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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 proper context of the attachment(s)
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superseded.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.
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1 ‘WCA.1 INTRODUCTION
2
3 WCA.1.1 Scope
4
5 The objective of this appendix is to satisfy the requirements specified in 40 CFR 194.24(b):
6
7 40 CFR 194.24(b} The Department shall submit in the compliance certification
8 application the results of an analysis which substantiates:
9 (1) That all waste characteristics influencing containment of waste in the disposal
10 system have been identified and assessed for their impact on disposal system
11 performance. The characteristics to be analyzed shall include, but shall not be limited
12 to: solubility; formation of colloidal suspensions containing radionuclides; production
13 of gas from the waste, shear strength; compactability; and other waste-related inputs
14 into the computer models that are used in the performance assessment.
15 (2) That all waste components influencing the waste characteristics identified in
16 paragraph (b){1) of this section have been identified and assessed for their impact on
17 disposal system performance. The components to be analyzed shall include, but shall not
18 be limired to: metals; cellulosics; chelating agents; water and other liquids,; and activity
19 in curies of each isotope of the radionuclides present.
—~20 (3) Any decision to exclude consideration of any waste characteristic or waste
1 component because such characteristic or component is not expected to significantly
22 influence the containment of the waste in the disposal system. o
23 S
24 This appendix identifies those waste components and waste characteristics that can influence the .. o
25 containment of waste and that are included as inputs to the computer models and codes used i§ 5 ' 7
26 performance assessment. Waste components are the elements that make up the waste (for H W Eia /
27 example, radionuclides, paper and other cellulosic materials, steel drums that contain the waste,%"“--.n-‘v-""~
28 solidified organic and inorganic shudges, etc.). These components have characteristics with the
29 potential to impact disposal system performance. For example, paper is a component of the
30 waste and a nutrient for microbes in the repository. The property of the paper to act as a
31 substrate for microbial gas production is a characteristic of the paper. Microbes metabolizing
32 paper will produce CO,, methane, and other gaseous metabolic products, which can increase the
33 pressure in a waste panel and potentially impact the performance of the repository.
34
35 This appendix represents a step in the process of using sensitivity analysis to specify limiting
36 values and associated uncertainties in the waste characteristics and components as required in 40
37 CER Part 194.24 (c¢). Initial evaluations, based on previous sensitivity analyses, calculations
38 related to features, events, and processes (FEPs) (Appendix SCR), and reasoned arguments, have
39 identified those waste characteristics that are included or excluded from performance assessment.
40 These preliminary evaluations will be refined once sensitivity studies with the final performance
41 assessment (PA) model for the Compliance Certification Application (CCA) are completed.
r—1

DOE/CAO 1996-2184 WCA-1 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) to comply 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.1.2.1 Initial Estimate of Significant 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 WIPP 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

October 1996 WCA-2 DOE/CAQ 1996-2184
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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.1.2.2 Impact of 40 CFR Part 191 on Ildentification 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 radionuclides by dissolution of waste added actinide solubility to microbial gas
generation and corrosion as a characteristic to be considered, as well as the characteristics that
affect solubility, like complexants and pH and redox determinants. Carbon dioxide generation
was a characteristic 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.1.2.3 Interaction of Performance Assessment and Identification of Significant 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,

DOE/CAQ 1996-2184 WCA-3 October 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:

(1) Estimates of brine inflow from the 1989 performance 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 turn,
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.

(2) 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.

(3) 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.

(4) 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.

(5) 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 chemica! 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.

(6) 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.

October 1996 WCA-4 DOE/CAO 1996-2184



N=Re R e Y R

[\ O o B Yo T SN TS (S U, [ O UL R O I N o B I I o N R =~ + - IS B« B U, W - N Ve R o B o)

Title 40 CFR Part 191 Compliance Certification Application

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.

Section WCA.5.0

Nonradioactive Waste Components and Characteristics

Section WCA.5.0 has four subsections: subsection WCA.5.1 discusses components and
characteristics affecting gas generation; subsection WCA.5.2, those affecting mechanical

properties of the repository; and subsection WCA.3.3, those affecting heat generation.

Section WCA.6.0

Section WCA.7.0

Section WCA.R.0

DOE/CAO 1996-2184
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WCA.1.4 Terminology

WCA.1.4.1 Terms Used to Refer to Radioactive Materials S
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 10° curies (TWBIR;
USDOE 1996), and the release limit for Pu-239 is 407 curies, so the number of EPA units is
calculated as:

7.95%10° 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-1, a
copy of Table | 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

October 1996 WCA-6 DOE/CAO 1996-2184



Title 40 CFR Part 191 Compliance Certification Application

Table WCA-1. Table 1 of Appendix A, 40 CFR Part 191

(oo B e NV RN

o

11
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16
17
18
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/‘hﬂo
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36

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

Americium: Am-241 or -243 100 407

Carbon: C-14 100 407

Cesium: Cs-135, or-137 1,000 4,070

Iodine: I-129 100 407

Neptunium: Np-237 100 407

Plutonium: Pu-238, -239, -240, or -242 100 407

Radium: Ra-226 100 407

Strontium: Sr-90 1,000 4,070

Technetium: T¢-99 10,000 40,700

Thorium: Th-230 or -232 10 40.7

Tin: Sn-126 1,000 4,070 A

Uranium: U-233, -234, -235, -236, or -238 100 407

Any other a-emitting radionuclide with a half-life greater 100 407

than 20 years

Any other radionuclide with a half-life greater than 20 years 1,000 4,070

that does not emit & particles

*  In Appendix A of 40 CFR Part 191, this column is in terms of metric tons heavy metal (MTHM), and the

equivalence to curies of TRU is presented in Footnote e 1o 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__(_2__1;+9_2; o | = § Q; < { 1 with a probability of 0.1 }
ofL L, i1 f,L. 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, Q; is the
cumnulative release for radionuclide 7 under scenario j, L, 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).

DOE/CAO 1996-2184 WCA-T
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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 solubsility 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:

e alist of the waste characteristics retained as a result of the analysis,

e alist of the waste components influencing these characteristics,

» identification of specific waste-related inputs to computer models,

e alist of all waste characteristics and components that were considered and excluded.

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.

October 1996 WCA-8 DOE/CAQ 1996-2184
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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 radioactivity in used in AM?241 EPAREL 31,3.2
curies of each curies of each calculating CM245 ATWEIGHT
isotope isotope normalized NP237 INVCHD
releases C5137
TH229
RA226
U238
PU239 i
PU240, etc £ B
TRU radioactivity ~ o-emitting TRU  determines waste ~ AM241 HALFLIFE %.1 O
at closure radionuclides, unit factor CM245 ATWEIGHT \"*\;\‘ ’ ‘,4
t,» > 20 years NP237 INVCHD o
PU238 INVRHD
PU239
PU240, etc
solubility radionuclides actinide mobility SOLAM3 OXSTAT 4.1
SOLPU3 SOLSIM
SOLPU4 SOLCIM
SOLU4 LOGSOLM
SOLTH4
SOLUBS, etc*
CS
RA
SR
colloid formation radionuclides, actinide mobility PHUMOX3, PHUMCIM 4.2
cellulose, soils, etc* " CAPHUM
plastics, rubber AM CAPMIC
NP CONCINT
PU CONCMIN
U etc PROPMIC
redox state radionuclides actinide mobility U+6, U+4 MKD_U 4.1
PU+3, PU+4 MKD_PU
TH+4, MKD_TH
AM+3 MKD_AM

* The material and parameter names given here are examples only.

DOE/CAQD 1996-2184
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Table WCA-2. Table of Waste Characteristics and Components Used in Perforn;‘ai;ih

I
2 Assessment: Characteristics Expected to Have Significant Effect on
3 Disposal System Performance (Continued)
4
5 Characteristic Component Effect on INGRES* INGRES* Section of
Performance Material Parameter WCA
Name Name
(App. PAR) (App. PAR)
6 redox potential ferrous metals actinide oxidation = STEEL STOIFX 4.1.1
state; actinide REFCON ASDRUM
mobility DRROOM
7 gas (H,) generation  ferrous metals increase in H, STEEL STOIFX 412,51
pressure REFCON CORRMCO?2
HUMCOR
ASDRUM
DRROOM
8 microbial cellulose increase in gas WAS_AREA GRATMICI 4.1.2,5.1
9 substrate: CH, pressure GRATMICH
10 generation
11 microbial plastics, rubber increase in gas WAS_AREA PROBDEG 412,51
12 substrate: CH, pressure
13 generation
14 particle diameter solid waste spalling release BLOWOQUT PARTDIA 52
components
15 microbial nutrients:  sulfates increase in gas SULFATE QINIT 5.1
16 CH, generation pressure
17 microbial nutrients:  nitrates increase in gas NITRATE QINIT 5.1
18 CH, generation pressure
19 compressibility and  solid waste effect on creep WAS_AREA COMP_RCK 52
20 shear strength components closure, cuttings,
caving, spalling
21 *The material and parameter names given here are examples only
22

