CH and RH TRU waste inventories. 
No value for phosphate has been proposed due to the lack of sufficient information. Trace 
quantities of inorganic phosphate might be expected in some of the sludges and solidification 

-. 
agents, but no supporting analytical data is available. 

- 
INTRODUCTION 

Sandia National LaboratoriesDlew Mexico ( S N L M )  has requested an estimate of the 
amount of nitrate, sulfate, and phosphate expected to be in the transuranic (TRU) inventory 
destined for transport to and disposal in the Waste Isolation Pilot Plant (WIPP)(Appendix B; 
DOE, 19.95) The remainder of this memo describes the methodology and data used in orde~ 
to calculate these preliminary estimates. 

ASSUMPTIONS 

This PRELIMINARY ESTIMATE is made based on the following assumptions: 

Values presented are those expected for final waste forms to be disposed of in the 
WIPP. 

Information has been requested fiom sites based on solidified inorganic and solidifi 
organic waste forms only, and is the best available data from the TRU waste 
generatorktorage sites: 

- The main source of nitrate is anticipated to be from the solidified inorganic 



waste forms, which in most cases, are sludges produced from the neutralization/ - 
solidification of nitric acid-based solutions used at the TRU waste 
generatorlstorage sites. Nitrates are very soluble in aqueous solutions and 
generally do not produce precipitates in the sludges. The nitrates are generally 
thought to be present as ions sorbed on precipitates or as interstitial solution 
trapped in the precipitated sludges prior to solidification. 

Minor amounts of nitrate, as evaporites, are anticipated in the debris waste 
forms that will be acceptable for WIPP disposal, but insufficient data is 
available to make any such estimates in the TRU waste at this time. 

The main sources of sulfates are anticipated to be: 1) chemicals (e.g. iron 
sulfates) added to the inorganic solutions at the time of flocculation and 
precipitation of sludges and 2) the use of Envirostone [a gypsum (CaSO,) based 
solidification material] for solidification of inorganic andfor organic solutions/ 
sludges at some TRU waste generatorlstorage sites. 

- No quantifiable sources of phosphate have been identified in the inorganic 
solid5ed final waste forms at present. Trace quantities might be expected in 

--some of the sludges and solidification agents, but no supporting analytical data 
is available. The quantities of inorganic phosphate are anticipated to be low in 
inorganic sludges based on process histories at TRU waste sites. 

Analytical data -~ in Attachment . .  2 provides only "less than 0.0025" weight 
percent values for phosphate, which are similar to the 0.001 weight percent 
estimate provided by LANL in Attachment 1. These values are too low to 
make any reliable estimate of phosphate in TRU waste, but indicate that the 
quantities will be very small, compared with the nitrate and sulfate values 
reported. The "40%" value reported on page A2-7 is an analytical error based 

.. - on.process knowledge and the lack of cations to support such a large value of 
phosphate in that particular analysis. 

GENERAL VOLUME CALCULATIONS 

The amount of nitrate is estimated on the basis of the volumes of Solidified Inorganics, which 
are calculated as explained below: 

Table 1 lists (in Column 2) the final waste form volumes of Solidified Inorganics for 
Contact-Handled (CH) TRU and Remote Handled (RH) TRU from Figures 3-9 and 3- 
16 of Revision 2 of the TWBIR (DOE, 1995) for the anticipated WIPP inventory 
(stored plus projected volumes until 2022). 



. Footnotes in Columns 3 and 4 indicate why certain volumes of waste have been 
IC- eliminated from further consideration in the calculations: 

- Footnote 1 eliminates those volumes of chemically precipitated solidified 
inorganics for which no nitrate estimates in the waste are available. An 
estimate of the nitrate contribution from these solidified inorganics will be 
accounted for in the scaling process. 

- Footnote 2 eliminates the volume of Solidified Inorganics from SRS from 
further consideration because it is a "vitrified" waste form which should not 
contain any significant amount of nitrates due to the thermal treatment 
proposed for that waste form. 

- Footnote 3 eliminates from further consideration those volumes of Solidified 
Inorganics which represent non-precipitated particulates (e.g., incinerator ash, 
graphite fines, etc.) which have been cemented to meet the WIPP WAC; 
nitrates are not expected to be present in these particulates. 

. Rocky Flats Environmental Technology Site (WETS) and Los Alamos National 
Laboratory (LANL) have provided analytical datalestimates for nitrate in Solidified 
Inorganics. The WETS data has been used also for the WETS waste stored at INEL. 

-- 
To determine the amount of solidified wastes that need to be considered for calculating 
the sulfate content of the WIPP inventory (Table 2), the volume of Solidified Organics 
must be added to the volume of Solidified Inorganics from Table 1: 

The Solidified Organics from Figures 3-10 and 3-17 of Revision 2 of the 
TWBIR (DOE, 1995) have been added to Table 1 (above) to produce Table 2 

- LANL has used an Envirostone (gypsum-based) process for solidification of 
inorganic sludges in the past (approximately 9% of 4888 m3 in storage at 
LANL) but plan to eliminate the process in the future and only use portland- 

, _-- *. 
based cement for solidification (as was used in the past prior to usage of the \ - 
Envirostone) 

- Since the mid 198OYs, RFETS has used an Envuostone'solidification process ',.: 

for their organic sludges. Therefore, some of their wisie'iri'storage and 
projected contain large amounts of sulfate, as well as some Solidified Organics 

. , 

in storage at INEL. ,: 

. . .  

- LLNL is the only other TRU waste siteknown to be using'~riviiost&e for the 
solidification of organic liquidslsludges (approximately 7 m3 storedlprojected). 



NITRATE MASS CALCULATIONS 
-. 

Table 3 contains in Column 1 a list of those waste streams that contain the volume of waste 
from each TRU waste generatoristorage site listed in Column 4 of Table 1. The additional 
data provided are: 

Column 2 lists the Item Description Codes (IDCs) for waste streams produced at 
RFETS andor stored at MEL. The RF111 designation is for Content Code 11 1 from 
WETS, where the IDC is not specified. 

Column 3 lists the stored + projected volume for each waste stream. 

. Column 4 lists the sum of the waste mater~al parameters (WMP) for each waste stream 
fkom the individual Waste Stream Profiles in Revision 2 of the TWBIR. Exceptions to 
this rule are listed in footnotes in Table 3. 

i 
. . ' ,  7 

Column 5 lists the mass of the waste for each waste stream which is the product of 
multiplying Columns 3 and 4. 

-- Column 6 lists the values of nitrate used for each waste stream. The sources of the 
these values are: 

- For WETS, the nitrate values are from Appendix I of Revision 2 of the - 
TWBIR. The 8% values for IDC 001 has also been applied to IDCs 002 and 
007 at both RFETS and NEL. Ail these IDCs represent "older" methods of 
solidification where the sludges contain portland cement mainly as a sorbent 
interlayered with sludge which did not contain diatomaceous earth (see 
Clements, 1982 for drawings). 

The 4% value listed in Appendix I of the TWBIR for IDC 807 represents a 
"newer" method of solidification where diatomaceous earth is used as a vacuum 
filtration agent and portland cement is mixed with the resulting sludge to form 
a "monolithic" solidified f d  waste form. The dilution with diatomaceous 
earth and additional portland cement lowers the overall nitrate value of the fmal 
waste form. 

- For waste stream IN-W315.601, Clements (1982) indicates that the waste 
stream is made up of approximately 60% NaN03 and 30% KN03 (assumed 
weight percents). This calculates as 62% nitrate. 

- Attachment 1 represents a memo from LANL that provides estimates for 
nitrates in the waste streams. Note that the Envirostone process only accounts 
for a small percentage of stored volume for 3 of the waste streams. The values 
quoted in Column 6 are based on the small percentage of Envirostone 



solidification agent in the overall waste streams. 

Column 7 represents the mass of nitrates in kg which is the product of multiplying 
Columns 5 and 6. 

SULFATE MASS CALCULATIONS 

The sulfate calculations presents in Table 4 follow the same format as the nitrate calculations 
in Table 3. The origin of the values used for sulfate in the WETS, INEL, LLNL, and LANL 
waste streams are summarized below: 

- The 0.1 1% sulfate value is an average of the three analyses marked "7412 
Sludge" in Attachment 2 which are applied to IDCs 001 and 002, and at half 
that value for IDCs 800 and 803 (as explained in the nitrate section). 

- The sulfate value of 0.02% is derived from the Attachment 2 analysis marked 
"374 Waste Sludge - Dried Sludge". This value is used for IDC 007 and at 
half value for IDC 807. .. - . 

- The sulfate value (25.1%) for the Envirostone solidification of organic sludges 
(IDC 801) is derived from an average value in Attachment 3, which represents 
guidelines for mixing constituents together for IDC 801 and IDC 700 (at INEL _ - 
only in storage). 

LANL 

- The values for sulfate quoted in Column 7 are derived from data provided in 
Attachment 1. As with the nitrate calculations, the perteniige of waste in each 
waste stream solidified by Envirostone versus portland cement is used to 
calculated the overall sulfate value for each waste stream. 

. LLNL 

- No value for sulfate was requested from LLNL for their one Solidified Organic 
waste stream. The same value for Envirostone-solidified waste at WETS 
(25.1%) was assumed for the LLNL waste stream. 



SUMMARY CALCULATIONS 

Table 5 presents the summary calculations for determining the density (kg/m3) of nitrate and 
sulfate in the overall WIPP inventory and scaling of the density to take into account those 
chemically precipitated waste streams for which data was not available. SNL/NM should use 
the scaled densities for their calculations. The last column in Table 5 provides the estimated 
mass of nitrate and sulfate if the design capacity of WiPP for CH-TRU and RH-TRU are 
fully utilized based on the scaled densities for nitrate and sulfate. 

REFERENCES 

Clements, 1982, "Content Code Assessments for INEL Contact-Handled Stored Transuranic 
Wastes," WM-F1-82-02 1, Idaho Falls, Idaho. 

U. S. Department of Energy, 1995, "Transuranic Waste Baseline Inventory Report (Revision 
2)," DOEICAO-95-1121, Carlsbad, New Mexico. 
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M. Chu, SNLMM 
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M. Kearney, Weston/CTAC 
J. Harvill, ASIICTAC 
S. Chakraborti, SAIC 
P. Arnold, RFETS 
J. O'Leary, RFETS 
D. Christensen, LANL 
T. Clements, INEL 



TABLE 1. TRU VOLUMES FOR NITRATE CALCULATIONS 
(SOLIDIFIED INORGANICS ONLY) - 

TRU WASTE 
SITE 

AL (CH) 

LLNL (CH) 

CH TOTAL 

ORNL (RH) 

TOTAL VOLUME 
(STORED + 
PROJECTED) 

I 

0.42 

20.18 

14120.15 

- ~ 

ANL-E (RH) 

RH TOTAL 

Eliminates those volumes of chemically precipitated 
solidified inorganics for which no nitrate estimates in the 
waste are available. An estimate of the nitrate 
contribution from these solidified inorganics will be 
accounted for in the scaling process. 

1243.33 

TRU TOTAL 

-. - 
Eliminates the volume of Solidified Inorganics from SRS.from 
further consideration because it i s a  "~itrified*~ waste form 
which should not contain any significant amount'of nitrates 
due to the thermal treatment proposed for that waste-form; 

VOLUMES WITH 
NITRATE DATA OR 
WITH PARTICULATES 

(TO BE SCALED)' 

(TO BE SCALED)' 

13581.73 

(TO BE SCALED)' 1 (TO BE SCALED)' 
I INEL (RH) 65.27 

- -  - 
Eliminates from further consideration those volumes of 
Solidified Inorganics which represent non-precipitated 
particulates (e.g., incinerator ash, graphite fines, et6.) 
which have been cemented to meet the WIPP WAC and nitrates 
are not expected to be present in the particulates. 

VOLUMES OF 
SLUDGES WITH 
NITRATE DATA 

(TO BE SCALED)' 

(TO BE SCALED)' 

10750.49 

.~ - .- ~ ~ 

65.27 1 65.27 
~- -- - - - 

(TO BE SCALED)' 

65.27 

30.26 

1338.86 

.. ~- 

15459.01 

JANUARY 1996 

- ~~ ~ ~- 

(TO BE SCALED)' 

65.27 

13647.0 1 10815.76 



TABLE 2. TRU VOLUMES FOR SULFATE CALCULATIONS 

II~anford (CH) I Solidif. Inorg. 1 23.39 1 (TO BE SCALED) ' 

VOLUME WITH 
SULFATE DATA 

(m3) 

TRU WASTE SITE 

1 SRS (CH) 1 Solidif. Inorg. 1 1369.8 1 (TO BE SCALED)' 

ANL-E (CH) 

NTS (CH) 

))RFETS (CH) ( Solidif. Inorg. 1 1423.01 1 229.63 

FINAL WASTE 
FORM 

TOTAL VOLUME 
(m3) 

//Mound (CH) /solidif. Inorg. I 6.03 1 (T BE SCALED)' 

- - - - 

(TO BE SCALED) ' 
(TO BE SCALED) ' 

- - 

Solidif. Inorg. 

Solidif. Inorg. 

INEL (CH) 

i ~ m  (CHI 1 Solidif. Inorg. I 6922 -02 1 6922.02 

- 

5.20 

5.67 

I= (a). 1 Solidif. Inorg. 1 0.42 1 (TO BE SCALED)' 

Solidif. Inorg. 

11 LANL (CHI I Solidif. Org. 1 30.58 1 (TO BE SCALED) ' 

4344.44 

LLNL (CH) 

WETS (CH) 

Hanford (CH) 

3598.42 

11 CH TOTAL I I 15164.53 1 10868.93 

Solidif. Inorg. 

Solidif. Org. 

Solidif. Org. 

INEL (CH) 

ANL-E (CH) 

LLNL (CH) 

1INEL (RH) 1 Solidif. Inorg. 1 65.27 1 65.27 

20.18 

140.93 

76.13 

Solidif. 0rg;-- 

Solidif. Org. 

Solidif. Org. 

ORNL (RH) 

ANL-E (RH) Solidif. Inorg. 30.26 ( (TO BE SCALED)' 
INEL (RHI I Solidif. Ors. 3.56 1 (TO BE SCALED\' 

(TO BE SCALED) ' 
108.99 

(TO BE SCALED)' 

789.67 

0.21 

6.86 

Solidif. Inorg. 

1 No sulfate data available from these sites for any waste 
streams. 

2.55 

(TO BE SCALED)' 

6.86 

. - -  

JANUARY 1996 

1243.33 

. .. 

- 

(TO BE SCALED)' 

TRU TOTAL I 16506.95 10933.74 
. . 