October 1996 WCA-10 DOE/CAQ 1996-2184
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Table WCA-3. Table of Waste Characteristics and Components Used in Performance
Assessment: Characteristics Expected to Have A Negligible Effect on

Disposal System Performance

Characteristic Component Effect on Performance  INGRES* INGRES=* Section
Material Parameter of WCA
Name Name
permeability solid waste negligible effect on brine  WAS_AREA PRMX_10G 52
components movement, gas storage; PRMY_LOG
see 2.4.1, SCR PRMZ_LOG
2.3.8.1%%*
porosity solid waste negligible effect on brine WAS_AREA  SAT_WICK 52
components movement, see SCR POROSITY
2.3.8%%*
microbial nutrients,  sulfates negligible: MgO reacts SULFATE QINIT** 4.1.2
CO, generation with CO, )
microbial nutrients,  nitrates negligible: MgO backfill NITRATE QINIT** 4.1,5.1
CO, generation reacts with CQ,,
microbial cellulose negligible: MgO backfill WAS_AREA GRATMICI 4.1.2,
substrate: CO, reacts with CO, GRATMICH 51
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 532
waste generation
*  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 Y
N
S e f fj
‘\.,;ﬁ,wﬂ’,.»’
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Kﬁu«.;«»‘
1 Table WCA-4. Table of Waste Characteristics and Components Not Used in
2 Performance Assessment
3
4 Characteristic Component Effect on Performance Section of Section
SCR*** of WCA
5 cellulose radiolysis radionuclides negligible effect on total CO, 224 i
6 explosivity other organic compounds  none 233
7 brine radiolysis radionuclides negligible effect on actinide 25.1.3.1 ik
valence
8 galvanic action nonferrous metals negligible 25121 *x
9 complexation with so0il and humic material* actinide mobility w* 413
10 actinides*
i1 buffering action* cement* negligible: reacts with CO, and 2545 4.1.2
MgCl,
12 heat of solution cement negligible 2357 **
13 Ca™ binding to cement negligible compared to other 2545 4.1.3
14 organic ligands metals
15 binding to organic ferrous metals* can reduce actinide mobility ** 413
16 ligands™®
17 buffering action* ferrous metals* actinide mobility ** 4.1.2
18 galvanic action ferrous metals negligible 25.1.2.4, e
274
19 binding to organic ferrous alloy can reduce actinide mobility w* 413
20 ligands* components*
21 redox reactions nonferrous metals - negligible compared to iron *E 4.1.1
22 binding to organic nonferrous metals* can reduce actinide mobility ek 413
23 ligands*
24 complexation with organic ligands negligible ** 413
25 actinides
26 gas generation Al and other nonferrous negligible relative to steels ** 5.1
metals
27 microbial nutrients,  phosphates negligible because MgO backfill ~ ** 4.1.2
28 CO, generation reacts with CO,
29 microbial nutrients:  phosphates* negligible *E 5.1
30 CH, generation
31 heat generation RH-TRU negligible SCR22.2, 532
237,238.1
32 electrochemical sulfate, nitrate, negligible SCR2.74 **
33 processes phosphate
34 Waste characteristics and components that influence performance indirectly-—by influencing components and characteristics listed in Table
33 WCA-2. ‘
36 **  The waste characteristics and components in the table are either discussed in a section of this appendix or are the subject of a FEP.
37 ***  Appendix SCR

October 1996
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Organic Ligands
Cementitious Materials

N
COMPONENT CHARACTERISTIC PERFORMANCE ASSESSMENT
CODE
Radioactivity
Solubility -
: li S Colleid Formation e
Radionuclides Rtedox State T CCDF:Eff.
T
EPA Unit | cuTTINGS_S
PANEL -
! Radionuclides
. Steel
Cellulose i
’ Plastics SOIL:(bImy
| Rubber d

NUTS *_i -—| SECOTP

Coer”
Rubber Foermation
Soil :

Cellulose ) .
Plastics
Rubber Gas Generation K [ BRAGFLO |
Steel
nitrates
sulfates
‘ Porosity
Cement Compactibility
AY Solid Components Permeability CUTTINGS
Shear Strength
I
2 TRI-6342-4701-0
_— 3
4 Figure WCA-1. Waste components, the associated waste characteristics, and a
5 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 cuttings/caving model, which uses waste stream level data fo 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, 0.3112 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. L

Radionuclide content will be evaluated in 2033, when the WIPP is decommissioned. Stored i
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. ™=~
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.

DOE/CAO 1996-2184 WCA-15 October 1996
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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 c-emitters with a
half-life greater than 20 years, while the CCDF is based 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 B-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 10° 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.

October 1996 WCA-16 DOE/CAO 1996-2184
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Renormalize BIR Waste Stream - Derive Activity Loading From
BIR Waste Stream Level Data I_.' Data to Site Leve! Data Renormalized Data

PA Code CUTTINGS_S:

Direct Release of
Cuttings, Caving

Site Level Data
(Stored TRU from 1970)

Y

Convert Undecayed Values to
Decayed Values at Common Year

ite X: 1970 —— -

Site X e s Determine Total WIPP Inventory _ Undisturbed Case
1872—» 1995 —® Based on Stored, Projected, and ] Direct Release of Spalling
5 : Scaled-up Waste to WIPP Capacity. Direct Release of Brine

Subsurface Releasse

»

1994 - .. 3w 1995

Performance
Assessment Database

TRI-6342-4703-0

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 cattings and
cavings.
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TWBIR Radionuclide Inventory

TRU
Nuclide NO
?
YES
Not included
Alpha In Waste Unit
Emitter NO Factor
? A
YES
T ,,>20Years? NO

YES

Y

Include in Waste Unit Factor

TRI-6342-4704-0

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
(years) {curies)

Am-241 4327 448 % 10° 11.0
Am-243 7370 326 8.01 x 10
Cf-249 351 0.687 1.69 x 10
Ct-251 500 3.78 x 107 9.28 x 10
Cm-243 29.1 101.7 250 % 107
Cm-245 8500 115 2.82 x 107
Cm-246 4760 0.102 251 x 10°
Cm-247 1.56 x 10/ 321 x 107 7.88 x 10
Cm-248*% 348 x 10° 0.0369 9.1x 107
Np-237 2.14 x 10° 56.4 1.39 x 10°
Pu-238 87.7 2,61 x 10° 64.1
Pu-239 241 x 10 795 % 10° 19.5
Pu-240 6560 215 x 10° 5.28
Pu-242 375x 10° 1170 287 x 107
Pu-244 8.0 x 107 1.50 x 10 3.68x 10"
TOTAL 4.07 x 10° "

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

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 (b) 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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e
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
mncrease 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 carnes 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 moles/liter will be U-238,
even though 90 percent of the radioactivity will not be U-238. This phenomenon is illustrated for
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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RADIONUCLIDE
INVENTORY

Called Out in

Appendix A ;
able 1?7
YES
by
-y YES 20Years?
NO
Progeny
o} —————— YES with t ,,, NO
20 Years
EPA Unit EPA Unit >0.00% NO el NOT INCLUDED IN
>0.001? after in growth? PERFORMANCE
ASSESSMENT
YES YES
{ |
DIRECT RELEASE DIRECT RELEASE LONG-TERM
BY CUTTINGS, IN BRINE GROUNDWATER
CAVING, AND )
SPALLING. Pu 238, 239, 240, 241, 242 RELEASE:
Pu 238, 239, 240, 241 Am 241,243 Pu 239, 240, 242
Am 241 U 233, 234, 235, 236, 238 Am 241
LSJ rzgg. 234 Th 229, 230, 232 U 233, 234
Cs 137 Np 237 Th 229, 230
Cm 244 tm 243, 244, 245