TABLE 3. NITRATE CALCULATION 

IDCs 1 Volume lSum WMPl Mass Waste 1% Nitrate 1 Nitrate 
1 (m3) / (Wm3) 1 (kg) /(weight%) I (kg) 

I I I 

,C 

PE DREZ - NITRATE CALCULATION 

- 
- 

I I I I ! I 

INEL did not report waste material parameters for th~s waste stream. The value for this 
IDC at RFETS was assumed. 1 

-This waste stream was reported in Clements (I 983) to be 60% NaN03 and 30% KN03. 
The weight of the waste for this IDC was used from Clements (1983), since no value 
was quoted in Revision 2 of the TWBIR. 1 1 



TABLE 4. SULFATE CALCULATION 

Waste Stream 1 lDCs Waste I Volume ]Sum WMPl Mass Waste ( % Sulfate / Sulfate 
Form I (m3) / (kglm3) 1 (kg) ( (weight%) ( (kg) 

I I I I 

LL-WO19" 
JTOTAL LLNL 

FOTAL TRU 

PE DREZ - SULFATE CALCULATION 

I I I I I I I 
INEL did not report waste material parameters for this waste stream. The value for this IDC at 

8 I I I I I 

RFETS was asumed 1 1 

I I I I 

I 

Solidified Org 
I 

25.1 

" INEL did not report waste material parameters for this waste stream. The value for this IDC at 

6.86 
6.86 

10933.74 

- 461.46 
461.46 

342993.8 

- 

RFETS was asumed 
" Sulfate value for U N L  Solidified Organic waste o m  assumed to be same as for RFETS 

268 

Solidified Organics (IDC 801) I I 

1838.48 
1838.48 

I 

1 11364875.4 



1 
1 TABLE 5. NlTRATElSULl . . DENSITY CALCULATIONS 

I I I I I I I I 
Nitrate 10815.76) 11265484) 941245.91 1.19EtO51 7.91 [ 85.61 9.241 1.62E+06 

I I I I I I I I I 
I I I I I I I I 

Sulfate 10933.74) 113648751 342993.8) 1.19E+051 2.88] 80 1 3.601 
I I I I I I I I 

Constituent 

Footnotes 

PE DREZ - NITRATEISULFATUPHOSPHATE MEMO 

Anticipated 
Waste Volume 

m3 
(4) 

Mass 
Constituent 

kg 
(3) 

WlPP Average 
Density 

of Constituent 
kglm3 

(5) 

Volume 
Solidified Waste 

m3 
(1) 

Mass 
Solidified Waste 

kg 
(2) 

% Sludge Used 
In Calculations 

% 
(6) 

WlPP Average 
Scaled Density 
of Constituent 

kglm3 
(7) 

Total Mass of 
Consituent for WlPP 

Design Capacity 
kg 
(8) 



ATTACHMENT 1 

TELEPHONE CONFERENCE SUMMARY 

Parties: Paul Drez, DEA/CTAC 
Davis Christenson, LANL 

For Solidified Inorganics waste stream LA-T006; LA-W003; LA-W006; 
and LA-MOO2 assume the following composition for final waste 
f o m :  

Envirostone-based solidified waste forms: 

Nitrate 8.2% 
Sulfate 38.5% 
Phosphate 0.001% r : / .  , 

Portland Cement-based solidified waste forms: 

Nitrate 8.8% 
Sulfate 1.4% 
Phosphate 0.001% 

LA-MOO2 has only used portland cement; the other three have use 
portland cement until 1985 and then Envirostone: 

. . 
Stored Wasted Projected Waste 

WS# Portland Envirostone Portland Envirostone 



ATTACHMENT 2 

u 4 T i l H I C  4BSORPTION SPFCTROMETQV RESULTS 

C A 86512. PPUI W I  F E 61507. PPMl W! 
G A  < 53. PPII(YI K 6162. PP*t  Y I 
N A b55D1. P P ~ , I U I  s I 365q. P P M I W I -  

llDl 
W PLUTONTU!l C ~ E R I S T R Y  LABOQATCRY RFSULT S 

-- .- 

CL(-I O.lb Z(YI CC3=  0.36 f(YI 
F 1-1 57. PfV'lIY) HZ0 61.0 Z(Y) - NO3 4.2 tlwl P D I  < 0.0025 1 - 
5 O* 0.085 ZIYI 

- *+ SEYI-QUANT&T 1VE EllISSIOlr SPEC RESULTS 

lam- 
50903 - 

200~. 
100, 
SP. 

200000. 
sm. 
500. 

4DOQ. 
10. 

iooao . 
10000. 

50F. 
5 0. 

1000. 
500. 

100000. 
10dDO. 

100. 
509- 
50P.  

1000. 
50. 



ATTACHMENT 2 
051+ 72-0 1 L L B U R P T O R Y  S ~ X P L E  R E S U L T S  D A T E  C 4 1  1 0 1 8 0  

"QGF 2 
SAflPLE'ID 00-008395 -_ ------------------------------------------- ------- -- - -------- 

** R A D  IJCHENIST RY LABORdTURY RESULTS ( CFNTIWUED) 

P U  0.0000223 G I G  U t-0017 G I G  



ATTACHMENT 2 

LAflORdTORY SAFFLE RESULTS O U T €  0 4 1 1 0 1 8 0  
7412- S / * e  D A C E  1 

** LTJRIC ABSORPTION SPECTRCFETRY SESULTS 

** PLUlONIUM C4ENISTSY LLBOCATGRY RESULTS 

CLI-I 0.1s X ( Y ~  cca- 0.14 t t w 1  
F (-1 101. PPWlY) HZ0 55.0 Z I U I  
NO3 9.0 L C Y  I PC4 < 0.0025 Z ( U l  -. 
SO4 0.096 Z I Y )  

++ SEMI-QUANT4T I V E  EFISSION SPEC RESULTS 



ATTACHMENT 2 

++ R43IUCHERISfRY LABORATORY RESULTS 

0.00000546 G I G  
0.0000389 G I G  

LUTHORT ZED S IGNLTURE 



ATTACHMENT 2 

** AT311C LBSORPTION SPECTROMETRY RFSULTS 

121661. P P M i U I  F E +9286. 
53. PPM t U) n G mnt. 

1001 77. PP'!(Y) 5 1 2i7. 

** SE'II--0UANTiTIVE E ' I I S S I O N  SPEC RESULTS 

10000. 
100. 

Lorn. 
200000. 

500. 
5Dn. 

1000. 
10. 

COO50. 
100000. 

200. 
5@. 

1l300. 
100. 

50. 
1Q. 
50. 

500. 
sao. 

5. 
500. 



ATTACHMENT 2 

** Q L D I O C H E n I S T R Y  LPBCR?.TORY RESULTS 



ANALYTICAL REPOH I 

- - - - - - - . - . -. - . - - - -- - / . -- . - - . - .. . . . . . -. - . - - - . - . - --- - -- - - 
TO Account No. Date Lab. No. 

C .T. Heui r t 3 7 L  3 7  I 7-:&..81 K81-1 109 
r i l e  

Al~proved 
( ?, :. 7;; L&& ----------- 
A . K .  N i l l e r  

.... . - .. - . 
;ample DCscri~tion 

A c h a r a c t e r i z a t i o n  o f  the 374 w a s t e  s l u d g e  v a s  r e q u e s r e d .  The 
a n a l y s i s  of a c o m p o s i t e d  s a m p l e  is givcn. ~ l l  r e s u l t s  a r c  i n  2 -  

Fc' 0 . '1 
K 0 . 2 5  
N a 0 . 8  

C 13  
S 0 . 3 6  



April 4 ,  1988 

Albzrt E. Whiteman 
Area Manager 
GOE, RFAO 

ENG1t:EERING PARAMETERS FOR ROCKY FL 

. . 

WASTE FORMS 

This information i s  for  the  at tent ion of W. C. Rask. ' -. 

Attached a r e  t h e  engineering parameters sfor Rocky F la t s  waste forms 
t h a t  were requested in the l e t t e r  from J. B. Tollison t o  
d i s t r i b u t i o n ,  dated March 1 ,  1988. Information i s  included f o r - a l l  
t h i r t e e n  Rocky F la t s  waste forms, which wil l  be transported i n  the 
TRUPACT-I1 container.  

1 
I f  you have questions regarding the enclosed information, contact 
Jim Alexander a t  (303) 966-7585 or  Jef f  Paynter a t  (303) 966-5252. 
With your approval please forward t o  WE/AL. Waste Transportation. 

N G W - f i  . . .  
E. R. Haimon, Manager 
Waste Operations 
Rocky F l a t s  Plant  
Aerospace Operations 

Orig. and 3 c c  - A. E. Uhiteman 
Enc. 



WF- 
ATIACHMENT 3 c P9. -' ___________-___-_---------------------------------------------------- 

ENGINEERING PARANETERS FOR TRUPACT-I1 

Waste Stream - - TRU S O L I D I F I E D  ORGANIC WASTE (WF-112) 

For da ta  i n  Sec t ion  1, Secondary Container,  snd Sect ion 2 ,  
Arrangement of Secondary Containers, see the General Engineer ing 
Parameters. f o r  TRUPACT I I .  

3 WASTE MATERIAL INFORMATION: 

- 1 S t r u c t u r a l  : 

Z.1.1 Maxi mum and Minimum Weight - - 
Drums: 750 lb ma::. / 530 l b  avg. / 200 l b .  min. ( i n c l ud i ng  
t h e  weight  o f  t h e  drum) 

- . > . l . Z  Acceotabl e  P r o i e c t i  l e  E n v e l o ~ e  - - NA, s o l i d  mono l i t h  cas t  
i n  t h e  l i n e r  i n s i d e  the  drum. 

- 
A. 2 Thermal : 

3.2.1 Quanti t v  of Radionucl ides - - I-sotopic  Composition (Mix 
Group 9, TRUPACT-I I Spec. ) : 

I s o t o ~ e  F r a c t i o n  
Pu-238 TRACE . .. .- 

Pu-2J9 0.930 
Pu-240 0.058 
Pu-24 1 0.004 
Fu-242 TRACE 
Am-24 1 TRACE 
OTHER 0.007 

Max. r ad i onuc l i des  (Weapons Grade Pu) : 200 grams/drum 

Maximum decay heat  (Pu) : 0.4 watts/drum 
(Am) : 0. f watts/drum 

Tota l  : 0.7 watts/drum 

- .-5 
L . L . ~  Chemical Form - - min. ma;:. ave. - . -  

o i  1 s  10 % 30 % 
t r i c h l o r o e t h a n e  and 
t r i c h l o r o t r i f  luoroethane 5 % 10 % 
carbon t e t r a c h l o r i d e  2 % 5 % 
e m u l s i f i e r  ( a  po lye thy l  
g l  y co l  e s t e r )  5 % 10 % 
water 5  % 15 % 

gypsum cement 40 % 50 % 2Clr:l l b  
t o t a l  l i q u i d  (SZ ga l lons)  250 l b  

A3 - 2 
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Sandia National Laboratories 

- 
date: May 9, 1996 

to: Distribution 

rn&++?' 
from: Yifeng Wang (Org. 6748) 

subject: Evaluation of the Thermal Effect of MgO Hydration for the Long-Term WIPP 
Performance Assessment 

The hydration reaction of b a c K i  MgO with inflow brines can potentidy change 
repository temperatures, due to the exothermic nature of the reaction. This memorandum is 
to evaluate the thermal effect of MgO hydration on the long-term WTPP performance 
assessment. 

To simplify the problem, we assume that MgO hydration can be described by the 
overall reaction: 

MgO + Hz0 + Mg(0H)z . (1) 

and that the reaction rate is much higher than the brine inflow rate and, therefore, the 
reaction will be limited by brine inflow. Considering the dimensions of the repository, we - 
also assume that the heat released from the reaction will be dissipated away mainly from the 
ceiling and ground of the repository and the heat loss from the side walls is negligible. In 
addition, we assume that the hydration reaction will take place uniformly in a reaction 
region, which can be a panel or the whole repository. 

Based on these assumptions, the thermal effect of MgO hydration can be modeled by a 
simplified system shown in Figure 1. The temperature distribution (T) can be described by 
the following equations: 

where Cp is the heat capacity of surrounding rocks; p is the molar density of surrounding 
rocks; t is time; X is the spatial coordinate; k is the thermal conductivity of surrounding 
rocks; To is the background temperature; pw is the molar density of water; V is the brine 
inflow rate; AH is the enthalpy change in Reaction (1); S is the horizontal area of the 

-.-. reaction region. 

Exception01 S e e  in the Notional Interest 



Distribution May 9, 1996 

Figure 1. A modeling system for hydration heat production and heat conduction. 

The above equations can be solved for T with a Laplace-transformation method: 

The temperature increase in the repository (AT) is obtained by setting X = 0 in equation (6): 

Equation (7) shows that the repository temperature will increase with t until all MgO 
becomes hydrated. Therefore, the maximum temperature increase (AT-) in the repository 
can be calculated by 

Where M M ~ O  is the inventory of MgO in the reaction region. 

To be consistent with actinide solubility calculations, we assume that the reaction will 
occur uniformly in the whole repository, i.e., the reaction region shown in Figure 1 will 

5 2 extend to the whole repository. Then, S = 1.1~10 m and MMp = 2x10' moles. The other 
parameters are estimated as follows: - 



Distribution - 3 May 9, 1996 

maximum V = 1000 m31year (Joel Miller, personal communication); 

AH = 3 . 8 9 ~ 1 0 ~  Jlmole (Drever, 1982); 

p = 3.7~10' moles/m3 (Lide, 1994), assuming that the surrounding rocks can be 
represented by halite; 

C, = 50 J/mole/K (Lide, 1994). assuming that the surrounding rocks can be represented 
by halite; 

k = 6.3 W/m/K = 1 . 9 9 ~ 1 0 ~  JlyearImlK (Lide, 1994), assuming the surrounding rocks can 
be represented by halite. 

From these data, we estimate the maximum temperature increase in the repository due to 
MgO hydration to be 3.4 K. Therefore, the thermal effect of MgO hvdration can be 
neglieible. 

References: 

Drever J. I. (1982) The Geochemisby of Natural Water. Prentice-Hall. 
Lide D. R. (1994) Handbook of Chemistry and Physics. CRC Press. 

Distribution: 

MS 1320 J. Nowak (Org. 6831) 
MS 1320 R. V. Bynum (Org. 6831) 
MS 1328 C. T. Stockman (Org. 6749) 
MS 1335 M. S. Y. Chu (Org. 6801) 
MS 1341 C. C. Crafts (Org. 6748) 
MS 1341 J. T. Holmes (Org. 6748) 
MS 1341 B. M. Butcher (Org. 6748) 
MS 1341 L. H. Brush (Org. 6748) 
MS 1341 Y. Wang (Org. 6748) 
MS 1341 R. F. Weiner (Org. 675 1) 
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5 4 ,  

Sandia National Laboratories 

date : January 17, 1996 
to : T. Hicks, (Galson Science Ltd.) 

from : L. C. Sanchez, Org 6741, MS-1328 (505)848-0685 
H. R. Trellue, Org 6741. MS-1328 (505)848-0820 8 

subject : Estimation of Maximum RH-TRU Thermal Heat Load for WIPP 

[I] Requested Information 
In previous communications [Ref. Hi-11, a request was made for an estimate of the 
upper bound for the expected thermal payload (internal heat generation) of a RH- 
TRU canister. This information can then be used to estimate the maximum tem- 
permre rise in the immediate vicinity of a RH-TRU canister with the largest 
expected thermal payload. Calculations presented in this memo correspond to two 
major analysis steps: 1) inverse internal shielding calculations, to identify the 
corresponding thermal payload for maximum allowable surface dose; and 2) heat 
conduction calculations for thermal payloads based on limited empirical data. The 
analysis steps are discussed below. 