TRI-5342-4705-0
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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1 Table WCA-6. Radionuclides Included
2
3 Radionuclide Inventory at EPA Unit at EPA Unit at Releases
gl:)ls_;:; Closure®** 10,000 Years Cutting/ Direct Brine Culebra
Cavings/ Release Release
Spall
Release
4 Pu-238 2.61 % 10° 6416 ' 0.00** X X -
5 Pu-239 7.95 x 10° 1954 1464 X X
6 Am-241 448 x 10° 1101 0.13 X X
7 Pu-240 215 x 10° 528 183 X X
8 Cs-137 2.24 x 10° 55.0 0.00 X - --
9 Sr-90 2.16 x 10° 53.0 0.00 X - -
16 11-233 1.95x 107 479 4.59 X X c
11 U-234 508 x 10° 1.25 3.45 X x X
12 Th-230 0.0882 217 x 10° 299 - X X
13 Pu-242 1.17 x 10° 2.88 282 - X c
14 Th-229 2.997 7.36 x 107 2.86 - X c
15 Np-237 58.95 0.145 0.41 - X --
16 Cm-245 1.15 x 108 0.28 0.13 - b -
7 Ra-226 11.6 0.029 0.23 - - -
18 Cm-243 52.22 0.13 0.00 - X -
19 U-238 50.1 0.12 0.12 - X -
20 U-236 0.43 1.06 x 107 0.10 - X -
21 Am-243 32.6 0.08 0.03 - % --
22 U-232 25.8 0.0634 0.00 -- - -
23 U-235 17.4 0.0428 0.06 - % -
24 C-14 12.9 0.03 0.01 - - -
25 Th-232 1.006 0.0248 0.02 - X --
26 Pb-210 2.55 6.27 x 10° 0.023 -- -- -
27 Pa-231 0.453 1.1x10° 1.08 x 107 - - -
28 Ac-227 0.61 1.5%10° 1.5x 107 - X -
29 Cm-248 0.090 22 x10% 2.2 x10* - X -
30 Pu-241 245 % 10° * * X X --
31 Cm-244 318 x 1¢° * * X X —
32 % of EPA Units at closure represented by nuclides in source term 99.96% 93.93% 35.48%
33 % of EPA Units at 10,000 vears represented by nuclides in source term 99.41% 99.98% 99.76%
34
35 *  Pu-241 and Cm-244 are not regulated by 40 CFR Part 191, but are included because their daughters, Am-241 and
36 Pu-242, respectively, are significant to PA. _ R
37 ** Pu-238 (t,,, = 87.8 years) dominates the initial EPA unit but will have decayed away, even with some ingrowth,
38 by 10,000 years.
39 ***The EPA units in this column are accurate. Calculating EPA units from the inventory may produce rounding
=40 errors
1 x indicates an isotope included in the source term
+2 c indicates nuclides that are carried during transport with an isotope having similar characteristics
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Table WCA-7. Activities and EPA Units of Uranium Isotopes

Radionuclide Curies Half - Life Moles % of Total % at
Emplaced {y7) 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 7.04E8 3.43E4 518 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 borehole 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 m’. 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 1s 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 10® 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:

e 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

A large number of radionuclides were not included in any source termn because they did not ) S P
survive the screening process outlined in Figure WCA-4, Table WCA-8 lists those excluded i S B Y
radionuclides that have not already been discussed, and indicates the reason for their exclusion.\@//

Table WCA-8. Radionuclides Excluded From All Source Terms

PR
i

E

E

}

]

b i

e

TR

Radionuclide Reason for Exclusion

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

With Short t,.* Ingrowth
H-3 NA X NA
Cr-51 X NA NA
Mn-54 x NA NA
Fe-55 X NA NA
Co-58 X NA NA
Fe-59 X NA NA

DOE/CAQO 1996-2184
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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
Ni-59 NA** X NA
Co-60 NA X NA
Ni-63 NA X NA
Zn-65 X NA NA
Se-79 NA X NA
Kr-85 X NA NA
Sr-89 X NA NA
Y-90 X NA NA
Zr-93 NA X NA
Nb-95 % NA NA
Zr-95 X NA NA
Tc-99 NA X NA
Rh-106 X NA NA
Ru-106 X NA NA
Ag-109m X NA NA
Cd-109 X NA NA
Ag-110 X NA NA
Pd-107 NA X NA
Cd-113m X NA NA
Sn-119m X NA NA
Sh-125 X NA NA
Te-125 X NA NA
Sn-126 NA X NA
Sb-126m X NA NA
Te-127 X NA NA
Te-127m X NA NA
I-129 NA X NA
Cs-134 X NA NA
Ba-137m X NA NA
Ce-144 x NA NA
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Table WCA.8. Radionuclides Excluded From All Source Terms (Continued)

N e e . T 5 T N

10
11
12
13
14
~]13
6
17
18
19
20
21
22
23
24
23
26
27
28
29
30
31

Radionuclide Reason for Exclusion
Short t,, and Progeny Small EPA Unit Negligible®*
With Short t. * Ingrowth

Pr-144 X NA NA
Sn-121m NA X NA
Gd-150 NA X NA
Sm-151 X NA NA
Eu-152 X NA NA
Eu-154 X NA NA
Eu.155 X NA NA
Ta-182 X X NA
T1-207 X X NA
TI-208 X X NA
TI-209 X NA NA
Pb-209 X NA NA
Pb-210 NA X NA
Pb-211 X NA NA
Pb-212 X NA NA
Ac-227 x X NA
Ra-225 X NA X

Ra-228 X NA NA
Pa-231 NA X NA
Pa-233 b3 NA b

Pa-234 x NA X

Pa-234m X NA X

Th-231 X NAa X

Np-238 b3 X X

Np-239 X NA X

Np-240m X NA X

Pu-243 NA X NA
Cm-246 NA X NA
Cf-249 NA X NA
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Table WCA-8. Radionuclides Excluded From All Source Terms (Continued)

¥
\

Radioenuclide Reasen for Exclusion
Short t,, and Pregeny Small EPA Unit Negligible**
With Short t,* Ingrowth
Cf-251 X X NA
Cf-252 X NA 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.

**¥N A indicates that the column heading does not apply to the particular isotope.

WCA4 CHARACTERISTICS OF 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
will be released with circulation of drilling mud, radionuclides are mobilized for transport from
the repository either in brine or as colloidal particies 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.

1
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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 radionuctides 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 10° M to about 103
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 (III 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 1s 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
Fe’* (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.

DOE/CAQO 1996-2184 WCA-31 October 1996
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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; Felmy et al. 1996; Rai and Strickert 1980; Rai et al. 1982; Kim et al. 1985,
Pryke and Rees 1987; Nitsche and Edelstein 1985):

e thorium: +IV

e uranium: +IV and +VI

e neptunium: +IV and +V
o plutonium: +III and +IV
s americium; +III

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
(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):

CH, 0, + 4.8H* + 4.8NO, -~ 7.4H,0 + 6CO, + 2N,
CH 0 + 6H" + 4.850, ~ SH,0 + 6CO, + 3H,S
C6H1005 + Hzo - 3C02 + 3CH4

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. piastics, 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 10° 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,:
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1 Mg(OH), + CO, = MgCO, + H,O.

2

3 The above reaction will buffer the pmH at approximately 9.4 in Salado brine and 9.9 in Castile
4 brine and CO, fugacity at 107 (atm) for both brines. Actinide solubility calculated for the brine
5 in equilibrium with Mg(OH), and MgCQO, is minimal (Appendix SOTERM.3).

6

7 Cementitious waste (that contains calcium oxide) could also be expected to raise the pH, and the
8 waste is currently estimated to contain about a total of 8.54 x 10° kg cementitious material

9 (Section WCA .8.13). This amount of cementitious material contains about 8 x 10° moles of
10 Ca(OH),. However, this amount of Ca(OH), will be not enough to affect pH or brine composition
1 significantly. It is shown that Ca(OH), will be consumed easily by reaction with microbial

12 generated CO, or with MgCl, in the Salado brine and thus the repository chemistry will be
13 dominantly controlled by the Mg(OH), / Mg CO; buffer, rather than the Ca(OH), / CaCO, buffer

14 (Sections WCA.8.9 and WCA.8.10). Because the excess of MgO will be added, other T

15 components of the waste are unlikely to affect the pH in important ways. ;’“ L '

16 :

17 WCA.4.1.3 Waste Components That Directly Enhance Solubility

13

19 A number of organic compounds are capable of forming strong complexes with actinide ions,
—20 thereby stablizing the actinide in the solution. The TWBIR (USDOE 1996) initially identified

1 about 60 organic compounds in the waste (Drez and James-Lipponer 1989; Brush 1990; Section

22 WCA.8.11). Four of these (acetate, citrate, oxalate, and EDTA) have been identified to have an

23 effect on actinide mobility, because they are water-soluble and present in significant quantities

24 (WCA.8.11).

25

26 Ligand concentration in the repository was estimated using inventory amounts of ligands and a

27 brine volume equal to 75 percent of the total repository volume of 29841 m*—the minimum

28 brine for significant brine release to occur (Section WCA.8.12). The ligand concentrations are

29 estimated to be: acetate : 8 x 10 M; oxalate : 2 x 107 M; citrate: 4 x 10 M; and EDTA: 2 x
30 10 M (Section WCA.8.12; Appendix SOTERM.5).

31
32 The effect of these organic ligands on the solubility of actinides in both Salado and Castile brines
33 has been studied, and is discussed in detail in Appendix SOTERM.6. Modeling predicts that for
34 the amount of these complexants expected to be emplaced in the repository, the concentration of
35 americium and plutonium in solution is increased by less than 18 percent in the simulated Salado
16 brine; in this brine, about 88 percent of the EDTA, 98 percent of the oxalate, 74 percent of the
37 acetate, and 65 percent of the citrate is bound with Mg. In simulated Castile brines, which have
38 much lower Mg concentrations, modeling predicts increases of americium and plutonium
39 concentrations less than a factor of 8. Even so, about 40 percent of EDTA 1s bound with Mg
40 {Novak and Moore 1996; Appendix SOTERM.6).
41

42 To estimate the effectiveness of other metals in binding organic ligands and thereby reducing the
13 free ligand concentrations, some simple competition calculations were performed using
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parameters obtained in dilute solutions, because parameters for concentrated salt solutions 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 10° moles of steels destined to be disposed of in the WIPP, there should be at least 1 x
10* moles of each of Ni, Cr, V, and Mn in the repository (Appendix SOTERM). There are also
expected to be more than 6 x 10" 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 NaCl, the magnesium
association constant is log Ky, = 6.6 (Martell and Smith 1982).

Table WCA-9. Complexation Constants for Selected Metals*

IR

Species log K f§
Fe™ 14.3 |
Cr* 13.6
Ni** 18.4
Mn™ 139
YV 12.7
Cu* 18.9
Pb* 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
nonradicactive 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. Exarnples of polymeric species of many of the actinides of importance to the
WIPP have been found in the literature (see Papenguth and Behi 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 any impact on performance. Pu(IV) readily forms an intrinsic colloid; evidence
suggests that the initial polymerization, or condensation, of hydrolyzed Pu(IV) 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 10” 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 P
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 10 to about 6.3 in Castile brine and from about 5.3 x 107 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.

WCA.S NONRADIOACTIVE 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 + 2H,0 - Fe (OH), + Hy(g)
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Table WCA-10. Colloid Concentration Factors

Concentration Concentration Proportion Maximum  Proportion Sorbed on  Maximam

on Mineral as Intrinsic Sorbed on Sorbedon  Humics** Sorbed on

Fragments* Colloid* Microbes**  Microbes* Humics*

Salado Castile

Th 2.6 x 10 0.0 3.1 0.6019 6.3 6.3 1.1 % 107
uavy  2.6x10® 0.0 0.0021 0.0023 6.3 6.3 1.1 %107
Uuvh 2.6 x 107 0.0 0.0021 0.0023 0.12 0.51 1.1 x10°
Np(IV) 2.6x 10* 0.0 12.0 0.0027 6.3 6.3 1.1 x 107
Np(V) 26x 107 0.0 12.0 0.0027 91x10* 7.1x10° 1.1x10°
Pu(lll} 2.6x 10° 0.0 0.3 6.8 x 107 0.19 1.1 1.1 x 107
Pu(IV) 2.6x10°% 1.0 x 107 0.3 6.8 x 107 6.3 . 6.3 1.1 x 107
Am 2.6 x10°% 0.0 3.6 NA 0.19 1.1 1.1 x 10°

*  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 H,, 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 bicdegraded through reactions (Section WCA.8.17)

CsH,o O +4, 8H" + 4.8 NO; - +7.4H,0 + 6CO, +24N,,

C, H, O, + 6H" + 350, - SH,0 +6CO, + 3H,S(g)

Cs H,o O5 + H,0 - 3CH,, + 3CO,,

The above reactions will proceed sequentially according to the energy yield per mole of carbon in
cach 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.5.1.1 Waste Fluid Content

The inittal 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:

o 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 eXxist 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.

The condition of the waste at any time can be represented in terms of its porosity, which )
gives a measure of the pore volume available for storage of generated gas or brine. A ;-“"
subcategory of this issue is that release may depend on how much contaminated brine ex1st§
in the waste before the intrusion, which depends on the waste porosity.

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 was determined by combining the individual
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. [991). A volumetric plasticity model of
the waste is used (Weatherby et al. 1991). The mode! and the experimental data supporting it
are described in Butcher et al. (1991) and Callahan {1993).
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WCA.5.2.2 Strength

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,
solid 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 minimurn, conservative estimate of this property. Spalling is controlied 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 <10 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 10" 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 1s 1.7 x 1013 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 1x 108 square meters used, and was
assumed to be independent of porosity (WIPP PA Dept. 1993, Table 3.4-1, 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 MgQ 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
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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 g
Mg(OH,) carbonization 0.8

Steel corrosion 2

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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WCA.5.3.2 RH-TRU Thermal Heat Load e,

The “worst case” heat load from RH-TRU emplaced in the WIPP is estimated to be begween
71 and 82 watts per cubic meter, which would result in a temperature rise near the * wciq;sts- .
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

Characterisiic/Component Reason for Significance

Pu-239, Pu-240, Am 241, U-233, and U-234 99 percent of EPA unit after 2 000 vears

Pu-238 dominates EPA unit at early times

solubility of Pu and Am large EPA unit; mobility depends on solubility

1U-238 very low activity; dilutes higher-activity uranjium
isotopes for brine-based releases

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

2. corrodes to produce hydrogen, increasing gas
pressure;

cellulose, plastic, rubber, nitrate, suifate 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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1t should be noted that these components and characteristics have both positive and negative
effects on performance. Iron has a beneficial effect because it 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 a detrimental 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

Radionuclides other than those in Table WCA-12

substances that may affect pH*
substances that produce CO,*

intrinsic and mineral fragment colloids

organic ligands

heat generated by exothermic reactions

Fluid in the waste

Reason for insignificant impact

EPA unit is negligible fraction of total, even with
ingrowth

pH is buffered by MgO backfill
CO, is removed by reaction with MgO backfill

fraction of actinides mobilized by these colloids is
insignificant

removed by binding with Mg and nonferrous metal

Heats of formation are small and thermal mass of
repository is large so that temperature rise is
negligible.

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) § 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 § 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
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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 10°, and the second, a waste
unit factor of 3.44 x 10°. 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 § 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, DOE/CAQ 95-1121, Carlsbad, NM.
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Justification For Choice of CCA Radionuclide Values

1
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
(TWBID). These vaiues supersede the published values in Rev. 2 of the Transuranic Waste
Baseline Inventory Report (TWBIR, Ref. BIR-2) and are intended for use in WIPP PA cal-
culations until Rev. 3 TWBIR data are availabie.

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? Gbvi-
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 TWBID
data is all evaluated at the vear 1995 and these data values are comprised of two key com-
ponents: 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. BIR-2). Thus, they can
easily be decayed to any future base year. The problem, therefore, resides only with the
future waste. Unfortunately, the TWBID 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 furure based on process knowledge available at the sites. The methedol-
ogy used within the TWBIR is to estimate the future radionuclide inventories by multiply-
ing the future volumes by the curie density (Cifvol) of the stored radionuclides. This
approach makes it impossible to properly decay these data values to the base year of 2033,
This is because TWBID 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
radionuclide inventories on a yearly basis using curie densities based only on the last year
production (undecayed) rates. Thus 1996 values could be decayed 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 intrusion 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 TWBID values to the year 2033 and then values for the Unit of
Waste and EPA Units calculated. Detailed caleulations 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 ORIGEN2 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
contribute 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)

Nuclide (b} || Stored | Projected | Total Ci | Stored (%) | Projected (%)
Ac225 1.94E+00 9.37E-01 2.88E+00 67 % 3%
Ac27 2.80E-01 3.37E-01 6.07E-01 46 % 34 %
Ac228 3.76E-01 370E-01 T7.46E-01 50 % 50 %