121 Inverse Internal Shielding Calculations 
These calculations yield first order "hand calculations" that are used to identify the 
radiation source term corresponding to the maximum allowable surface dose rate 
(1,000 renvltr) for RH-TRU canisters [Ref. LWA-I]. The shielding calculations 
were performed only for gamma radiation because betas and alphas would not 
penetrate the waste matrix andlor the RH canister in any appreciable quantities 
(note: the internal heat generation of betas and alphas are incorporated when con- 
verting gamma activities to total (alpha, beta, and gamma) internal activities). 
Neutrons are not included because the dose equivalent rate from neutrons is about 
three orders of magnitude less than that for the maximum total allowable surface 
dose rate (i.e., the allowed neutron dose rate is 270 m r e d r  max [Ref. DOE-51) 
and the corresponding neutron heating rate is insignificant. The computational 
steps used for gamma shielding are shown in Table 1. 



Table 1. Calculation Steps F o r  
Inverse Shielding Calculations 

Calculation 

For the identified dose equivalent rate (sometimes termed "biological 
dose" rate, formerly called "RBE dose" rate, or relative biological 
effectiveness, determine the corresponding absorbed dose rate for 
gamma-ray radiation. 

For the identified absorbed dose rate determine the corresponding 
exposure rate for gamma-ray radiation. 

Use the dose exposure rate equation for biological shielding to deter- 
mine the gamma flux corresponding to the maximum allowed surface 
dose rate. Note: here we want a method for determining the activity 
load internal to the RH-TRU canister, not a kerma calculation for 
determining the gamma heating rate, because that heating rate value 
could not be used to identify the energy deposited internally in the 
canister. 

Use the proper shielding equation with the point source isotropic 
exposure buildup factor for a self-shielding distributed source to iden- 
tify the corresponding internally distributed gamma source strength 
(gamma activity). 

Determine the total internal source strength (activity) from the gamma 
source strength. 

Determine the total heat payload corresponding to the total internal 
source strength. 

Step 1 requires use of Equation 1 [Ref. La-I], which incorporates the "quality fac- 
tor" (see Table 2) which is a factor that takes into account the fact that equal 
absorbed doses of radiation of different qualities have, in general, different biologi- 
cal effects. 

Likewise, Equation 2 [La-lb] relates the absorbed dose rate to the exposure rate 
through the parameter f (see Figure 1) and Equation 3 [La-lc], which describes 
the biological shielding (shielding to reduce radiation exposure to persons in the 
vicinity of radiation sources), relates the exposure rate to the gamma-ray flux den- 
sity. 

x = C, 4 . rewrinen ac : 4 = x/cd [31 



where: 

H = dose equivalent rare [remhr] 

D = absorbed dose rate [rad/hr] 

Q = qlurlity factor [ r e m h d ]  

X = exposure rare [R/hr] 

f = exposure to absorbed dose conversion ratio [r&] 

[Ref. La-1 b] 

@ = gamma -ray flux density [y/cm '-8 ] 

Cd = f lux-to -dose conversion factor [(cm2-sec/y)x(~hr)] 

= 0.0659E-03 E, (P,J~)~"  [Ref. La-lc] [3cI 

E ,  = gamma-ray energy [MeV] 

@,Jp)'" = mass energy-absorption coefficient for air [cmz/g] 

Table 2. Quality Factors for Various 
Types of Radiation * 

I Type o f  Radiation H 
x-rays and 'prays 

prays, E,, > 0.03 MeV 
P-rays, E,, c 0.03 MeV 

Naturally occurring a-panicles 
Heavy recoil nuclei 

Neutrons; 
Thermal to lkeV 

lOkeV 
l00keV 
500keV 

1 MeV 
2.5MeV 
SMeV 
7MeV 
loMeV 
14MeV 
2OMeV 

Energy not specified 
I1 

* Taken from Lamarsh [Ref. La-Id], based on NCRP rcpon 39 [Ref. Nc-11. 
; Recommended in ICRP publication 9 [Ref. Ic-I]. 



E. M e V  

Figure 1 Parameter f as function of y-ray energy. 
(Taken from Ref. La-lb, ori,hally from Mo-I.) 

The mass energy-absorption coefficients u p )  for air and tissue for various gamma-ray 
energies are shown in Table 3. Performing Steps 1, 2 and 3 of Table 1 with the use of 
Equations 1. 2 and 3 yields Equation 4, which idenrifia the maximum allowable RH-TRU 
canister surface gamma flux density for a given maximum allowable surface dose 
(equivalent) rate. 



ll Table 3. Mass Energy-Absorption 
Coefficients for Air * II 

Gamma-ray Mass Energy-Absoq 
Energy [MeV] 

0.0233 
0.15 0.0251 
0.2 0.0268 
0.3 0.0288 

~tion Coefficient 

Tissue 

* Data from Ref La-If. 

are to be used for dose calculations. Thev are not 
11 attenuation coefficients which are used for shieldinr! 11 /I calculations. - /I 

If there is more than one radionuclide emitting gammas to be included in the gamma 
source term, then the total dose (equivalent) rate is composed of several components (see 
Equation 5) and, likewise. the gamma flux density will be composed of several com- 
ponents (not necessarily of the same gamma energy distribution). 

Now the gamma flux density due to gamma-ray attenuation is needed. The equations for a 
point source are Equations 6 and 7. 

Sew' 
$ = Q e-P' = - 

Y 0 t73 
4 n ~ '  

, :., , where: 

Q. = gamma-ray flux of an unshielded uncollided isotropic point source 

Q. = g n m - r a y  flux of a shielded uncollided isotropic point source 

S = source strength [yhec] 



R = distance from the point source [cm] 

t = shielding thickness [cm] 

p = linear amenuation coeficient for shield [Vcm] 

= mass attenuation coejjicie x mars density = ( V p )  x p [7bl 

Equation 6 corresponds to a bare isotropic point (gamma emitting) source and describes 
the direct-beam (uncollided) component of the unshielded source. Equation 7 includes the 
attenuation (the e' term) of an intervening absorbing material (+, corresponds only to 
the uncollided component of the gamma flux). Q, does not include, however. important 
effects due to: I) the Compton effect (scattering with loss of energy: this is very important 
since nondirect beams can be scattered to detector locations). 2) the photoelectric effect 
(producing x-rays), and 3) pair production (the incident photon in the vicinity of a nucleus 
produces a electron-positron pair and the annihilation of the positron with an electron gen- 
erates gamma-ray radiation). The importance of these effects can be identified from Fig- 
ures 2 and 3, which show qualitative effects on gamma energy spectra due to shielding 
material. 

Figure 2 Energy spectrum of incident gamma-ray beam. 
(Taken from Ref. La-lg.) 

Figure 3 Energy spectrum of gamma-rays emerging from shield. 
(Taken from Ref. La-lg.) 



The necessary correction factor for these effects is the gamma buildup factor,(Bp(p) tabu- 
lated in many references and for many cases yielding acceptable estimates for calculated 
gamma fluxes) for the gamma-ray transport. The addition of this term yields Equation 8. 

If more accurate gamma-ray transport calculations are needed, they should be performed 
with the Boltzmann transpofl equation which incorporates the complete treatment of the 
scattering component (this was not deemed necessary for fhis simple study). The time- 
independent transport theory (Boltzmann Equation) for photons is given by [Ref. Sc-lb]: 

where: 

r = gamma-ray posirion vecror 

E = gamma -ray energy 

R = solid angle 

4 = gamma-ray f l u  

p =probability rhar a panicle of energy E'  and direcrion R' scairers inro 

dE about E ~d d R  abour R 

S = source renn 

X i  = macroscopic cross secrion (i=t -3 roral, i=s -t scanering) 

= atom density x microscopic cross-section 

Equation 9 is a complex integral differential equation which has the extra dimensions of 
particle energy (E) and angular distribution (Q), thus a one dimensional steady-state prob- 
lem is actually a three dimensional problem. There are a significant number of available 
discrete ordinates and Monte Carlo codes for solving the Boltzmann equation, but this 
exua level of effort is not necessary for the problem at hand. 

Proceeding with the simple shielding expressions, Equation 8 represents the total (direct 
and scattered) component with an intervening absorbing and scattering shield for a point 
source. The buildup factor is a function of the shielding thickness and the gamma-ray 
linear attenuation coefficienL which is dependent on gamma energy. -Note; the buildup 
factors are problem specific; there is separate buildup factor for each source type - mono- 
directional beam, isotropic, etc. There are various buildup facton for different specific 
geometries, such as a point source, line source, etc., see Refs..&-I & Jaa: 'Since kal 
geometries correspond to distributed sources, it is n e c k &  to integrate the collective 
fluxes from multipoint sources that are used to represent a distributed gamma source. Thus 
Equation 8 (which is for a point source) is inte,pted over all point source strengths con- 
voluted with the attenuation kernel to yield Equation 10: . . /"""'; . , , 

. . 

r = vector to the measuring point 

; = vecror ro any source-bearing point in space 

sV(;) =source strength per unit volwne at ; 



This equation for the "extended source term" (integrated volumetric source term) has the 
exponential point attenuation kernel given by: 

The solution to Equation 10, for simple cases of uniformly distributed source geometries. 
is an exponential integral function [GI-11, whose general form is given by Equation [12]. - 

e-p Em (x) = xn-' - y d p  
x P 

Further description of the exponential point attenuation kernel can be found in Ref. GI-lb. 

For the problem at hand, the uncollided gamma flux at the source-shield interface (i.e., the 
interface between the RH-TRU waste mamx and the steel drum itself), from a right 
cylinder geometry, with a uniform source that is self-shielding. is given by Equation 13 
[Ref. Ja-I]. 

3 Sv = volumetric source term [y/cm -sl 

G = special exponential inregral function 

px = linear attenuation coeffrrient of RH-TRU w m e  matrix [Vcm] 

hx = half-heighr of the RH-TRU w m e  matrix = KH [cm] 

h ,  = height within RH-TRU ware  matrix [cm] 

h 2 = 2 h K - h l  [cm] 

a = radius of position under investigation [cm] 

R = radius of the RH-TRU warte matrix [cm] 

Evaluating Equation 13 at the waste matrixdrum interface (i.e., a =R, b4=b6=O) at 
center-plane (i.e., mid-height where h =h2=h x) yields Equation 14: 

The values for G (for right cylinders) can be estimated from the graphical representation 
shown in Figures 4a and 4b [la-I]. From these figures, it should be noted that for 
significant values for p,hK and 2psR that G(p,hx,2pxR) + 1.0. This results because 
p,h% and 2p,R are the mean free path (mfp) lengths (also called the relaxation lengths) in 
the azimuthal and radial directions; for cylindrical sources with significant thickness and 
radii, the source looks like an infinite source (semi-infinite space volume source). For large 
waste matrix dimensions @,hw 23, 2psR 23). the surface flux can be approximated by: 



Figure 4 The function G @,h ,b) for  G=O to 1; (taken from la-1, 
originally from Ro-1). a) G vs. p,h for p,h = 0 to  3.5, b= 0.1 to -; 
b) G vs. b for p,h = 0.1 to -, b = 0, to 7. 

To calculate the azimuthal and radial mean free path len,@s requires the dimensions of the 
waste matrix within the RH-TRU canister. From Figure 5 wef. DOE-I] it can be identified 
that the inside dimensions of the RH-TRU canister is 25.5 in. for the diameter (not shown 
in Figure 5 is the thickness of the RH-TRU canister, which 0.25 in.), and a corresponding 
height slightly less that 120.5 in. In Ref. BIR-If, the usable internal volume has been 
identified to be 0.89 cum.; thus, the active internal height can be calculated to be 270.12 
cm. The 0.89 cum. volume, however, is inconsistent with the Ref. DOE-lb, which indi- 
cates that the RH-TRU canisters are to internally incorporate three standard (DOT-7C) 
CH-TRU waste drums (55-gal nominal volume), resulting in a waste matrix payload of 
0.625 cum. for the RH-TRU canister. This inconsistency arises because there arc aha l ly  
two options for loading RH-TRU canisters: OPTION A - place RH-TRU waste directly .in. : . . . 

the canisters (corresponding to a waste loading volume of 0.89 cum.) and OPTION B - 
place RH-TRU waste directly into three 55-gallon DOT-7C drums. which would then in 
turn be placed into the RH-TRU canister (corresponding to a waste loading of 
3x0.2082=0.6246 cum.) (see Ref. S a 4  for more discussion). For OPTION B calculations, 
the drum dimension of a DOT-6M (the 6M uses a DOT 6C or 17C 55-gal metal outer 
drum, see Figures 6 and 7) were used because they were readily available in a previous 
report [Sa-I], and should be similar to DOT 7C specs. The internal waste matrix radius is 
28.58 cm. and the internal individual dmm height is 84.46 cm. Since the RH-TRU canis- 
ter container contains three CH-TRU drums, the total internal waste mamx height is 
253.38 cm. with a corresponding half-height (which is the parameter used in Equation 14) 
of 126.69 cm. Using 1) the waste matrix dimensions, 2) Equation 7b. and 3) a mass 



attenuation coefficient of 0.0595 crn5/g (from Table 4 it can be seen that for gammas with 
energy of 1.0 MeV or less, that the mass attenuation coefficients are 0.0595 or greater, the 
0.0595 number is used because it gives a conservative result for the final solution for the 
internal source term), a rough approximation for G ( j ~ ~ h ~ , 2 p ~ R )  can be approximated by 
Equation 16 (obtained by using singular value decomposition (SVD) [Ref. Sa-21, based on 
graphical data displayed in Figures 4a and 4b; note that there are noticeable errors in Fig- 
ures 4a and 4b): 

if sp.gr. > 2 (good for 0.1% accuracy) 1161 
+,57.8r.+cfl.gr.') 

G ( P . ~ ~ E , ~ C L ~ R )  = if 2 2 sp.gr.2 0 (good for 4% accuracy/OPTION A )  
I, -e-(cr~.6""2~.w? if 2 2 sp.gr.2 0 (good for 4% accuracy/OPTION B) 

where 

cl = 5.4079558E+00 cz = -9.7716046E-01 (for RH-TRU loading Option A) 

c3 = 4.804551 1E+00 ca = -6.7351092E-01 (for RH-TRU loading Option B )  

sp.gr. = the specific gravity of the RH-TRU waste marrix 

, 
Note: 
Drawing Not to Scale . 

These are nominal estimates which support the 
inventory assessment for comdiiIe merals. 

Figure 5 General dimensions of the RH-TRU canister 
(Taken from Ref. DOE-I .) 



Figure 6 Geometry of 6M Containers (Taken from Sa-I, original Ref. Ed-I). 

STEP. 

--- I --- 
I 
I 
I 
I 
I 1-10.3: 1 - -120, 

(DMENSWNS N M. NOT TO SCALD 

Figure 7 Schematic of the 55-Gallon 6M Container (taken from Sa-I). 



T a b l e  4. Mass Attenuation Coefficients * 

Gamma 
Enersy 

[MeV] Air 

II 

Mass Attenuation Coefficients, (pJp)' [cmVg] 
I 

Concrew Imn Calcium Silicon Aluminum Oxygcn 

0. 169 0.344 0.238 0.172 0.161 0.151 
0.107 0.106 0.109 0.107 0.103 0.107 
0.0870 0.0828 0.0876 0.0869 0.0840 0.0870 
0.0804 0.0762 0.0809 0.0802 0.0777 0.0806 
0.0706 0 . W  0.0708 0.0706 0.0683 0.0708 
0.0635 0.0595 0.0634 0.0635 0.0614 0.0636 
0.0517 0.0485 0.0518 0.0517 0.0500 0.05 18 
0.0445 0.0424 0.0451 0.0447 0.0423 0.0445 

* Data from Ref. Ra-1 (see Equation 7b for usage). 