AglOSm 6.56E+00 9.12E+00 1.57E+01 42 % 58 %
Agllo 4.14E-09 2.92E-09 TO6E-09 59 % 41 %
AgllOm 3.11E-07 2.19E-07 5.31E-07 59 % 41 %
Am241 2.39E+05 2.02E+05 4.42E+05 54 % 46 %
Am242 2.34E-01 1LS1E+00 1.74E+00 132 % 87 %
Am242m 2.35E-01 1.52E+00 1.78E+00 13% 87 %
Am243 1.79E+01 L46E+01 3.25E+01 55 % 45 %
Am245 1.27E-09 6.13E-11 L33E-09 95 % 5%
AR217 1.94E+00 9.37E-01 2.88E+00 67 % 3%
Bal37m 2.96E+03 4 .66E+H}3 7.62E+403 9% 6l %
Bi210 1.64E+00 9.12E-01 2.55E+00 64 % 36 %
Bi2tl 2.81E-01 3.27E-01 6.08E-01 46 % 54 %
Bi2i2 2.66E+01 4.59E-01 2. 70E+01 98 % 2%
Bi213 1.94E+00 9.37E-01 2.88E+00 67 % 3%
BiZi4 7.69E+30 3.93E+00 1.16E+01 66 % 34 %
Bk249 8.73E-05 4.23E-06 9.15E-05 95 % 5%
Bk250 4.20E-11 1.64E-12 4.37E-11 96 % 4G
Ci4 1.77E+00 9.06E+00 1.08E+01 16 % 84 %
CdiQ9 6.55E+00 9.12E+00 1.57TE+01 42 % 58 %
Cdl13m 7.81E-07 1.04E-G6 1.82E-06 43 % 57 %
Celdd 3,70E-02 2.54E-02 6.25E-02 59 % 41 %
Cf249 5.08E-02 1.33E-02 6.41E-02 79 % 2i %
Cf250 3.20E-01 1.03E-02 3.30E-01 97 % 3%
Cf251 1.58E-03 2.20E-03 3.77E-03 42 % 58 %
C252 3.61E+01 2.03E+02 239E+02 15 % 85 %
Cm242 1.54E-01 9.84E-01 1.14E+00 14 % 86 %
Cm243 1L11E+00 1.61E+00 2.71E+00 41 % 59 %
Cm244 6.31E+03 251E+04 3.14E+04 20% 80 %
Cm245 - 1.76E-03 9.70E-03 1.15E-02 15 % 85 %
Cm246 4.28E-02 5.92E-02 1.02E-01 42 % 58 %
Cm247 1.34E-09 1.87E-09 3.21E-09 42 % 58 %
Cm248 3.35E-02 5.59E-02 8.94E-02 37% 63 %
Co38 1.34E-13 1.70E-13 3.04E-13 44 % 56 %
Co60 6.27E+01 1.78E+00 6.45E+01 97 % 3%
Cs134 6.09E-03 7.32E-03 1.34E-02 45 % 55 %
Csl35 2.15E-04 2.87E-04 5.01E-04 43 % 57 %
Cs137 3.12E+03 4.93E+03 8.05E+03 9% 61 %
Es254 411E-11 1.25E-12 4.23E-11 97 % 3%
Eul50 3.50E-05 0.00E+00 3.50E-05 100 % 0%
Eul32 1.22E+00 3.30E-02 1.26E+00 97 % 1%
Euls4 1.10E+00 4 89E-02 1.14E+00 96 % 4%
Eulss 6.18E-01 3.27E-01 9 45E-01 65 % 5%
Fe55 1.91E-05 0.00E+00 1.91E-05 100 % 0%
Fe39 1.87E-07 7.68E-08 2.64E-07 1% V%
Fr221 "1.94E+00 9.37E-01 2.88E+00 67 % 3%




Table 1 Continued. L
WIPP CH TOTAL (1995 DECAYED) CURIES (a) N
Nuclide (b) || Stored | Projected | Total Ci | Stored ( %) | Projected { %)},

Fr223 3.87E-03 4.51E-03 8.38E-03 46 % 54 %
H3 8.66E-01 1.96E-03 8.68E-01 100 % 0%
1129 1.17E-07 3.87E-Q7 7.04E-07 17 % 83 %
Kr85 1.96E-01 5.96E-03 2.02E-01 97 % 3%
Mn34 2.49E-04 7.67E-08 8.50E-04 100 % 0%
NB95 2.41E-09 1.26E-10 2.54E-09 95 % 5%
Nb95m 8.06E-12 4.22E-13 §.49E-12 95 % 5%
Nis59 1.25E-03 6.27E-03 7.53E-03 17 % 83 %
Ni63 1.53E-01 T.66E-01 9.18E-01 17 % 83 %
Np237 1.08E+01 4.52E+01 S.60E+01 19 % 81 %
Np238 1.18E-03 7.58E-03 8.76E-03 13 % 87 %
Np239 1.79E+01 1.46E+01 3.25E+01 55 % 45 %
Np240m 1.20E-06 3.04E-07 1.50E-06 80 % 20 %
Pa231 3.16E-01 1.34E-01 4.50E-01 70 % 30 %
Pa233 1.08E+01 4 52E+01 5.60E+01 19 % 81 %
Paz34 7.90E-03 4.35E-02 5.14E-02 15 % 85 %
Pa234m 6.08E+00 3.35E+01 395E+01 15 % 85 %
Ph209 1.94E+00 9.37E-01 2.88E+00 67 % 3%
Pb210 1.64E+00 9.12E-01 2.55E+00 64 % 36 %
Pb211 2.81E-01 3.27E-01 6.08E-01 46 % 54 %
Pb212 2.66E+01 4.59E-01 2.70E+01 98 % 2%
Pb214 7.69E+00 3.93E+00 1.16E+01 66 % 34 %
Pd107 3.17E-05 4 23E-05 7.41E-05 43 % 57 %
Pm147 4.79E+00 3.66E+00 7.86E+00 61 % 39 %
Po210 1.64E+00 9.12E-01 2.55E+00 64 % 36 %
Po2]1 7.86E-04 9.17E-04 1.70E-03 46 % 54 %
Po212 1.70E+01 2.94E-01 1.73E+01 98 % 2%
Po213 1.90E+00 9.17E-01 2 81E+00 67 % 3%
Po214 7.69E+00 3.93E+00 1.16E+01 66 % 34 %
Po215 2.81E-01 3.27E-0! 6.08E-01 46 % 54 %
Po21é 2.66E+01 4.59E-01 2.70E+01 98 % 2%
Po218 7.69E+00 3.94E+00 1.16E+01 66 % 34 %
Prld4 3.66E-02 2.52E-02 6.18E-02 59 % 41 %
Pu236 1.04E-02 7T47E-17 1.04E-(02 100 % 0%
Pu233 5.54E+05 2.06E+06 2.61E+06 21 % 79 %
Pu239 351E+05 4.33E+05 7.84E+05 45 % 55 %
Pu24( 6.8TE+04 1.41E405 2.10E+05 33 % 67 %
Pu241 1.07E+06 L2E+H6 230E+06 47 % 53 %
Pu242 4.93E+02 6.79E+02 1.17E+03 42 % 58 %
Pu243 1.34E-09 1.87E-09 3.21E-09 42 % 58 %
Pu244 1.20E-06 3.04E-07 1.50E-06 80 % 20 %
Ra223 2.81E-01 3.27E-01 6.08E-01 46 % 54 %
Ra224 2.66E+01 4.55E-01 2.70E+01 98 % 2%
Ra225 1.94E+00 9.37E-01 2.88E+Q0 67 % 33%
Ra22g 1.69E4+00 3.94E+00 1.16E+01 66 % 34 %
Ra228 1.76E-01 3.70E-01 T.46E-01 50 % 50 %
Rh106 1.52E-02 1.37E-02 2.89E-02 53 % 47 %
Rn219 2.81E-01 3.27E-01 6.08E-01 46 % 54 %
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Table 1 Continued.
WIPP CH TOTAL (1995 DECAYED) CURIES (a)

Nuclide (b) Stored Projected | Total Ci | Stored ( %) | Projected ( %)
Rn220 2.66E+01 4.59E-01 2.70E+01 98 % 2%
Rn222 7.69E+00 3.94E+0 1.16E+01 66 % 34 %
Rul06 1.52E-02 1.37E-02 2.89E-02 53 % 47 %
Sbi2s 5.22E-02 6.84E-02 1.21E-01 43 % 57 %
Sbl26 5.78E-03 7.72E-05 1.35E-04 43 % 57 %

Sbi126m 4.12E-04 5.51E-04 9.64E-04 43 % 57 %
Se 79 1.86E-04 2.40E-04 4.35E-04 43 % 57 %
Sml5l 6.28E-01 8.40E-01 1. 43E+00 43 % 57 %

Snl19m 2.44E-06 1.69E-06 4.14E-06 59 % 41 %

Sni2lm 1.14E-02 1.52E-02 2.66E-02 43 9 57T %
Snl26 4,12E-04 5.51E-04 9.64E-04 43 % 57 %
Sro90 2.22E+03 4.62E+03 6.84E+03 2% 68 %
Tc99 1.78E+01 7.33E+00 2.51E+01 7l % 29 %

Tel25m 1.27E-02 1.67E-02 2.94E-02 43 % 57 %
Tel27 1.07E-07 2.34E-08 1.30E-07 82 % 183 %

Tel27m 1.09E-Q7 2.39E-08 1.33E-07 22 % 18 %
Th227 2.77E-01 3.23E-01 6.00E-01 46 % 54 %
Th228 2.66E+0N 4.59E-01 2.70E+01 98 % 2%
Th229 1.94E+00 9.37E-01 2.88E+00 67 % 3B %
Th230 3.04E-02 5.01E-62 8.05E-02 38 % 62 %
Th231 2.31E+00 1.0SE+11 1.28E+01 18 % 82 %
Th232 4.22E-01 4.90E-01 9.12E-01 46 % 54 %
Th234 6.08E+00 3.35E+01 3.95E+01 15 % 85 %
Ti207 2.80E-01 3.27E-01 6.07E-01 48 % 54 %
TI208 9.55E+00 1.65E-01 9.72E+)0 98 % 2%
TI209 4.19E-02 2.02E-02 6.21E-02 67 % 3%
U232 2.56E+01 1.20E-01 2.58E+01 100 % 0%
U233 1.20E+03 5.88E+02 1.79E+03 67 % 33 %
U234 9.23E+01 1. T72E+02 4.64E+02 20 % 80 %
235 231E+00 1.05E+01 128E+01 18 % 82 %
U236 6.74E-02 2.65E-01 3.33E-01 20 % 80 %
U237 2.63E+01 3.02E+01 5.65E+01 47 % 3%
U238 6.08E+00 335E+01 3.95E+01 15 % 85 %
U240 1.20E-06 3.04E-07 1.50E-06 80 % 20%

Y90 2.22E+03 4.62E+03 6.85E+(3 2% 68 %
Zr93 2.41E-03 3.21E-03 5.62E-03 43 % 5T1%
7195 1.09E-09 S.69E-11 1.14E-00 95 % 5%
Total 2.31E+06 4. 11E+06 6.41E+06 36 % 64 %

Radionuclide inventory information taken from Transuranic Waste Bascline Inventory Database (TWBID), Ref. CCA-2.