Equation 14 should now be modified to include the gamma flux buildup. 
T h e  desired result is: 

SV [ ~ O & h x , 2 M ) ]  (Pb (CP ) = B;-" - 
2F3 

where 

B;-' = the buildup factor for rhe extended source 

We were not able to find a buildup factor for the extended source term. What is desired 
here is a buildup factor which has been properly integrated over the volumetric geomeVy 
of interest. As a first order approximation, a value of 1.31 was selected. From Table 5 it 
can be seen that this point source value was the minimum, hence conservative, of the 
values shown for gammas of energy of about 1.0 MeV. Equation 17 is only for the 
gamma flux at the waste matrix-drum interface. The buildup flux (uncollided plus col- 
lided) at the outer surface of the drum and RH-TRU canister can be estimated by using the 
expression for added linear shielding to a semi-infinite volume source term (see Ref. Ja- 
lb). Note; that this model does not include an inner liner for the RH-TRU canister, most 
likely made of polyethylene, which would have a linear attenuation coefficient (see Equa- 
tion 7) that is an order of magnitude smaller than that of the RH-TRU canister itself. 
Using Equation 8, this yields Equation 18. 

where: 

pa.*,, = linear anenuarion coeficienr of RH canister and inner drum [Vcm] 

rmnirII, = combined thickness of RH canister and inner drum [cm] 

E2 = erponenrial inregral function 



.- 

Table 5. Dose Buildup Factors for a Point Isotropic Source (a) 

Gamma 
Material Energy 

WaIm 

Aluminum 

2.0 

Iron 0.5 

l a  
2.0 

I/ Ti" 

I1 

0.5 

Tungsten 

-C_ 

2.0 

Uranium 

1.0 

2.0 

/ (  (a) Data from Ref. ~a-1;. 

Relaxation Lengths, p (b) 11 

11 (b) p u. mass anenuauon coeffinent [cm2/g] X shield thickness [cm] X shield density [g/cm31. # 

Since the combined thickness of the metal drum (if OFTION B loading is used) and the 
RH-TRU canister is small, the gammas will be transported through less than one mean free 
path lengdt; hence a conservative step is to set BPWe to unity. The solution for E2(b) is 
shown in Egure 8. A mugh approximation for E l @ )  + be given by Quation 19 (the fit 
for b values greater than 14 was based on data in Ref. Ab-l and the fit for b values less 
than 14 (obtained by using singular value decomposition (SVD, Ref Sa-2)) was based on 
data in Ref. Ja-lb): 

if b > 14 (good for 1 % accuracy) 

if 14 2 b 2  1 (good for 7% accuracy) [191 
+,*,)*,,b2+c,#') if 1 2 b 2  0 (good for 3% accuracy) 



where 

cs = 5.5565607E-01 cg = 1.7837543E-02 

cg = 1.4190903E+00 c lo  = 3.0105850Ef00 

c ,  = -3.3941944E-02 ell = -2.0438538Em 

cs  = 1.1209473E-03 c l z  = 9.3175783E-01 

Reformalizing Equation 18 to solve for Sv yields: 

Figure 8 Solution for E,. (Taken from Ja-lb.) 

Assigning the maximum surface gamma flux density (from Equation 4 )  to Qb nows gives 
us our final solution: 

The key information that is needed to use Equation 21 is the linear attenuation coefficient 
for the RH-TRU waste mamx and the geomenic dimensions for the RH-TRU canister. 
Several mass attenuation coefficients are presented in Table 4. As can be seen from this 
table. the mass attenuation coefficient is fairly similar for a wide variety of materials. 
Since the linear attenuation coefficient is comprised of the product of the mass attenuation 



coefficient (not the mass energy-absorption coefficient) and the total mass density (see 
Equation 7b). Table 4 indicates that the driving component of the linear attenuation 
coefficient is the total mass density. For this study it was assumed that the gamma energy 
of interest is about 1.0 MeV. For this energy, the mass attenuation coefficient for most 
waste matrix materials would be expected to be on the order of 0.0595 [cmVg] (see Table 
4 for coefficients and note that the 0.0595 number corresponds to the minimum value of 
the various materials at 1.0 MeV). Also, as can be noted from Figures 5 and 7, the com- 
bined thickness of carbon steel (due to the drum wall and the RH-TRU canister wall) is 
0.15 + 0.6350 = 0.7850 cm (this is for OPTION B loading of RH-TRU waste, for 
OPTION A loading the combined thickness is 0.6350 cm.). With a specific gravity of 
7.86 for carbon steel [Ref. CRC-ld] for which pCrmir,crt,+,e, = 0.3671 mean free path 
lengths (this value is for OPTION B assuming (p'p)xrC" = 0.0595 cmyg - the value for 
OFTION A loading is 0.2970) we get a value of 0.4091296 for E20&&ntcMincMin) (this 
\,slue is for OPTION B -- the value for OPTION A loading is 0.46951977). Using the 
above information and the value of  mar). Equation 21b can be simplified to the form in 
Equation 22 which only depends upon the total specific gravity (or density) of the RH- 
TRU waste mamx and correctly indicates that the internal gamma source term increases 
with increasing waste matrix density. 

I 1.1196E48 
sp.gr.""(mar) (for RH-TRU loading Option A) 
GOlshxX12P,R) 

= 11.2849E48 Sp'gr.-e(mar) (for RH-TRU loading Option B) 
G & ~ K . ~ P ~ R )  

1 1:2849E48sp.gr. (mar) (if sp.gr.-* 2 2) Option B 

The above equations yields the total gamma source t a m  in units of (disintegration/sec); to 
convert this to curies. one must remember that 3.7E+10 (disk) is equal to I curie of 
activity. Rewriting Equation 226 in units of curies yields: 

. . .... ~. , . . -  
Sy(nm) [y curies/cm3] = Sv(mar)/3.7E+10 [2k1 k . , :  

13.4727E43 sp.gr. (mar) (if sp.gr. 2 2) Option B 



(2.1704E43 sp.gr. (mar) (if sp.gr. > 2) Option B 

The identification of the appropriate total mass density for the RH-TRU waste matrix 
requires an interrogation of the data in the W P P  Transuranic Waste Baseline Inventory 
Report (WTWBIR) Rev. 1 Ref. BIR-I]. As can be seen in Table 6, the majority (79%) of 
the RH-TRU waste volume is in the "heterogeneous" waste form, of which 80% will come 
from the Hanford site. In Table 7 the heterogeneous waste form, along with the other ,. 

waste forms, is further broken down according to its material composition. Unfortunately, 
the data reported in the \YTWBIR is presented for partial densities (not total density as is 
needed). To further complicate the matter, there was not enough data presented to identify 
the statistical nature of the reported data (i.e., statistical variances ase not presented). Only 
presented was the minimum, average (assumed to be the arithmetic sampled mean). and 
the maximum of the partial density of each material component. At this point, an 
"engineering" judgement is required. One's first inclination to determining a maximum 
total density would be to sum all the maximum partial densities of the RH-TRU waste 
matrix materials (i.e.. sum-up the maximum values identified in column two of Table 7). 
However, it is not possible to have all maximum partial densities occur in the same waste 
matrix [Ref. Br-11. Thus the plan-of-attack is to determine a statistically-based maximum 
total density. Not enough data is presented to allow one to identify the probability dishi- 
bution function @df)  (i.e., identify if the pdf is a "normal", "log-normal", or  some other 
type of distribution) or calculate the statistical variance. Enough data is present however. 
to identify an upper bound on the cumulative distribution function (cdf). This is done by 
applying the "maximum entropy formalism" which yields a distribution that maximizes the 
uncertainty [Refs. Ti-I and Ti-21. The maximizing distribution identified. for this problem 
is the truncated exponential distribution function with a pdf given by Equation 23. 

where: 

If (x )& = probability rhar uncertain parameter X lies in interval [ r x + d r ]  

k = a yet lo be determined consrant 

a =minimum value of uncenain parameter X 

b = marimum value of uncertain paramerer X 

The corresponding cdf is given by: 

=probability rhar uncenain parameter X S x 



Using Ref. CRC-I yields: 
-" - -L 

F(x) = e-h -e-u = P = Percenrile with range (035 51) P.51 

1.e.. we can use It's Equation 25 that we need to use to identify the percentiles of F(x)  (' 
Equation 25 to identify xp for a given percentile. see Equation 26). 

Unfonunately. Equation 25 has the unknown constant I The trick to solving for this con- 
stant Ref. Ti-l] is to determine the expression for the "population" mean value (also 
called the "expectation" value or more simply, mean, denoted by 1x1) of the distribution in 
Equation 23 and equate it to the sample mean (denoted by f )  that is identified in the 
WTWBIR. The population mean, [XI, is defined by Equation 27. 

[x] = f = j x  f (x)& for a continuous distribution [271 
a 

Using Ref. CRC-lb, Equation 27 can be i n t e~a t ed  to yield: 

The value of A can now be solved for by finding the roots of the function h (A) given by: 

Using standard iteration techniques, the values of A for most of the RH-TRU waste mamx 
materials (those identified with a*?) were determined to five significant digits and are 
displayed in column three of Table 7. Also identified in columns 4 t h  6 in Table 7 are 
the values of the 68.26%. 95.44% and 99.74% percentiles [Ref. CRC-lc] (i.e., the x values 
corresponding to F(x) = .6826, .9544 and .9974), which correspond to the normal bench- 
marks of 10, 20, and 30. All of the statistical results calculated up to now correspond 
only to partial densities and not the maximum total density that is needed for determining 
the linear attenuation coefficient (remember Equation 21?). The engineering judgement 
made at this time is to sum-up partial densities in the following manner: 1) the maximum 
partial material density is identified for each waste mamx material, 2) percentile values for 
the non-maximum values are identified (for cases where minimum and avenge partial den- 
sities are equal it is not possible to calculate h, in which case the maximum partial density 
is used for the percentile values), and 3) the total density is comprised of the sum of the 
non-maximum percentile values with the maximum value (see Equation 30). 

total densiry (for F(68.2656)) = pmM-m,,m + C pi 
i- 

1301 

In Table 7 we have thus determined the following five total densities for each RH-TRU 
waste matrix: 1) the "average" total density, 2) the "F(6856.26)" total density (this 

, , . . ,  i I 

corresponds to a 10 value for the partial densities, with the exception of the maximum 
value which is added at full value). 3) the "F(95.4456)" total density (corresponding to a 
20 value), 4) the "F(99.74%)" total density (corresponding to a 30 value), and 5) the 
"worst-case" total density (even though we previously identified that this case is not possi- 
ble, it is included to provide an absolute upper-bound case). The maximum of each of the 
above described cases is displayed in Table 7 in bold, which shows that "heterogeneous" 
waste has the largest statistical values and the largest "wont-case" value and "solidified 



inorganics" waste has the largest "average" value 

Now there is enough data to identify the internal source term of the RH-TRU waste 
matrix. Table 8 displays the dose rate and gamma density flux at the surface of the RH- 
TRU canister. In order to use Table 8 data to calculate the internal heat load, additional 
data is needed (i.e., the RH-TRU total heat-to-total curie load ratio and the RH-TRU total 
curie-to-total gamma curie ratio). The total heat-to-total curie load ratio is 0.003668 
wattslcurie and was obtained by calculating the heat load for each radionuclide, summing 
up these values, and then comparing to the sum of the total curie load from data reported 
in the WTWBIR [BIR-Id] (see footnote 1 of Table 9). The total curie-to-total gamma 
curie ratio is 1.01 and was obtained by comparing the total curie load to the sum of the 
calculated total gamma curie inventory load for each of the radionuclides (see footnote 1 of 
Table 10). There was a lot of work involved in generating Tables 9 and 10, and the major 
hdings (such as average waste container heat loads. etc.,) can be found in the many foot- 
notes at the end of the tables. With the conversion ratios calculated in Tables 9 and 10, the 
internal volumetric heat generation rates (source terms) can be calculated and are presented 
in Table 11. In this table, many various source terms (i.e.. RH-TRU waste average value, 
300 watt LWA limit, etc..) were calculated and will be used as input for heat transfer cal- 
culations. As will be identified in the next section (heat transfer section). these case stu- 
dies do not present a problem. 



- 
Table 6. Site RH-TRU Waste Anticipated Volumes * 

Site Name 

ORNL I SRS I WIPP WIPP 

Gnphirc 
Heterogeneous 56531 63.92 3.762.424 7827 

Inorganic 
Non-mewl 

Salt Waste 2 8  0.06 
Solidified 785.00 787.1 16.44 
lnorevlics 
Solidified 
Organics 

Unwrcgorizd 155.96 174202 3.64 
Mcwlr 

Unknown 34.866 0.73 
Lwd~Cadmi"rn 5.96 0.12 

Metal watt 
Sirc To& 173.96 1J5051 63.92 4.788332 1W.W % 

Dam from Rcf BIR-lb 



I1 Table 7. Statistics for RH-TRU Waste Densities (a) 
>r, II 

I Materials 

lnopnic Imn Bscd 

I Waste Density [Kn/m3] 
I 

Aluminum Baed 

Other Mcwls 

Othcr lnorylics 

Organics Ccllulow 

Rubber 

Soils 0.0/2.3/193.0 4.34783-1 2.63954 7.102L4 1.3690cI 

Heterogeneous 
(78.6 ~01%) 

a l f  l b  
[miniavdmax] 

0.01108.511716.4 . 

Plmics 

Truncated Exponential Distribution (b) 

0.0/23.0/263.0 

O.WO.Z500.0 

0.0/38.6ROW.O 

0.0/34.3/961.5 

0.015.91163.5 

Solidified lnoreanic 11 O.OX).1115.0 1 9.9999944 1 1.1476-1 1 3.0879-1 1 5.9521-1 

I I I I 

I I I 

A 
[m I 
9.21657-1 

7.1024+1 

6.1757-1 

tWO.O(d1 

1.0591+2 

1.8218+1 

O.Oi30.71550.0 

I n o ~ m i c  Imn B s d  

Aluminvm Byed 

0th" Mcwls 

Orher lnorgmics 

Oigmicr Cellulorc 

Rvbbcr 

Plmics 

Solidified Inorgm~c 

Statistical Results 
F(68.2670) 1 F(95.M%) ( F(99.748) 

1.2451+2 1 3.3503+2 1 6.4581+2 

4.34728-2 

4.999994 

NC (c) 

2.9 1545-2 

1.69491-1 

1.3682+2 

1.19054 

ZWO.O(d) 

ZWl6+2 

35118+1 

2.6397~1 

22952-1 

2000.qd) 

3.9362+1 

6.77084 

Solidified 
Inorgania 
(16.4 ~01%) 

a l f  l b  
[minlavelmaxl 

0.0m.010.0 

0.010.010.0 

O.WO.010.0 

0.011.11528.8 

0.010.010.0 

0.010.OlO.O 

0.010.010.0 

173.In9tUIO57.7 

325732.2 

I Materids Organic I 

35231+1 9.4797+1 

Truncated Exponential Distribution (b) 

1.8273+2 

O.M).WO.O 

A 
[m 3 ~ g  I 

NP 

NP 

NP 

9.09090.1 

NP 

NP 

NP 

NC (c) 

NP I 

Statistical Results 
F(68.26%) 

O.O(d) 

O.O(d) 

O.'xd) 

1.2624c0 

O.O(d) 

O.'xd) 

o.O(d) 

1057.7(d) 

F(95.44%) 

O.O(d) 

O.o(d) 

O.O(d) 

33966t0 

0 . W  

o.O(d) 

0 . W  

l057.7(d) 

F(99.74%) 

0 . w  

O.O(d) 

O.O(d) 

6.5473-9 

O.O(d) 

O.O(d) 

O.O(d) 

IM7.7(d) 



11 Table 7 Continued. Statistics for RH-TRU Waste Densities (a) 11 
Materials ll Waste Density [ ~ ~ / m ' ]  

I II 

Inorganic Imn B u d  

Unknown Truncated Exponential Distribution (b) 
(0.73 ~01%) 11 a l i i b  / ?. Statistical Results I 

Aluminum Ba%d 

Other Mcwlr 

Orher Inorzania 

/I I I . . I . . I . . 

Aluminum B z c d  /I 0.0/0.0/0.0 NP 0.Md) O.O(d) O.Md) 11 

Uncategorized Truncated Exponential Distribution (b) 
Metal 

(3.6 ~01%) 
a l i l b  

[mirdavdmax] 
0.0/226.W380.3 

Oreanics 0.0/1.8/68.7 5.55555-1 2.06574 5.55814 1.0714+1 

0.012.2l141.4 

0.0?279.~913.5 

O.Qr1.7134.6 

Olhcr Mculs 

Other Inorgmics 

I! I I I I 
(a) Data trom Ref. B E - l c  (ranked by volume percentages to be sent t o w F P ) .  
(b) Statistical analyses performed with use of Equations 22 + 27. 
(c) Maximum material partial density for final waste fom. 
(d) Value assign is material maximum, not calculated value. ', 
NC Not com~uted because ~arameter is maximum oanial densitv of material. 3 

h 
[m3mg 1 
1.9133-19 

PIs~ics  

Solidified Inorganic 

Maerids Organic 

Soils 

Total(ave) 
Total(max) 

NP Not possible to compute because a=? (i.e., data does not correspond to 

Statistical Results 
F(68.26%) 1 F(95.44%) 1 F(99.748) 

3.8030+2 I 3.803+2 1 3.803+2 

1.3095+1 

913.S(d) 

3.3294+1 

454545- 1 

NC (c) 

121617-1 

Organics Cellulose O.ohl.WO.0 NP 0 . W  

O.o/O.Q10.0 

O.Ofl.010.0 

O.Om.W.0 

0.0/0.0/0.0 

0.010.010.0 

O.ohl.WO.O 

0.0 
0.0 

2.52474 

913.5(d) 

9.1771+0 

NP 

NP 

6.79334 

9 13.5(d) 

2.3161cl 

. . 

0.W) 

O W )  

O.O(d) 

O W )  

o.O(d) 

O.O(d) 

0.0 

NP 

NP 

NP 

NP 

. . 

O.O(d) 

O.oid) 

O W )  

O.o(d) 

0 . w  

0.W) 

0.0 

O.O(d) 

O.Oid) 

O.O(d) 

0-Wd) 

o.O(d) 

O.O(d) 

0.0 



- 
Table 7 Continued. Statistics for RH-TRU Waste Densities (a) I, 

Marerials Waste Density [ ~ ~ h ~ ]  
I 

LeadlCadmium 

(0.12 ~01%) 

Truncated Exponential Distribution @) 

1 

a l f  l b  
[minlavdmaxl 

- 
Aluminum Based 

Other Meuls 

Other Inorgania 

Organics Cellulose 

Rubber 

Plastics 

(a) Data from Kef. BLR-lc (ranked by volume percentages to be-). 
J 

(b) Statistical analysis perform with use of Equations 22 -, 27. 
(c) Maximum material partial density for final waste form. 
(d) Value assign is material maximum, not calculated value. 
NC Not computed because parameter is maximum partial density of material. x 
NP Not possible to compute because a=f (i.e.. data does not correspond to 

a truncated exponential function). d 

Inomanic 1mn ~ x c d  11 0.0112.OR56.1 I 833333-2 1 1.3771+1 I 3.7054+1 1 7.1427+1 

?. 
[m 3 ~ g  I 

Solidified Inorganic 

M&ds Organic 

Soils 

Total(ave) 
Total(max) 

Statistical Results 
F(68.268) 1 F(95.44%) 1 F(99.7456) 

0.011.3R7.8 

0.0/43.6/109.6 

1.2'165.7fl54.8 

0.M.7145.3 

0.019231190.4 

0.0115.1167.6 

0.015.916192 

O.Ofl.010.0 

O.M).4/13 

344.0 
2.072.0 

I 

1.69491-1 

NP 

1.790934 

4.01424 

I.W13+2 

754.8(d) 

2.3719+1 

1.8092~2 

4.5391+1 

7.69230-1 

1.14806-2 

NC (d 
127539-1 

9.W77-4 

6.19505-2 

7.73794 

I .0903+2 
- 

754.8(d) 

4.0531+1 

1.8986+2 

6.5084+1 

1.4919+0 

5.&119+1 

754.8(d) 

8.94594 

1.2611+2 

L.8MMtl 

6.77084 

0 .w)  

5.15861 

988.8 

1.8218+1 

O.O(d) 

1.03434 

1.165.3 

3.5118+1 

0.W 
1.1891+0 

1,274.8 



11 Table 7 Continued. Statistics for RH-TRU Waste Densities (a) \ , 
, 

Materials Waste Density [K@'] 

Filter Truncated Exponential Distribution (b) 
(0.06 ~01%) 

a l i l b  Statistical Results 

Aluminum Based O.OfO.O/O.O NP O.O(d) - 
Orher Meuls O.O/O.WO.O NP O.O(d) 

Olhcr Inorganics 214.9/2323/241.2 NC (c) 241.2(d) 

O r p i c s  Cdlulose 0.010.010.0 NP 0.W) 

Rubber O.O/O.WO.O NP O.Md) 

/I [minlavcimax] 

. . 
P1-s.u~ 8.818.W.8 NP S.S(d) 

Solidified Inorpnic 0.0/0.010.0 NP O.O(d) 

Mueridr O ~ a n i c  0.010.010.0 NP W d )  
I , 

Sails 0.0/0.0/0.0 NP O.O(d) O.O(d) O.O(d) 

Inorpic  Imn Based 11 O.O/O.WO.O I NP 1 O.O(d) I O.O(d) I O.Wd) 
[m 3& I 

Salt Waste Tmncated Exponential Distribution (b) 
(0.06 ~01%) 11 a l i l b  Statistical Results 

F(68.26%) 1 F(95.4470) 1 F(99.74%) 

Aluminum Based 

i 
I 

I Total(ave) 270.8 
Total(max) 11 650.3 

(a) Data from Ref. BIR-lc (ranked by volume percentages to be sent WIPP). to 
(b) Statistical analysis perform with use of Equations 22 4 27. 
(c) Maximum material partial density for final waste form. 
(d) Value assign is material maximum, not calculated value. 
NC Not computed because parameter is maximum panial density of material. 
NP Not possible to compute because a=.? (i.e.. data does not correspond to 

a uuncated exponential function). 



Table 8. RH-TRU Surface Dose and Gamma Flux Rates 11 
Variable 

, 
Corresponding Rc 

Conventional 
Units 

ilt (a) 

Units 

10. [ S v h r ]  

0.93643 
- 0.276 [coulAg-hr ] (i) 

1.8452E-5 

II I 
(a) Results in &is table correspond to steps 1 + 4 of Table I.  
(3) Maximum RH-TRU canister surface dose rate allowed by R e t  LWA-I. 
(c) Value from Table 2. 
(d) Calculated via Equation 1. 
(e) Calculated via Equation 3b using Table 3, assuming EI = 1.OMeV. 
(0 Calculated via Equation 2. 
(g) Calculated via Equation 3c using Table 3, assuming EI = 1.0 MeV.  
01) Calculated via Equation 4. 
(i) There isn't a SI conversion for Roenteen, mks equivalent is given 
6 )  Note, this is a very large gamma flux, very dangerous radiation field. 

i 

. , ,  ; 
. . 



Nuclide 

[Me V/dis 1 ID It 

A c 2 3  5.893Em 
Ac327 8.169E-02 
Ac228 1.458Em 

Agl09m 8.696E-02 
AgllO 1.212Em 

Agl lOm 2.817Em 
Am24 I S.M)1Et€Q 
A d 4 2  1.915E-01 

AmZ12m 6.661E-02 
A d 4 3  5.423EXX) 
Am2lS 3.IME-01 
A1117 7.199Em 

Ba137m 6.624E.01 
Bizlo 3.89OE-01 
Bi311 6.729Em 
Bi212 2 .869Em 
Biz13 7.W2E-01 
Biz14 2.162Em 
Bk249 l.2SOE-01 
Bk3O 1.172Et00 
C14 4.947E-02 

CdlW 1.9M)E-02 
Cdll3m 2.840E-01 
0 1 4 4  1.1 19E-01 
CP49 7.8MEXX) 
CP50 6.267EcW 
CP51 6 . 0 2 7 E 4  
CCSZ 1.204E4I 
Cm242 6.216Et00 
Cm243 6 . 1 8 9 E 4  
Cm244 5.901E+W 
Cm245 5.598Em 
Cm246 5.5L1E+00 
Cm247 2.390E+00 
C d 4 8  2.IOOE4l 
C058 1.009E+O 
Cc60 2.601E+W 
CrS I 3.620E-02 

G I 3 4  1.717E+M1 
Cs135 5.63OE-02 

Table 9. Disposal Radionuclide Inventory 

Total 
Inventory 
[Curies] 

(b) 

WIPP TRU Waste 

% Heat 
Load 
[%I 



Nuclide 

Total 
Inventory 
[Curies] 

(b) 

WIPP TRU Waste 

a 

Table 9 Continued. Disposal Radionuclide Inventory -'\.--/ ' 

- - 

- 

- 
- - 

- - 

Heat 
Load 

[Watts] 
(c) 

% Heat 
Load 
[%I 



Table 9 Continued. Disposal Radionuclide Inventory . 
L& . & pp,  

Nuclide 

ID Energy 
[MeV/dis] 

PuZ39 5.199EcW 
Pu240 5.253EcW 
Pu24I 5.230E-03 
Pu242 4.982EiGI 
Pu243 1.947E-01 
Pu244 4 . 8 9 2 E 4  
R f l 3  6.CQ7EKO 
W 4  5 . 7 9 0 E 4  
Rf lS  1.183E-01 
-6 4.871EcM) 
W 2 8  1.300E-02 
Rh106 1 . 6 1 8 E 4  
Rn219 7 . W O E 4  
Rn220 6 . 4 0 5 E 4  
Rn22 5 5 9 0 E 4  
Ru106 1.003E-02 
Sb125 5.274E-01 
Sb126 3.1 1 7 E m  

Sbl26m 2.148E+CQ 
Sc79 4.2CQE-02 

SmlSI 1.978E-02 
Snl l9m 8.72OE-02 
Snl2lm 3.38OE-01 
Sn126 2.IC-lE-01 
St30 1.958Ml 

Total 
Inventory 
[Curies] 

(b) 

WIPP TRU Waste 

Heat 
Load 

Watts] 
(c) 

% Heat 
Load 
[%I 



Nuclide I 
ID Energy Total 

[MeV/dis ] Inventory 
[Curies] 

(a) (b) 

CH RH 

Th227 6.157EtW 6.56OE-01 1.480E-02 
ThZ28 5517EtW 2.770E4I 9 . M O E 4  
TIC29 5.161E+W 2.050E.100 3.360E-01 
Th2.30 4.774EtW 4.9WE-02 8.790E-07 
m231 9.466E-02 2.880Em 2.210E43 
~ h 2 3 2  4.084EtW 6.070E-01 7.090E-03 
Tie34 6.840E-02 1.880E41 1.310E41 
n207 4.954~-01 6 .560~61  I . ~ ~ O E - O ?  
~ 1 2 0 8  3.970EtW 9.960E+OO 3.740Em 
772.09 2.803E+W 4.390E-02 7.080E-03 
TI210 -(a 1.23OE-03 1510E-13 
U237 5.416E.100 2.630E4I 1.160E4I 
U233 4.90bE.100 1.380E43 8.570E42 
UL34 4.859E.100 2.5WE42 4.l80E-02 
U235 4AI8E.100 2.88OEm 5.660Em 
UL36 4570E.100 1.340E-01 4.1 10E-05 
U237 3.191E-01 2.47OE4I 2.220E-02 
U238 4279EtW 1.880E4I 1.310E4I 
U240 l384E-01 1.000E-06 1.620E-10 
Y90 9350E-01 4.070E43 6.680E45 

(0 
Zn65 5.90bE-01 1.210E-08 WR 
Zr93 1.96QE-02 8.870E-02 5.140E-02 
Zr95 8545E-01 2.24OEdI 4.6WE+00 

(i) ti) 

WIPP TRU Waste 

% Heat 
Load 
[%I 

- Not calculated 
NR Not Reponed by sites (see Ref. BIR-ld). 
(a) Data from Ref Or-I. 
(b) Data from Ref BIR-Id. . . 
(c) Data calculated from the equation; 

Hcat Load = TOTAL ACTrVIN(Ci) E 4 e V  1.60219E-191 wan-sec 3.7E+10(d*/sec) ENERGY(MeV/dir) - 
Ci MeV eV J 

Heat Load (watts) = 0.W5928103 XTOTAL AffIVrrY(CilxENERGYIMeV/dir) . . 
(dl Disinteption energy not available in Ref. Or-I. 
(e) Max total curie load for CH-TRU wastes. 
(f) Max total curie load for RH-TRU wastes. 
@) Max h a t  load for CH-TRU wastes. 
(h) Max hcat load for RH-TRU wastes. 
(i) Note, the total CH-TRU curie load is only 3.61 MCi (also. 63.1 % of the total curie load in WIPP). 

The average CH-TRU volumetric total curie load is 3.61E+06/5.95E+06 = 0.607 (Cicu. ft.) = 21.43 (Cilcu. m.). 
[See discussion note on Ref. LWA-I for volumes -- CH+5.95Ed)6 cu. ft. Also note that the 5 .95E46  volume 
number is a volume limit. stored waste and projected waste volumes sum up to a volume Icss than this volume. 



r? 

The summed up volume is then "scaled" to yield a total volume of 5.95E46. likewise (he curie loads are also 
"scaled by the same factor. Thus ratios of curie loads (or heat loads) lo volume yield values applicable to 
expected waste at WIPP (See Ref. BIR-le). ] 

6) Note. the total RH-TRU curie load is only 2.1 1 MCi (also, 36.9 % of the total curie load in WIPP). 
This curie load is much less ban  the RH-TRU limit of 5.1 MCi [Ref. LWA-I]. 
The average RH-TRU volumevic total curie load is 2.1 lE+06/0.25E+06 = 8.440 (Cilcu. ft.) = 298.1 (Cicu. m.). 
[See discussion note on Ref. LWA-I for volumes -- R H 4 . 2 5 E 4 6  cu. ft.] 