(in total, 135 radionuclides are inventoried in the TWBID)
Radicnuclides in bold are those 29 incorporated into the WIPP PA database, Ref. SNL-1.




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

Nuclide (b) || Stored Projected | Total Ci | Stored (%) | Projected (%)
Ac225 8.55E-02 3.18E-02 1.17€-01 73 % 27 %
Ac227 2.08E-04 5.49E-04 7.57E-04 27 % 73 %
Ac228 2.51E-02 5.26E-02 7.77E-02 32 % 68 %
Aglll 1.45E-09 2.92E-10 1.74E-09 83 % 17 %

AgllOm 1.06E-07 2.20E-08 1.31E-07 83 % 17 %
Am241 1.36E+02 5.83E+03 5.96E+03 2% 98 %
Am243 2.23E-04 5.10E-06 2.28E-04 98 % 2%
Am?245 2.43E-16 4 40E-17 2.87E-16 85 % 15 %
At217 8.53E-02 3.18E-02 1.1JE-01 T3 % 27 %
Bal37m 5.02E+03 1.99E+05 | 2.04E+05 2% 98 %
Bi210Q 1.33E-07 7.03E-06 T16E-06 2% 98 %
Bi2l1 2.08E-04 5.49E-04 T.58E-04 27 % 73 %
Bi212 2.45E-02 4.92E-02 7.36E-02 3% 67 %
Bi213 8.55E-02 3.18E-02 1L1TE-01 73 % 27 %
BiZl4 T97E-07 3.50E-05 3.58E-05 2% 98 %
Bk249 1.68E-11 3.03E-12 1.98E-11 85 % 15 %

Ci4 1.74E+00 3.13E-01 2.05E+00 5% 15 %

Cdill13m 2.83E-07 2.63E-07 5.46E-07 52 % 48 %
Celd4 4 51E+00 6.17E-01 5.13E+00 88 % 12 %
Cf249 3.79E-03 6.85E-04 4 4TE-Q3 85 % 15 %
Cf252 1.09E+00 1.97E-01 1.29E+60 85 % 15 %
Cm243 4.19E+01 T.53E+D0 4. 95E+01 85 % 15 %
Cm244 2.67E+02 4.83E+H01 3.15E+02 85 % 15 %
Cm245 1.24E-06 2.24E-07 1.46E-06 85 % 15 %
Cm248 1.73E-04 3.14E-65 2.65E-04 85 % 15 %
Co358 1.24E-11 0.00E+00 1.24E-11 100 % 0%
Cob60 2.75E+02 1.02E+04 1.04E+04 3I% 97 %

Cr5l 3.04E-06 0.00E+00 3.04E-06 100 % 0%
Cs134 1.79E+01 4.96E-01 1.84E+01 97 % 3%
Cs135 6.07E-05 5.66E-05 1.17E-04 52 % 48 %
Cs137 531E+03 211E+05 2.16E+05 2% 98 %
Eul52 1.04E+03 1.87E+02 1.22E+03 85 % 15%
Eul54 5.00E+02 0.05E+01 S81IE+02 85 % 15%
Eulss 9.96E+01 1.834E+01 1.13E+02 84 % 16 %
Fe35 1.69E-01 0.00E+00 1.69E-01 100 % 0%
Fr221 8.55E-02 3.18E-02 1.17E-01 73 % 27 %
Fr223 2.87E-06 7.58E-06 1.04E-05 27 % 3 %

H3 6.21E-(02 3.94E-03 6.60E-02 94 % 6 %
Kr85 1.68E+00 0.00E+00 1.68E+00 100 % 0%
Mns54 2.35E-02 0.00E+00 2.35E-02 100 % 0%
Nb95 5.66E-01 1.02E-01 6.69E-01 85 % 15%

Nb85m 1.90E-03 343E-04 2.24E-03 85 % 15%
Ni63 9 88E-01 0.00E+00 9.838E-01 100 % 0%
Np237 2.37E+00 4.76E-01 2.35E+00 83 % 17 %
Np239 2.23E-04 5.10E-06 2.28E-04 98 % 2%

Np240m 1.87E-11 3.39E-12 221E-11 85 % 15%
Pa23l 4.15E-05 1.87E-03 1.91E-03 2% 98 %
Pa233 2.37E+00 4.76E-01 2.85E+00 83% 17 %




_ Table 2 Continued.
WIPP RH TOTAL (1995 DECAYED) CURIES (a)
Nuclide (b} || Stored Projected | Total Ci | Stored (%) i Projected (%)
Pal34 1.12E-02 2.43E-03 1.36E-02 82 % 18 %
Pa234m 8.61E+00 1.87E+00 1.05E+01 82 % 18 %
Pb209 8.35E-02 3.18E-02 1.17E-01 I % 27 %
Pb210 1.33E-07 7.03E-06 7.16E-06 2% 98 %
Pb211 2.08E-04 5.49E-04 7.58E-04 27 % 3%
Pb212 2.45E-02 492E-02 T.36E-02 3% 67 %
Pb214 7.97E-07 3.50E-05 3.58E-05 2% 98 %
Pd107 8.97E-06 8.37E-06 1.78E-05 52% 48 %
Pml147 7.40E+00 3.34E+00 1.07E4+01 69 % 31 %
Po210 1.33e07 7.03E-06 T.16E-06 1% 92 %
Po2l1 5.83E-07 1.54E-06 2.12E-06 27 % T3 %
Po212 1.57E-02 3.15E-02 4.72E-02 3% 67 %
Pa213 8.36E-02 3.11E-02 1.15E-01 73 % 27 % -
Po214 7.97E07 3.49E-05 3.57E-05 2% 98 %
Pol15 2.08E-04 5.49E-04 7.58E-04 27 % 73 %
Po2l6 2 45E-02 492E-02 7.36E-02 3% 67 %
Po218 7.97E-07 3.50E-05 3.38E-05 2% 98 %
Prl44 4 46E+00 6.09E-01 5.07E+00 88 % 12 %
Pu238 3.95E+01 1.41E+03 1.45E+03 3% 97 %
Pu239 1.57E+02 LO01E+04 LO3E+4 2% 98 %
Pu240 5.06E+01 5.01E+03 SOTE+03 1% 99 %
Pu24] 1.33E+03 1.40E+05 L42E+05 1% 99 %
Pu242 1.67E-03 1.48E-G1 1.50E-01 1% 9 %
Pu244 1.87E-11 3.39E-12 221E-11 85 % 15 %
Ra223 2.08E-04 5.49E-04 7.58E-04 27 % T3 %
Ra224 2.45E-02 4.92E-02 7.36E-02 33% 67 %
Ra225 8.55E-02 3.18E-02 1.17E-01 73 % 27 %
Ra226 TI97E-07 3.50E-05 3.58E-05 2% 98 %
Ra228 2.51E-02 5.26E-02 TITE-062 2% 68 %
Rh106 9.18E+00 1.74E+00 1.09E+01 84 % 16 %
Rn219 2.08E-04 5.49E-04 7.58E-04 27 % 73 %
Rn220 2.45E-02 492E-02 7.36E-02 3% 67 %
Rn222 7.97E-07 3.50E-05 3.58E-05 2% 98 %
Rul06 9.18E+00 1.74E+}0 1.O9E+01 84 % 16 %
Sb125 1.06E+00 825E-01 1.89E+00 56 % 4 %
Sbl126 1.63E-05 1.52E-05 3.16E-05 52 % 48 %
Sbl2ém L17E04 1.09E-04 2.25E-04 52% 48 %
Se79 5.27E-05 4 91E-05 1.02E-04 52 % 48 %
Sml51 1.85E-01 1.72E-01 3.57E-01 52 % 48 B
Snli9m 8.05E-07 1.54E-07 9.59E-07 84 % 16 %
Snl12im 3 47E-03 3.23E-03 6.69E-03 52% 48 %
Snl26 1.17E-04 1.09E-04 2.25E-04 52% 48 %
Sr90 1.23E+4 1.96E+05 2.09E+05 6 % 94 %
TalB2 421E-08 0.00E+00 421E-08 100 % 0%
Tc9%9 3.03E-03 2.82E-03 5.85E-03 52% 48 %
Tel25m 2.62E-01 2.03E-01 4.65E-Q1 56 % 4 %
Tel27 1.67E-09 3.87E-11 L71E-09 98 % 2%
Tel27m 1.71E-09 3.95E-11 1.75E-09 98 % 2%