(k) Note, the total CH-TRU heat load is only 84.6 kW (also. 91.6 % of the total heat load in WIPP). 
The ratio for CH-TRU of total heat load to total curie load is 84.6E4313.61E46 = 0.02343. 
The averase CH-TRU volumevic heat load is 84.6E43l5.95E46 = 0.0142 (Wlcu. f r )  = 0.502 (Wlcu. m.). 
The average CH-TRU dmm heat load is 0.502 (Wtcu. m.)x 0.2082 (cu. m.) = 0.1045 W. 
(?he volume of a CH-TRU drum was set equal to the nominal volume of a %-gal drum.] 

(I) Note, the total RH-TRU hear load is only 7.74 kW (also, 8.4 % of the rolal heat load in WIPP). 
The ratio for RH-TRU of total heat load to total curie load is 7.74E43RI 1 E 4 6  = 0.003668. 
The averqe RH-TRU volumeuic heat load is 7.74E+03/0.25E46 = 0.0310 (Wlcu. fL) = 1.09 (Wlcu. m.). 
The a v e q e  RH-TRU canister heat load is 1.09 (\V/cu. m.)x 0.6246 (cu. m.) = 0.6808 W (this is about 
ten times that of an average CH-TRU drum). me volume of a RH-TRU canister was set equal to three times 
the nominal volume of a 55-gal drum. Even though the reported volume of a RH-TRU canister is 0.89 c u  m 
[Ref. BIR-lfl. these canisrm are loaded wih  three 55-gal drums internally. Ref. Lo-I.] 



Table 10. RH-TRU Waste Radionuclide Gamma Activity Ratios 

Nuclide 

ID II Gamma 
Activity 
Fraction 

Total 
Inventory 
[Curies] 

('J) 

Ac227 
Ac228 

Agl09m 
Agl I0 

AgllOm 
Am24 1 
Am242 

Am242m 
Am243 
A d 4 5  
A017 

Ba137m 
Bill0 
Biz1 I 
Biz12 
Bi213 
Bi214 
BE49 
BESO 
C14 

Cd109 
Cdll3m 
-144 
CC49 
CCSO 
CC51 
CC52 
Cm242 
Cm243 
Cm244 
Cm245 
Cm246 
Cm247 
Cm248 
Co58 
Co60 
G s 1  

&I34 
Cs135 

WIPP TRU Waste 

9.862E-01 
I . W O E 4  
I.WOE+W 
I .WOE+W 
I .WOE+W 
O.WOE+W 
I .WOE40 
9.950E-01 
O.WOE+W 
I.WOE+W 
O.WOE+W 
I . W O E ~  
I.WOEcW 
2.8WE-03 
6.407E-01 
9.784E-01 
9.998E-01 
I .WOE+W 
I.MME+W 
1.WOE+OO 
l.WOE+W 
I.WOEeW 
I .WOE+W 
O.WOE+W 
8.WOE-04 
O.WOE+W 
3.090E-02 
O.WOE+W 
?.ME-03 
0.WOECW 
O.WOE+W 
3.WE-M 
O.WOE+W 
8.26OE-02 
I.WOE+W 
I.WOE+W 
I .WOE+W 
I.WOE+W 
I . ~ E ~  

Gamma 
Inventory 
[Curies] 

(c) 

% Gamma 
Inventory 

[%I 



Table 10 Continued. RH-TRU Waste Radionuclide Gamma Activity Ratios 

Nuclide I WIPP TRU Waste 

Gamma 
Activity 
Fraction 

(a) 

Total 
Inventory 
[Curies] 

(b) 

Gamma 
Inventory 
[Curies] 
(d 

% Gamma 
Inventory 

["/.I 



Table 10 Continued. RH-TRU Waste Radionuclide Gamma Activity Ratios 

I 

Nuclide I W P P  TRU Waste 

Gamma 
Activity 
Fraction 

(a) 

Total 
Inventorv 

Gamma 
Inventory 
[Curies] 

(c) 

O.WE+W O.WE+W 
O.WE+W 

1.17E-03 1.45E-13 

O.WE+W 
O.WE+W O.WE4O 

% Gamma 
Inventory 

[%I 



Table 10 Continued. RH-TRU Waste Radionuclide Gamma Activity Ratios 

Nuclide WIPP TRU Waste 

ID I Gamma 
Activity 
Fraction 

Total I Gamma 
Inventory I Inventory 
[Curies] [Curies] 

(b) (c) 

- Not calculared. 
NR Nor Reported by sites (see Ref. BIR-Id) 
(a) Fraction bf radionuclide disintegrations due to gammas only. 

(y fraction = 1 - (a. p. & n fractions). 
a, p, and n fraction values from Ref 01-1. 

(b) Data from Ref BIR-Id. 
(c) Data calculated from the quation: 

G m m a  invcntory(Ci) =ACTIVflY(Ci)xGAMMA FRACTION 
(d) Fraction values not available in Ref. Or-1. 
(e) Max total curie load for CH-TRU wastes. 
(0 Max lotal curie load for RH-TRU wastes. 
(g) Max total gamma load for CH-TRU wastes. 

% Gamma 
Inventory 

[%I 



(h) Max total gamma load for RH-TRU waster. 
(i) Note. the total CH-TRU curie load is only 3.61 MCi (also. 63.1 % of the total curie load in WIPP). 

The average CH-TRU volumetric curie load is 3.61E+06/5.95E+06 = 0.607 (Ci/cu. ft.) = 21.43 (Cdcu. m.). 
[See discussion note on Ref. LWA-I for volumes - CH+5.95E+06 cu. ft.1 

(i) Note, the total RH-TRU curie load is only 2.11 MCi (also. 36.9 % of the total curie load in WIPP). 
This curie load is much lcss than the RH-TRU limit of 5.1 MCi [Ref. LWA-I]. 
The averaze RH-TRU volumevic curie load is 2.1 1E+06/0.25E+06 = 8.140 (Cdcu. ft.) = 298.1 (Cicu. m. 
[See discussion note on Ref. LWA-1 for volumes - RH-rO.25E46 cu. ft. Also nole that the 5.95E46 v 
number is a volume limit stored waste and projected waste volumes sum up to a volume less than this vo 
The summed up volume is then "scaled to yield a total volume of 5.95E+06, likewise the curie loads are also 
"scaled by the same factor. Thus ratios of curie loads (or heat loads) to volume yield values applicable to 
expected waste at WIPP (see Ref. BIR-le). I 

(I;) Note. the total CH-TRU gamma curie load is I.031MCi (28.550912 % of the total curie load). 
The ratio for CH-TRU of total curie load to gamma curie load is 3.6111.031 = 3.50. 
The majority of the curie load of the CH-TRU is due to alpha and beta emitters. 
The average CH-TRU volumetric gamma curie load is 1.03E+06/5.95E+06 = 0.173 (Cilcu. ft.) = 6.113 (Cilcu. m.). 
[See discussion note on Ref. LWA-I for volumes - CH--t5.95E46 cu. fL1 
The average CH-TRU drum gamma curie load is 6.113 (Cicu. m.)x 0.2082 (cu. m.) = 1.273 Ci. 
m e  volume of a CH-TRU d ~ m  was set equal to the nominal volume of a 55-gal drum.] 

(I) Note. the total RH-TRU gamma curie Load is 2.088MCi (98.848088 % of the total curie load). 
The ratio for RH-TRU of total curie load to gamma curie load is 2.1 1R.088 = 1.01. 
The vast majority of the curie load of the RH-TRU is due to gamma emitters. 
Since zamma emitters tend to bc shon lived this means that the RH-TRU waste curie load 
~hould'ra~idly (within several hundred years) decay to low levels. 
The averaee RH-TRU volumerric gamma curie load is 209E46/0.25E+06 = 8.360 (Citcu. ft.) = 295.2 (Cdcu. m.). 
The averale RH-TRU drum canisir curie load is 295.2 (Ciku. m.)x 0.6246 (cu. m.) = 184.4 Ci. 
m e  volume of a RH-TRU canister was set equal to three times the nominal volume 
of a 55-gal drum. Even though the reported volume of a RH-TRU canister is 0.89 cu. m. 
[Ref. BIR-lfl. these canisters are loaded with three 55-gal drums internally. Ref. Lo-I.] 

(m) Percent of total CH-TRU waste curie load due to gammas. 
(n) Percent of total RH-TRU waste curie load due to gammas. 



Case (a) 
Study 

I )  Maximum Ave (e) 
2) F(68.26%) (e) 
3) F(95.44%) (e) 
4) F(99.74%) (e) 
5) Worst Case (e) 
6) 300 Watt Limit ( f )  
7) WIPP Ave 

7b) WPP Ave +I- 10% 
7c) WIPP Ave +I- 100% 
7d) WIPP Ave +I- 200% 

Table 11. Results of Shielding Calculations 
(RH-TRU Waste Matrix Only) 

Total (b) 
Density 
[kg/m3] 

Option A 

2.463E-03 
6.773E-03 
7.977E-03 
9.783E-03 
1.926E-02 

- 
-- 
- 
-- 
-- 

a) Results in this table correspond to steps 1 + 5 of Table 1. 
b) Values obtained from Table 7. 
c) Calculated using Equation 22c. 
d) S,(toral) = 1.01 S,(y) 

The total curie-to-total gamma curies ratio of 1.01 was calculated in 
footnote I of Table 10. 

e) See Table 7. 
O 300 Watt limit from Ref. LWA-I. 
g) Calculated using footnote j in Table 10. 

Option B 

2.851E-03 
7.773E-03 
9.154E-03 
1.123E-02 
2.21 1E-02 

- 
- 
- 
-- 
-- 

S, (roral) (d) 

Option A I Option B 
I 



[3] Heat Conduction Calculations 
The purpose of the heat transfer calculations is to identify if there is any 
significant temperature rise near the "worst-case" RH-TRU canister. Should there 
be a meaningful temperature increase rise, this could significantly affect thermally 
dependent properties. For instance, the solubility of actinides in WIPP brine could 
increase by about an order of magnitude for a temperature rise of ten degrees cen- 
tigrade (assuming that solubility acts like many thermal-chemical properties that 
can be described by classical collision theory, where the collision frequency 
increases exponentially with increasing temperature and generally increases by an 
order of mapitude for each ten degree increase in temperature). The heat transfer 
problem was addressed by solving a simple steady-state solution. This approach 
would be realistic if the heat source term was constant for all time. However, the 

,* 
true heat source decreases with time (in fact the heat and curie loads of RH-TRU / 
waste eventually decay to values less than that of CH-TRU waste -- see Ref. :.. . , .  : 
DOE-1) and performing steady-state calculations yield very conservative results. 
Since the volumetric heat loads identified in Table 11 were very low. using very 
conservative steady-state heat transfer calculations will still show low 
(insignificant) thermal results. The problem was solved for a two region geometry 
(see Figure 9). 

Figure 9 Geometry for two region heat conduction analyses. 

The first region corresponds to a pure conduction region with a uniform heat generation 
source term. The second region corresponds to a pure conduction region without a heat 
generation source term. In both regions. the thermal conductivity is assumed to be a 



constant. The differential equations were derived from Equation 31 (a general form of the 
heat conduction equation). For the assumptions made above, this equation then becomes 
Equations 32 and 33. 

where 

u"' = hear source load [w/m3] 

k = thermal conducriviry [W/m-K] 

p = marerial densiry [kg/m3] 

c, = marerial specific hear [ M g - K ]  

T = remperarure [K] 

r = rime [sec] 
,,. 

U 
Lfor Region I ,  sready-smre ] [3? 

Performing a change of variable, changing to a AT via Equation 34, yields Equations 35 
and 36. 

,., 
U $ I r % ]  + r - = O  V o r  Region I ]  
h 

d O" 
Lfor Region II]  

The general solutions to these equations are given by Equations 37 and 38. 

The necessary boundary conditions arc given by Equations 39 + 42 (note, boundary con- 
dition # 4 corresponds to the sphere of influence for this boundary value problem). 

Applying boundary conditions is shown in Equations 43 + 46 which yield the particular 
solutions shown in Equations 47 and 48. 

d d  C Applying B.C. # 1 - I , ~ = o = ' I  , = C1 = O  
dr r 1431 



,., 
d d  d d' -Rlu 

Appljing B. C. # 2 kl - 1 r = R ,  = klr - 1 r=R, = - dr d r  2 

Since the A temperature of interest is that which occurs at r = R 1 ,  evaluating either Equa- 
tion 47 or 48 will yield the desired result (given by Equation 49).  

Using the assumptions in Equation 50 yields the final result shown in Equation 51. 

kll = kml, = k.m~t @ 3WK 

= h3, (1992 WIPP PA Vol3 ,  pg. A-117 [Ref.WPA-I] 

0.32385 m Option A 
R l = {  0.28580m Option B 

O ( R I )  [K(='C)] = AT(due to mer RH-TRU cmisrer) 

0.044720817 x u"' Option A 
- 
- { 0.034829431 x u'" Option B 

where 

u"is in unirr of [w/m3] 

Computational results using Equation 51 are shown in Table 12. 



Table 12. Results of Heat Transfer Calculations 

I/ 

Option A 

Case (a) 
Study 

1) Maximum Ave (d) 
2) F(68.26%) (d) 
3) F(95.4470) (d) 
4) F(99.74%) (d) 
5) Worst Case (d) 
6) 300 Watt limit (e) 
7) WIPP Ave 
7b) WIPP Ave +I- 10% 
7c) WIPP .4ve +I- 100% 
7d) WIPP Ave +I- 200% 

u"' (b) 
[wan/m3] 

(a) Results in this table corres~ond to stev 6 of Table 1. 

Option B 

1.056E+01 
2.879E41 
3.390E41 
4.158E41 
8.186E41 
4.800E42 
1.093E+00 
1.202Et00 
2.185E+00 
3.277E+OO 

(b) Values ,,, calculated from vafues in ~ a b i e  11, using footnote 1 of Table 9. 
(d) u = 0.003668E+06 S, (roral ) 

The total heat load-to-total curies ratio of 0.003668E+06 was calculated in 
foomote 1 of Table 10. 

(c) Calculated using Equation 5 1. 
(d) See Table 7. 
(e) 300 Watt limit from Ref. LWA-1. 

Option A 

4.079E-01 
1.122E+OO 
1.321E40 
1.620E40 
3.190Em 
1.507E41 
4.883E-02 
5.374E-02 
9.771E-02 
1.466E-01 

Option B 

3.678E-01 
1.003Ei-00 
1.181E+OO 
1.448E40 
2 . 8 5 1 E 4  
1.672E41 
3.805E-02 
4.18jE-02 
7.610E-02 
1.142E-01 



[4] Overall Results 
The results obtained in this study (see Table 12) indicate that a negligible thermal 
increase is expected in the immediate vicinity of an RH-TRU canister such as 
those expected at the WIPP (based on Rev.1 data from the WTWBIR). The only 
calculated temperature difference of any significance found in this study was that 
associated with the 300 Watt limit. That value was computed using a simple ther- 
mal analysis that yields a conservative value (i.e., an overestimated value for the 
temperature difference). The other computed values have additional conservatism 
because the "maximum" values (see Table 7) from Rev.1 of the WTWBIR are the 
maximum of values of both "Stored" (legacy) and "Projected (future) wastes, and 
for most cases, the maximum values estimated for projected wastes are over- 
predicted. In this study, the worst-case RH waste form was "Heterogeneous" 
waste as identified in Table 7. Unfortunately, the maximum estimated material 
density was extreme, namely, fifty times the average value. The extreme value for 
the "maximum" waste density was identified as coming from a "Projected RH- 
TRU heterogeneous waste from the Battelle Columbus Laboratory (BCLDP). This 
waste stream may never be generated, because the funding for the project that 
would generate this waste stream is questionable. Moreover, the total volume from 
this projected waste stream is small (Table 6 indicates that the total amount of 
waste overall originating at BCLDP is only 71. cum.) and the BCLDP may have 
grossly overestimated the expected density of the waste stream (BCLDP does not 
currently have RH-TRU waste on site and they may not have a lot of experience 
with RH-TRU waste). 
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to: Martin S. Tierney (6741) &/~o @A 

n: %f&y wan?& Lany Brush (drg. 6748) 
-s 

. .. 
subject: Estimates of Gas-Generation Parameters for The Long-Tern WIPP Performance 

Assessment 

Introduction 

Steel corrosion and organic-material biodegradation have been identified as major gas- 
generation processes in the WIPP reposito~y (Brush, 1995). Gas production will affect room 
closure and chemistry (Butcher, 1990; Brush, 1990). This memorandum provides the 
current estimates of gas-generation parameters for the long-term WIPP performance 
assessment. The parameters provided here include the rates of gas generation under 
inundated and humid conditions, the stoichiometric factors of gas generation reactions, and 
the. probability of the occurrence of organic material biodegradation (Table 1). To satisfy 

.--. the quality assurance (QA) requirement (QAP 9-5), we summarize all hand calculations for 
estimating these parameters in Appendices I and 11. 

Biodegradation of Organic Materials 

Cellulosics, plastics, and rubbers have been identified as the major organic materials to be 
emplaced in the WIPP repository (DOUCAO, 1996) and could be degraded by microbes in 
10,000 years. Cellulosics has been demonstrated experimentally to be the most 
biodegradable among these materials (!?rancis et al., 1995). The occurrence of significant 
microbial gas generation in the repository will depend on: (1) whether microbes capable of 
consuming the emplaced organic materials will be present and active; (2) whether suff~cient 
electron acceptors will be present and available; (3) whether enough nutrients will be present 
and available. Considering uncertainties in evaluation of these factors and also in order to 
bracket all possible effect of gas generation on the WIPP performance assessment, we assign 
a 50% probability to the occurrence of significant microbial gas generation. 

Microbial Reactions 

Microorganism will consume cellulosics mainly via the following reaction pathways in 
the repository (Brush, 1995): 

Exceptionoi Service in the Notional interest 
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We assume that Reactions 1 to 3 will proceed sequentially according to the energy yield of 
each reaction. Here we ignore the reaction pathways of aerobic respiration, Mn(1V) and 
F e O  dissimilatory reduction, since the quantities of 0 2 ,  Mn(N) and Fe(W initially 
present in the repository will be negligible relative to the other electron acceptors. In 
Reactions 1 to 3, biomass accumulation is also not taken into account. This is because 
significant biomass accumulation seems unlikely in the WIPP repository and the 
accumulated biomass, if any, will be recycled by microbes after all biodegradable cellulosics 
is consumed. 

In addition to Reaction (3). methanogenesis may proceed via: 

However, this reaction will be ignored in our calculations, because (1) no experimental data 
are available to evaluate the rate of this reaction and (2) the net effect of this reaction is to 
reduce the total gas generation and the amount of COl in the repository and, therefore, it is 
conservative to ignore this reaction in respect of repository pressurization and actinide - 
solubility. 

Rates of Cellulosics Biodegradation 

The rate of cellulosics biodegradtion was measured by incubating representative cellulose 
materials (filter paper, paper towels, and tissue) in WIPP brine with microbes enriched from 
various WIPP environments (Francis & Gillow, 1994; Francis et al., 1995). The incubation 
experiments were conducted under various conditions: aerobic or anaerobic, inundated or 
humid, with or without bentonite, amended or unamended with nutrients or NO3'. Because 
the repository is expected to become anoxic shortly after waste emplacement and also 
because bentonite will not be added as a backfii according to the current waste 
emplacement plan, we think that the experimental data kom anaerobic incubation without 
bentonite present are most relevant to expected WPP conditions. Considering that the 
current experimental data are mostly for denitrification (Reaction I), but not sulfate 
reduction (Reaction 2) and methanogenesis (Reaction 3) (Francis & Gillow, 1994; Francis et 
al., 1995). we assume that the ranges of the rates of cellulosics biodegradation via sulfate 
reduction and methanogenesis are equal to those observed for denitrification. 

We use C02 production data to estimate the rates of cellulosics biodegradation. There are 
two advantages of using C02 production data: (1) there are experimental data available on 
the CO2 dissolution in WIPP brine (Telander & Westerman, 1995) and, therefore, it is easy 
to correct the C02 production data for gas dissolution (Appendix I); (2) since cellulosics 
biodegradation did not reach the stage of methanogenesis in the experiments, according to 



Martin S. Tiemey (6741) 

, 
; ,,;3 - .  ... 

,:: , ' - ,  " ' i 
, \.. <$;,% ..>$$'\?> ",i : 

c.; 
X>< ,.% @?/, 

."%,& 4.': 

Reactions 1 and 2. the consumdon of one mole carbon of c e ~ ~ l o s ~ c s  will ~roduce one mole . 
of C02. This 1:l relationship is independent of oxidation state of carbon in cellulosics. 
Therefore, it is rather straightforward to determine the amount of cellulosics biodegraded 
from the amount of CO2 produced. 

Experimental data show a strong dependence of CO2 generation on the concentrationi of 
nutrients and nitrate (Francis & Gillow, 1994; Francis et al., 1995). The maximum COz 
generation was observed in nitrate-and-nutrient-amended samples. In those experiments, 
after a short lag phase, C02 fmt linearly increased with time and then approached some 
limiting value as its production rate diminished. If we assume that biodegradation is nitrate- 
or nutrient-limited, the experimental data can be explained by Michaelis-Menton kinetics 
(Chapelle, 1993). Michaelis-Menton kinetics, which describes the dependence of microbial 
reaction rate on substrate concentration, can be expressed by: 

where V is the microbial reaction rate; V,, is the maximum value of the rate; S is the - concentration of the limiting substrate; K, is a constant. Equation (5) states that the 

microbial reaction rate becomes independent of the substrate concentration, if the latter is 
high enough, i.e. S >> K, and V = V,,. In this circumstance, the reaction product will 
accumulate linearly with time before the substrate is sufficiently depleted. In other words, in 
our cases, the linear part of C02 vs. time curve will give the estimate of the maximum rate 
of cellulosics biodegradation. 

From the experimental data of Francis & Gilow (1994) and Francis et al. (1995), we 
estimate the maximum and minimum rates of cellulosics biodegradation under inundated 
conditions to be 0.3 and 0.01 mole Ukg/year, respectively (Appendix I). The maximum 
rate is estimated from the data obtained from both NO<- and nutrients-amended 
experiments, whereas the minimum rate is derived from the data obtained from the 
inoculated-only experiments without any nutrient and NO? amendment. Under humid 
conditions, experimental data show no clear correlation between C02 production and 
nutrient concentration. The best estimate of the maximum rate of cellulosics biodegradation 
under humid condition is 0.04 mole C'kg/year (Appendix I). The minimum of the humid 
biodegradation rate is set to 0, corresponding to the cases where microbes become inactive 
due to nutrient and water stress. 

Biodegradation of Plastics and Rubbers 

The rates of plastics and rubber biodegradation under expected WIPP conditions were 
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measured by Francis et al.(1995). The experimental data show that plastics and rubbers are 
much less biodegradable than cellulosics, although the data themselves are not sufficient for 
us to constrain the long-term biodegradation rate for plastics and rubbers. There are two 
factor that may potentially increase the biodegradibility of those materials: long time scale 
and cometabolism. Over a time scale of 10,000 years, plastics and rubbers may change their 
chemical properties and therefore their biodegradibility. Cometabolism means that microbes 
degrade an organic compound but do not use it as a source of energy or of their constituent 
elements, all of which are derived from other substrates (Alexander, 1994). In the WIPP 
repository, plastics and rubbers, which are resistant to biodegradation, may still be 
cometabolized with cellulosics and other more biodegradable organic compounds. Because 
of these uncertainties, we recommend a 50% chance for the biodegradation of plastics and 
rubbers in the event of significant microbial gas generation. We further suggest lumping 
plastics and rubbers into cellulosics and applying the ranges of cellulosics biodegradation 
rate to plastics and rubbers. This treatment is conservative in respect of repository 
pressurization and actinide solubility. We propose to use the following equation to convert 
plastics and rubbers to the carbon-equivalent quantity of cellulosics (Appendix I): 

total cellulosics (kg) = actual cellulosics (kg) + 1.7 plastics (kg) +rubbers (kg). (6) - 
Anoxic Steel Corrosion 

According to current waste inventory estimates, a large amount of steels will be emplaced 
in the WIPP repository (DOEKAO, 1996). Those steels will be capable of reacting with the 
repository brine to form H2 gas. Both thermodynamic calculations and experimental 
observations indicate that the Hz gas can be generated to pressures exceeding the lithostatic 
pressure at the WIPP horizon, if enough brine enters the repository @rush, 1990; Telander 
& Westerman, 1993, 1995). Since the repository will become anoxic shortly after waste 
emplacement and sealing, we here focus only on anoxic steel corrosion. 

Steel Corrosion in the Absence of COz and H2S 

In this case, steel corrosion will follow the reaction (Telander & Westerman, 1993, 1995): 

In the Mg-rich WIPP brines (exempiifled by Brine A), a significant fraction of Fe in the 
corrosion product is substituted by Mg. This substitution can substantially increase the 
stability of the corrosion product. Experimental observations indicate that steel corrosion - 
can still proceed even at an 127 atm Hz pressure (Telander & Westerman, 1995). Aside 
from this thermodynamic stability argument, the experimental observations indicate no 
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essential effect of Mg in the brine on the corrosion rate. As a matter of fact, the corrosion 
rates measured in Mg-rich Brine A are not significantly different from those measured in 
Mg-depleted Brine ERDA-6 (Telander & Westerman, 1995). 

It was observed in the experiments that the steel corrosion rate decreased with time until 
some limiting rate was achieved (Telander & Westerman, 1995). Our long-term corrosion 
rate is estimated from the longest-term data available in a WIPP-relevant Brine A 
environment. The estimated inundated rate is 0.5 pdyear  or 0.07 mole Fe /m21year 
(Appendix II). In addition, the corrosion rate is also found to increase with decreasing brine 
pH (Telander & Westerman, 1993, 1995). Without addition of COz from microbial 
reactions, the pH in the repository is unlikely to go below its experimental value, which is 
about 10 (Telander & Westerman, 1993, 1995). Therefore, we recommend using 0.5 
@year as the upper limit of inundated corrosion rate for the cases without microbial gas 
generation. On the other hand, the pH in the repository can be -2 units higher than its 
experimental value due to the presence of Ca(OH)2 as a cementious material in the waste, 
and thus, based on the scaling factor (= 0.01) given by Telander & Westerman (1995), the 
steel corrosion rate could be as low as 0.005 pdyear. In addition, the experimental work 
for Source Term Test Program (STTP) at Los Alamose National Laborato~y indicates that 

-. salt crystallization on steel surface may possibly prevent the steel from corrosion. To 
include this possibility, we set the minimum inundated steel corrosion rate to 0. 

The corrosion rate observed on specimens exposed to humid conditions is negligible, 
based on essentially non-existent presence of corrosion product and lack of apparent H2 
generation (Telander & Westerman, 1995). Therefore, we set the humid steel corrosion rate 
to 0. 

Steel Corrosion in the Presence of C02 and HzS 

In the event of significant microbial gas generation, steel corrosion can proceed via the 
following reactions in addition to Reaction (7) (Telander & Westerman, 1993, 1995): 

Fe + C02 + H20 -+ FeC03 + H2 
Fe + H2S -+ FeS + Hz. 

One possible effect of C02 and H2S on steel corrosion is that they may cause passivation of 
the steel. Steel passivation was observed in the experiments in which large quantities of 
COz and H2S were added to the reaction vessels. It usually took place after tens of days and 
was caused by the formation of a protective layer of FeCO3 or FeS on steel surfaces 
(Telander & Westerman, 1995). However, we think that this passivation is unlikely to occur 
under the repository conditions. This is because the microbial production rate of C02 and 
H2S is too slow and it will take an exceedingly long time period (relative to the experimental 
time scale) for these gases in the repository to reach their concentration levels required for 
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passivation under the experimental conditions. The conclusion of no steel passivation under 
the WIPP repository conditions is consistent with other studies (e.g., Ikeda et al., 1983; 
Schmitt, 1983). In fact, aside from the previously cited work of Telander & Westerman 
(1993). total passivation of steel by C02 and H2S in low-temperature solutions has not been 
reported, though varying degrees of corrosion inhibition have been observed. 

In the absence of passivation, the microbial generation of C02 and H2S will increase steel 
corrosion rates in the repository either by lowering the repository pH or by initiating 
additional reaction pathways (Reactions 8 and 9) (Telander & Westerman, 1995). We take 
tbis effect into account by modifying the sampling range of steel corrosion rate. Obviously, 
Reactions 8 and 9 will be limited by microbial C02 and HIS production, and therefore the 
upper limit of the reaction rate can be estimated from the maximum cellulosics 
biodegradation rate, which is 0.3 molekg cellulosics/year, equivalent to 6 @year of steel 
corrosion rate (Appendix ll). Thus, in the event of significant microbial gas generation, the 
upper limit of steel corrosion rate is 6.5 @year, the sum of the maximum rates of 
Reactions 7 through 9. The corresponding lower limit will be kept the same as that 
estimated for the cases without CO2 production, i.e. 0.0 @year. Under humid conditions, 
experimental results show a negligible effect of C02 and H2S on steel corrosion (Telander & 
Westerman, 1995). We thus set the humid corrosion rate to 0. 

Stoichiometric Factors in the Average-Stoichiometry Model 

In the Average-Stoichiometry Model, which is currently implemented in BRAGFLO. 
microbial gas generation is represented by the overall reaction: 

1 
-C,H,,O, + unknown + y gas + unknown 
6 

and H2 production due to steel corrosion is described by: 

4 + 2 x  4 - x 1 - x 
Fe + - Hz0 -3 - H? + x Fe(0H)l + - Fe304. 

3 3 3 

The stoichiometric factors x and y in Reaction 10 and 11 are estimated as follows. 