Table 2 Continued.
WIPP RH TOTAL (1995 DECAYED) CURIES (a)
Nuclide (b) | Stored | Projected | Total Ci | Stored (%) | Projected (%)
Th227 2.05E-04 S542E-04 7.47E-04 27 % 73 %
Th228 2 45E-02 4.92E-02 7.36E-02 33 % 67 %
Th229 8.55E-02 3.18E-02 L17E-01 73 % 27 %
Th230 2.56E-04 7.30E-03 7.56E-03 1% 97 %
Th231 2.01E-01 4. 43E+00 4.63E+00 4 % 96 %
Th232 2.86E-02 6.39E-02 9.25E-02 3 % 6% %
Th234 8.61E+00 1.87E+00 1.05E+01 82 % 18 %
TI207 2.08E-04 5.48E-04 7.56E-04 7% 73 %
T1208 8.79E-03 1.77E-02 2.65E-02 3% 67 %
TI209 1.85E-03 6.88E-04 2.53E-03 T3 % 27 %
U233 1.23E+02 347E+01 1.58E+02 78 % 22 %
U234 3.30E+00 3.94E+01 4.27E+01 8 % 92 %
U235 2.01E-01 4.43E+00 4.63E+00 4% 9% %
U236 797E-02 1.70E-02 9.68E-02 82 % 18 %
U237 3.27E02 3 ASE+00 3.43E+00 1% 99 %
U238 8.61E+00 1.87E+60 1.05E+061 82 % 18 %
U240 1.87E-11 3.39E-12 2.21E-11 85 % 15 %
Yoo 1.23E+4 1.96E+05 2.09E+05 6% 94 %
293 6.81E-04 6.35E-04 1.32E-03 52 % 43 %
7195 2.56E-01 4.63E-02 3.02E-01 5 % 15 %
Total 3.91E+04 9.76E+05 1.02E+06 4 % 9% %
—

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

®) Radionuclides in boid are those 29 incorporated into the WIPP PA database, Ref. SNL-1.



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

Table 3.

Nuclide WIPP TRU Waste
D Decay Half- Total Transuranic % of
Mode Life Inventory Inventory Unit of
[Cunes] {d} . [e-Cunries] (e} Waste
(b) {c) (e}
CH RH CH RH (%)
Ac233 a.y 1004 2.38E+00 1.17E-0i
Ac227 a. By 21.77a 6.08E-01 7.57E-04
Ac228 @By 6.15h 7.46E-01 7.77E-02
Agl09m e 98 s 1.57E+01 Y NR
Agl10 Bv.e 246 7.07E-09 1.74E-09
Agll0m 8.y, Te" 249.8 d 5.31E-07 1.31E-07
Am241 a.v,5F 4327 a 4.42E+05 5.96E+03 4.42E+05 5.96E+03 110
Am242 B.y.ee” 16.02 h 1.75E+00 NR
Am242m . Te 141. h 1.75E+00 NR
Am243 e By 737E+03 a 3.26E+01 2.28E-04 3.26E+01 2.28E-04 8.01E-04
Am245 By 2.05h 1.33E-09 2.87E-16
AR17 a.F.y 32 ms 2.88E+00 LI7E-01
Bal37m T 2.552m 7.63E+03 2.04E+05
Bi210 a. By 5014 2.55E+00 7.16E-06
Bi2li o By 2.14m 6.09E-01 7.58E-04
Bi212 o By 1.009 h 2.7T1E+01 7.36E-02
BiZl3 o By 456 m 2.88E+00 1.17E-01
Bi214 o5y 199 m 1.16E+01 3.58E-05
Bk249 o f.y 3.2E+02d 9.16E-05 1.98E-11
Bk250 By 3217k 437E-11 NR
Ci4 B 5730 a 1.08E+01 2.05E+00
Cd109 T.E 462.0 d 1.57E+01 NR
Cd113m BT 14.12a 1.82E-06 5.46E-07
Celdd g1 284.6 d 626E-02 5.13E+00
Cf249 .1, 5F 351a 6.42E-02 447E-03 6.42E-Q2 447E-03 1.69E-06
Cf250 x.Y.5F 13.1a 330E-01 NR
Cf251 a.y 9.0E+02 a 3.78E-03 NR 3.78E-03 NR 9.28E-08
cops2 oy, SF 26382 239E+02 1.29E+00
Cm242 «,7.5F 16284 1.14E+00 NR
Cm243 @, v.5F & 29.1a 2.72E400 4.95E+01 2726400 4.95E+01 1.28E-03
Cm244 a.y.5F 18.1a 3.15E+04 3.15E+02
Cm245 &.,y.5F 8.5E+03 2 1.15E+02 1.46E-06 1.15E+02 1.46E-06 2.82E-03
Cm246 a.v.5F 4.76E+03 a 1.02E-01 NR 1.O2E01 NR 2.51E-06
Cm247 oy 1.56E+07 a 321E-09 NR 321E-09 NR 7.88E-14
Cm248 a.5F 3.48E+05 a 8.95E-02 2.05E-04 8.95E-02 2.05E-04 2.20E-06
Co58 B.y.€ 70.88 d 3.05E-13 1.24E-11
Co60 By 5271a 6.46E+01 1.04E+04
G5l ey 27.70 d NR 3.04E-06
Cs134 B.y.e 2065 a 1.34E-02 1.84E+01
Cs135 B 2.3E+06 a 5.02E-04 1.17E-04
Cs137 .y 30.17 a 8.06E+03 2.16E+05 ()
Es254 oy 276 d 424E-11 NR




—
Table 3 Continued.
40CFR191 Unit of Waste for (1995 Decayed) WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
D Decay Half- Total Transuranic % of
Mode Life Inventory Inventory Unit of
[Curies] (d) [c-Curies] (e) Waste
(b) (c) {c)
CH RH CH RH (%)
Euls50 1. 36 a 3.51E-05 NR
Euls2 B .v.ep 1348 2 1.26E+00 1.22E+03
Eul54 B.v.ey 859a 1.15E+00 L 91E+02
Eul55 By 471 a 9.46E-01 1.18E+02
Fes5 £ 273 e 1.91E-05 1.69E-01 :
Fes59 By 451 d 2.64E-07 NR
Fe221 oy 43m 2.38E+00 1.17E-01
Fr223 a.f.y 218m 8.39E-03 1.04E-05
H3 3 12.3a 8.69E-01 6.60B-02
1129 By 1.57E+07 a 7.05E-07 NR
Kr85 By 1073 a 2.02E-01 1.68E+00
Mn54 o 312.2d 8.51E-04 2.35E-02
Nb9S By 3497d 2.54E-09 6.696-01
Nb95m B.v.T 361 d 8.50E-12 2.24E-03
Ni59 € T6E+04 a 7.52E-03 NR
Ni63 B 100. 2 9.19E-01 9.83E-01
Np237 .y 2.14E+06 a 5.61E+01 2.85E+00 5.61E+01 2.85E+00 1.45E-03
Np238 B.v 2.117d 8.77E-03 NR
Np239 By 2.355d 3.26E+01 2.28E-04
Np240% B.y 1.032 h NR NR
Np240m B.1.0T 722m 1.50B-06 221E-11
Pa23l ay 3.28E+04 a 4 51E-01 1.91E-03
Pa233 By 270d 5.61E+01 2.85E+00
Pa234 .y 6.69 h 5.14E-02 1.36E-02
Pa234m oy 1.17m 396E+01 1.05E+01
Pb209 5 325h 2.88E+00 1.17E-01
Pb210 o, f.y 223a 2.55E+00 7.16E-06
Ph21l By 36.1 m 6.09E-01 7.58E-04
Pb212 By 10.64 br 2.71E+01 7.36E-02
Pp214 iy 27m L16E+01 3.58E-05
Pd107 By 6.SE+06 a 741E-05 1.73E-05
Pmid? &y 26234 a 7.87E+00 LOTED1
Pa210 o7 13838 d 2.55E+00 7.16E-06
Po2ll o7 0516s 1.71E-03 2.12E-06
Po212 a 0.298 ps 1.73E+01 4.72E-02
Po213 a 4 us 2.82E+00 1.15E01
Po2l4 o,y 163.7 s LI6E+01 3.57E-03
Po215 By 1.780 ms 6.09E-01 7.58E-04
Po216 o,y 01455 271E+(1 7.36E-02
Po218 o, B,y 3.10m 1.16E+0] 3.58E-05
Pridd By 1728 m 6.18E-02 5.07E+00
Pu236 a,y.5F 287 a 1.04E-02 NR