Average-Stoichiometric Factory in Microbial Reaction 

The stoichiometric factor y depends on the extent of the progress of each individual - 
reaction pathway (Reactions 1 through 3). It can be estimated based on the inventory 
estimates of the transuranic waste to be emplaced in the Waste Isolation Pilot Plant 
(DOUCAO, 1996; Drez, 1996). 
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First, we estimate the maximum quantities (in moles) of cellulosics and steels that will be 
potentially consumed in 10,000 years: 

I M,, = min { 6 0 z p ,  I O ~ R ; M ,  i 

with 

where M,,, and MF, are the quantities (in kg) of cellulosics and steels initially present in 

the repository; R is the inundated steel-corrosion rate (piyear);  R,.i and Rm,h are the 

sampled rates of cellulosics biodegradation under inundated and humid conditions 
respectively (mole/kg/year). In Equation (13), we use the factor of 0.141 m o l e l ~ m '  to 
convert steel-corrosion-rate unit from pdyear  to rn~ le /m~/~ea r  (Telander and Westerman, 
1995). Here, we assume that cellulosics biodegradation and steel corrosion both follow zero 
order reaction kinetics. Next, we calculate the average stoichiometric factor y by 
distributing M;, into individual biodegradation pathways. Consider two extreme cases, 

corresponding to the maximum and minimum values of y: (1) no reaction of microbially 
produced CO2 and H2S with steel and steel-corrosion products; (2) complete reaction of 
microbially produced C02 and H2S with steel and steel-corrosion products. 

If no COz or H2S is consumed by reactions with steel and steel-corrosion products, we 
would expect the maximum quantity of microbial gas production in the repository and 
therefore the maximum value for y. We assume that Reactions 1 to 3 will proceed 
sequentially. The maximum value of y can be estimated by averaging the gas-yields for all 
reaction pathways: 

.-. 

where MNo3 and Mso4 are the quantities of NO< and (in moles) initially present in the - repository. 
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If COz or HS reacts with steel and steel-corrosion products, we expect that a significant 
quantity or, perhaps, all of these microbially produced gases would be consumed, thus 
forming FeCO3 and FeS. This would result in the minimum value of y. The total gas 

- 

consumed by those reactions (G) is: 

The minimum value of y can then be estimated by: 

6MN0, 8.4M~03 + % + kLe, - - - 
y .  = 4.8 3 4.8 3 G -- 

"no - Y, 
M:<, 

For each BRAGFLO simulation, y will be uniformly sampled over [y~,, y,]: 

Y=Y," +P(Y, -Y,,) 

with 0 I p < 1.0. The calculational scheme proposed here automatically correlates y with 
waste inventory estimates as well as with reaction rates. 

The above calculational scheme does not take into account the ~ 0 4 ' -  that will be brought 
into repository by brine inflow. Based the previous BRAGFLO simulations for undisturbed 
cases, the total volume of the brine entering the repository in 10000 years is unlikely to be 
larger than 2.2~10' liters, the value corresponding to the case with unrealistically low gas 
generation and therefore the worst repository flooding. With a typical SO: concentration 
of 200 mM in WIPP brines (Brush, 1990). we estimate that the amount of SO:' brought into 
the repository by brine inflow.would be less than 0.4~10' moles. This amount of SO$ will 
increase the fraction of sulfate reduction pathway in total cellulosics biodegradation only by 
less than 1%. Therefore, neglecting the sulfate brought by brine inflow would introduce an 
error of no more than a few percents in y values. 

Average-Stoichiometric FactorX in Steel Corrosion Reaction 

While magnetite (Fe304) has been observed to form on steel as a corrosion product in 
low-Mg anoxic brines at elevated temperatures (Telander & Westerman, 1995) and in oxic 
brine (Haberman & Frydrych, 1988), there is no evidence that it will form at WIPP 
repository temperatures. If Fe304 were to form, it would be expected that Hz would be - 
produced (on a molar basis) in excess of Fe consumed. But, the anoxic corrosion 
experiments did not show the production of HI in excess of Fe reacted. Therefore, we set 
the stoichiometric factor x to 1.0 in Reaction 11. 
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Table 1. GasGeneration Parameters for the Long-Term WIPP Performance Assessment 

Parameter Estimated Value 

Probability of occurrence of significant 
microbial gas generation 

Probability of occurrence of plastics and 
rubber biodegradation in the event of 
significant gas seneration 

Rate of inundated cellulosics 
biodegradation 

Rate of humid cellulosics 
biodegradation 

0.01 - 0.3 mole CkgYyear 

0.0 - 0.04 mole C/kg/year 

Rate of inundated steel corrosion for the . .,.. 

cases without microbial gas generation 0.0 - 0.5 @year' . . 

Rate of humid steel corrosion for the 
cases without microbial gas generation 

Rate of inundated steel corrosion for the 
cases with microbial gas generation 

Rate of humid steel corrosion for the 
cases with microbial gas generation 

Stoichiometric factor x in Reaction 1 1 1.0 

Stoichiometric factory in Reaction 10 calculated from Eqn. (18) 

Factor $ in Equation 18 0 -  1.0 

~ 0 ~ -  initially present in the waste2 2.6~10' moles 

~ 0 4 ~ -  initial present in the waste2 6 . 6 ~ 1 0 ~  moles 

- 1. Multiplying 0.141 molel@m2 will convert the unit of steel corrosion rate from @year 
to rno~e/rn~/~ear (Telander & Westeman, 1993). 2. See Appendix 1.6. 
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- 
Appendix I. Hand Calculations for Estimating Microbial Gas generation Parameters 

Name of person performing the calculations: Yifeng Wang, Jan. 26, 1996 , /Y1'& 
Name of person reviewing the calculations: Larry Brush, Jan. 26, 1996 L 

1.1 Correction for C02 Dissolution in the Brine 

Data and definition of variables: 
TC02: Total CO2 produced in an incubating experiment (moles) 
n: Measured COz in headspace (moles) 
CI: Dissolved CO2 (moled) 
V1: Brine volume = 0.104 (1) (Gillow, per. comm.) 
V,: Headspace volume 0.046 (1) (Francis & Gillow, 1994) 
P: Partial pressure of COz (am) 
K: Partition coefficient of CO2 between brine and gas phase = 0.01 (moleNatrn) 

(Telander & Westerman, 1995) 
R: Gas constant = 0.082 (l*atm/mole/K) 
T: Temperature = 303.15 (K) 

Assumption: Gaseous COz approximately follows the idea gas law during these 
experiments. 

Calculations: 
TC02 = V,*Cl+ n = K*P*VI + n = K*V,*n*R*TNg + n = (K*VI*R*TNg + l)*n = 

(0.01*0.104*0.082*303.15/0.046 + 1)*n = 1.56*n (moles). 

1.2 Estimate of the Maximum Inundated Cellulosics Biodegradation Rate 

Data: 
Source: Francis et al. 1995, p. 41, 148-149. 
Experimental conditions: anaerobic inoculated, 

nutrients and nitrate amended 

We only take the linear part of CO2 vs. time curve: 

time CO2 
69 days 6.1 pmoWg of cel. , 

41 1 days 163 pmoWg of cel. 
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Calculations: 

(1) Rate = (163 - 6.1)/(411 - 69) = 0.459 micro-moleslglday = 0.168 molelkglyear. 
(2) Correcting it for dissolved COz (see I. 1). we finally have: 

maximum rate = 0.168* 1.56 = 0.3 molekdyear. 

1.3 Estimate of the Minimum Inundated Cellulosics Biodegradation Rate 

Data: 
Source: Francis et al. 1995, p. 148-149. 
Experimental conditions: anaerobic, inoculated only, 

time Coz 
0 days 2.1 p.mol/g of cel. 
1034 days 14.0 poWg of cel. 

Calculations: 
(I)  Rate = (14.0 - 2.1)/(1034 - 0) = 0.01 15 pnollglday = 0.004 molekg/year. 
(2) Correcting it for dissolved C02 (Appendix Ll), we finally have: 

minimum rate = 0.004*1.56 = 0.01 molelkglyear. 

1.4 Estimate of the Maximum Humid Cellulosics Biodegradation Rate 

Data: 
Source: Francis et al. 1995, p. 80. 
Experimental conditions: anaerobic, inoculated only; 

anaerobic, inoculated and amended 

time CO2 
6 days (7.7 + 13.3)12 = 10.5 pnoWg of cel. 
415 days (83.1 + 28.8)/2 = 56 pnoWg of cel. 

Calculations: 
Maximum rate = (56 - 10.5)1(415 - 6) = 0.1 1pnoWglday = 0.04 molelkglyear. 
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1.5 Convert Plastics and Rubbers to the Equivalent Quantity of Cellulosics 

Data: 
Source: Molecke (1979) 
Celllulosics: C6HI0o5 M. W. = 162 @mole 
Polyethylene: (-C&-)n M. W. = 28 @mole 
Polyvinychloride: (-C2H3CI-)n M. W. = 62 @mole 
Neoprene: (-C&C1-)n M. W. = 88 @mole 
Hypalon: . (-(C~HI~CI)IZ-(CHS~~CI)I~-]~ M. W. = 3488 g h o l e  

Assumption: 
Plastics: 80% polyethylene, 20% polyvinychloride 
Rubbers: 50% neoprene, 50% hypalon 
Based on Molecke (1979). 

Calculations: 
The P kilograms of plastics and R kilograms of rubbers are equivalent to the Q 
kilograms of cellulosics, based on carbon equivalence: 

-, 

Q = (0.8*2*162/28/6 + 0.2*2*162/62/6)*P + (0.5*4*162/88/6 + 
0.5* 10 1 * 162/3488/6)*R = 1.7 P + R (kilograms) 

1.6 Moles of NO< and ~ 0 4 ' -  Initially Present in the Waste 

NO? : 1 . 6 2 ~ 1 0 ~  kg (Drez, 1996) = 1000162*1.62~10~ = 2.6~10' moles 
: 6 . 3 3 ~ 1 0 ~  kg (Drez, 1996) = 1000/96*6.33~10~ = 6 . 6 ~ 1 0 ~  moles 
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Appendix 11. Hand Calculations for Estimating Steel Corrosion Parameters 

Name of person peg%rming the calculations: Yifeng Wang, Jan. 26, 1996 
Name of person reviewing the calculations: Larry Brush, Jan. 26, I996 

11.1 Estimate of the Maximum Inundated Steel Corrosion Rate for the Cases without 
Microbial Gas Generation 

Data: 
(1) Anoxic corrosion rate obtained from the 12th to 24th month experimental data = 

0.71 @year (Telander & Westerman, 1993, p. 6-14). 
(2) Scaling factor for the long-term rate = 70% (Telander & Westerman, 1995, p. 6 - 

19). 

Calculation: 
The maximum long-term steel corrosion rate = 0.71*70% = 0.5 pdyear. 

11.2 Estimate the Maximum Inundated Steel Corrosion Rate for the Cases with Microbial 
Gas Generation 

Data: 
5 3 Total transuranic waste volume: 1 .5~10  m (DOYCAO, 1996) 

Drum volume: 0.208 m3 (DOEICAO, 1996) 
Surface area of steel: 6 m2/drum Brush. 1995) 
Maximum cellulosics biodegradation rate: 0.3 molekglyear (Appendix 1.2) 
Maximum inundated steel corrosion rate for the cases without mcrobial gas 

seneration: 0.5 urnlvear. i . . 
Total cellulkcs (including plastics and rubbers): 2 . 1 ~ 1 0 ~  kg (DOYCAO, 19 

Appendix 1.5) 
NO< initially present in the waste: 2.6~10' moles (Appendix 1.6) 

initial present in the waste: 6 . 6 ~ 1 0 ~  moles (Appendix L6) 

Assumption: 
Reactions 8 and 9 will be limited by microbial C02 and H2S production rate. 

Calculations: 
(1) Number of drums = 1.5x10~/0.208 = 7.2~10' drums. 
(2) Total moles of C in cellulosics = 6*2.1~10~*1000/162 = 7 . 7 4 ~ 1 0 ~  moles of C. 
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Molar fraction of cellulosics biodegraded via denitrification = 
2.6x10~I7.74~10~ = 3%. 

Molar fraction of cellulosics biodegaded via sulfate reduction = 
6 . 6 ~ 1 0 ~ n . 7 4 ~ 1 0 ~  = 1%. 

(3) Maximum COz and H2S production rate for the whole repository = (0.03 + 
1.5*0.01 + 0.5*0.96)*0.3*2.1~10~ = 3 . 3 ~ 1 0 ~  moles COUyear. 

6 2 (4) Total steel surface area = 6*7.2x105 = 4.32~10 m . 
(5) The maximum rate of steel corrosion via Reactions 8 and 9 = 3.3x10~/4.32~10~ = 

0.8 mole ~ e / m ~ / ~ e a r  = 6 pdyear. 
(6) The upper limit of inundated steel corrosion rate for the cases with microbial gas 

generation = 0.5 + 6 = 6.5 pdyear. 
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Sandia National Labpratories . 
* t  ,Jf7 '*A# '4 , 

Albuquerque. New Memso 871 85-1 341 ,- 
date: March 13, 199 

k:fi, 
%, , * 

6751 MS 1341 

subject: Brine-Waste contact volumes for scoping anal 
concentration 

You requested information on the ,volume of brine required in the repository prior 
to  possible release, for the purpose of estimating bounds to  the possible 
concentration of organic ligands. 

I have discussed your question with Palmer Vaughn and Peter Swift, and suggest 
the following. 

In general, assume that a 75% brine saturation is required in any unit volume of 
waste prior t o  releases being possible up an intrusion borehole. It is considered 
that this is a lower but still reasonable value, in that such a high gas saturation 
(25%) would likely segregate brine near the base of any region intersected by a 
borehole and effectively prevent upward flow. In other words, higher saturations 
would likely be required to  initiate and sustain flow upward through a borehole, 
but can't be proven at this time given your need for immediate information on this 
subject. 

There are two  time scales that you should be aware of with respect to  brine 
contacting waste. In the long-term and for undisturbed conditions, it is 
reasonable and the project position that no barriers constructed within the 
repository will be effective in isolating regions from fluid flow. 

In the short time frame, perhaps up to  two hundred years, panel closures, or 
closures on other scales such as the room scale (if constructed), will be relatively 
effective in isolating the intersected, closed off volume from the rest of the 
repository volume. This is especially true if boreholes are assigned high 
permeabilities in PA. High permeability boreholescould allow saturation wi th 
Castile brine of intruded waste regions because flow into them could occur more 
rapidly than flow through closures would drain the intruded area. Because a 
project position on borehole properties has not been established, I cannot 
speculate further. 

In the following table, I present excavation volumes, and consolidated void 
volumes for several divisions of the repository. These volumes are taken from or 
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calculated based on [ I  1 Sandia WlPP Project, (1 992, V. 3, 3-4) and 121 Freeze et - 
al., (1 995, 2-7 to 2-8). 

' assumes no gas generation, a bounding case 
excluding panel closure volume 

Scale 

room 

exterior 
panel 

waste 
region 

References: 

Freeze, G.A., Larson, K.W., and Davies, P.B., 1995. A Summary of Methods for 
Approximating Salt Creep and Disposal Room Closure in Numerical Models of 
Multiphase Flow. CENT.-0251. Albuquerque, NM: Sandia National Laboratories. - 

Excavated 
Volume rn3 

3644. 111 

46100. 111 

420881.' 
(11 

Sandia WlPP Project, 1992. Preliminary Performance Assessment for the Waste 
Isolation Pilot Plant, December 1992. CENT.-0700/3. Albuquerque, NM: Sandia 
National Laboratories. 
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R.F. Weiner 6751 MS 1341 
P. Swift 6751 MS 1341 

Room 
Equivalents 

1 

12.65 

116 
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Consolidated 
Porosity' 

0.22 121 

0.22 I21 

0.22 [21 

Consolidated 
Void Volume 
m3 

343. [21 

4339. 

39788. 

Brine Volume 
(saturation) m3 

257. (75%) 

3254. (75%) 

29841. (75%) 