Table 3 Continued.
40CFR191 Unit of Waste for (1995 Decayed) WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
1D Decay Half- Total Transuranic % of
Mode Life Inventory Inventory Unit of
[Curies] (d) fo-Curies] (e) Waste
(b} (c) (c)
CH RH CH RH (%)
Pu238 o.Y.5F 877 a 2.61E+06 (f) 1.45E+03 2.61E+06 1.45E+03 64.1
Pu239 a.y.5F 2.410E+04 a 7.85E+05 1.03E+04 7.85E+05 1.03E+04 19.5
Pu240 a.y.5F 6.56E+03 a 2.10E405 ‘[ 5.07E+03 2.10E+05 5.0TE+03 528
Pu24t @ f.y 144 a 2.31E+06 1.42E+05
Pu242 &y SF 3.75E+05 a LITE+03 1.50E-01 1.17E+03 1.50E-61 2.87E-02
Pu243 By 4956 h 3.21E-09 NR
Pu244 @, 5F 8.0E+07 a 1.50E-06 221E-11 1.50E-06 221E-11 3.68E-11
Ra223 @y 11.435 d 6.09E-01 7.58E-04
Ra224 @y 3.66d 271E+01 7.36E-02
Ra225 By 149 d 2.88E+00 1.17E-0F
Ra226 @y 1.60E+03 a LI6E+01 3.58E-05
Ra228 p.y 576 a 747E-01 7.77E-02
RhI0S By 299 2.90E-02 1.09E+01
Rn219 @y 396s 6.09E-01 7.58E-04
Rn220 @y 5565 2.71E+01 7.36E-02
Rn222 @y 382354 1.I6E+01 3.58E-05
Rul06 g 102a 2.90E-02 1.OSE+01
Sbi25 By 2758 a 1.21E-01 1.89E+00
Sb126 By 124 d 135E-04 3.16E-05
Sb126m y,ee” 190m 9.65E-04 2.25E-04
5e79 B 6.5E+04 a 435E-04 1.02E-04
smls1 By 90 a LATE+0 3.57E-01
Sal19m ¥ [Te 293 d 4.14E-06 9.59E-07
Snl2lm 8.7, ITe 55a 2.66E-02 6.69E-03
Snl26 By 1.0E+05 a 9.65E-04 2.25E-04
Sr89F By 5052 d NR NR
Sr90 B 29.1a 6.85E+03 2.09E+03
Talg2 B,y 11443 d NR 4.21E-08
Te99 By 2.13E+05 a 2.52E+01 5.85E-03
Tel25m y.MTe" 584 295E-02 4.65E-01
Tel127 By 94h 1.30E-07 1.71E-09
Tel27m B .yJTe 109 d 1.33E07 1.75E-09
Th227 &,y 1872d 6.01E-01 7.47E-04
Th228 a.y 1.913a 271E+0L 7.36E-02
Th229 oy 73E+3 a 2.88E+00 1.17E-01
Th230 &,y 7.54E+04 a 8.06E-02 7.56E-03
Th231 B 1063 d 1.28E+01 4.63E+00
Th232 ey 1.4E+10 2 9.13E-01 9.25E-02
Th234 By 2410 m 3.96E+01 1.0SE+01
TI207 By 477 m 6.07E-01 7.56E-04
Ti208 By 3.053 m 9.73E+00 2.65E-02




Table 3 Continuned.

40CFR191 Unit of Waste for (1995 Decayed) WIPP TRU Waste
Nuclide WIPP TRU Waste
D Decay Half- Total Transuranic % of
Mode Life Inventory Inventory Unit of
[Curies] (d) fa-Curies] (e) Waste
(b) (c) (c)
CH RH CH RH (%)
TI209 .y 22m 6.22E-02 - 2.53E-03
TI210% B.y 1.30m NR NR
U232 a1, 5F 70a 258E+01 Y NR
U233 o.v.5F 1.592E+05 a 1.79E+03 1.58E+02
U234 @.¥.5F 2468405 a 4.65E+02 4.27E+01
vz3s @Y. SF 7.04E+08 a 1.28E+01 4,63E+00
U236 a.v.5F 2.342E+07 a 3.33E-01 9.68E-02
U237 By 6.75 d 5.66E+01 3.48E+00
U238 a.v.5F 4 4TE+09 a 3.96E+01 1.05E+01
U240 R 14.1h 1.50E-06 221E-11
Y90 By 2674 6.85E+03 2.09E=05
Zn65+ By.e 2438 d NR NR
Zr93 By 1.5E+06 a 5.63E-03 1.32E-03
Z:95 B.1 6402 d 1.15E-09 3.02E-01
Sum = 6.42E+06 1.02E+06 (4.048E-+06) (2.283E+04) 100.00 %
hy 0] 4.048E+06 () 2283E+04 (K)
Sum = 7 44E+06 (4.07E+06)
@ 4.07E+06
(Unit of Waste = 4.67) (m)
Top 5 Radionuclides
Pu23§ @.7,5F 877 2 2.61E+06 (f) 1.45E+03 2.61E+06 145E+03 64.1
Pu239 a.y,5F 2.410E+04 2 7.85E+05 1.03E+04 7.85E+05 163E+04 195
Am241 «.1.5F 43272 4.42E+05 5.96E+03 4.42E+05 5.96E+03 110
Pu240 a.v.5F 6.56E+03 a 2.10E+05 5.07E+03 2.10E+05 5.07E+03 528
Pu24z a.y.5F 3.75E+05 a 1.17E+03 1.50E-01 L17E+03 1.50E-01 287E-02

NR Not Reported by sites (see Ref. CCA-2).
* Data values for radionuclides were previously reported in Rev. 1 of WTWBIR (BIR-1).
t Data values for radicnuclides were previously reported in Rev. 2 of WTWBIR (BIR-2).
@ Radionuclide inventory information taken from Transuranic Waste Baseline Inventory Database (TWBID), Ref. CCA-2,
(in total, 135 radionuclides are inventoried in the TWRID)
®) Radionuclides in bold arc those 29 incorporated into the WIPP PA darabase, Ref. SNL-1.

©} Decay mode and half-life information taken from the Chant of the Nuclides, 14th Ed. Ref. GE-1. [It is beuer for techni-
cal calculations, to use halflives that are extracted from the databases of QRIGENZ2 [Ref. OR-1] because the ORIGEN2
data are of a later version than that of Ref. GE-1 (see Ref. SNL-2 for ORIGEN2 values).}



(d)
(e}

Y
£:4]
(h}

(i)

@

(k}

m

(m)

Total inventory {curie} data taken from Ref. CCA-2. Values correspond to a "WIPP-Scaie” design basis.

Transuranic inventory data corresponds to the activity (curie) data only for radionuclides that are "transuranic waste” per
definitions in 40CFR 191 Inventory daa in bold corresponds to those data incorporated into the WIPP PA database (see
Ref. SNL-I).

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 foad in WIPP}. The average CH-TRU
volumetric total curie load is 6.42E+06/5.95E+06 = 1.08 (Ci/cu. ft.) = 38.1 (Cifcu. m.). [See discussion note on Ref.
LWA-] for volumes — CH—3595E+06 cu. ft. Also note that the 5.95E+06 volume number is a volume limit, stored
waste and projected waste volumes sum up 1o a volume less than this volume. The summed up volume is then “scaled”
to yieid 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 are applicable to expected waste at WIPP (see Ref, BIR-2d). ]

Note, the total RH-TRU curie load is only 1.02 MCi (also, only [3.7 % of the total curie load in WIPP). This curie
load is much less than the RH-TRU limit of 5.1 MCi [Ref. LWA-1]. The average RH-TRU volumetric total curie load
is 1.O2E+06/0.25E+06 = 4,08 (Cifcu, ft) = 144, (Cifow. m.). [See discussion note on Ref. LWA-1 for volumes -
RH—0.25E+06 cu. fi.]

Note, there are only 15 radionuchides that comprisc‘ the "transuranic waste” (see footnote e above). Eleven of these
radionuclides are included in the WIPP PA data base and comespond to 99.99999% of the total CH “transuranic” inven-
tory. The average CH-TRU volumetric "transuranic” curie load is 4.048E+06/5.05E+06 = 0.680 (TRU-Ci/cu. ft.) =
24.0 (TRU-Ci/cu. m.}.

Note, there are only 15 radionuclides that comprise the “transuranic waste” (see footnotz e above). Eleven of these
radionuclides are included in the WIPP PA data base and correspond to 99.99998% of the total RH "transuranic” inven-
tory. The average RH-TRU volumetric "transuranic™ curie load is 2.283E+04/0.25E+06 = 0.0913 (TRU-Cifcu. ft.) =
3.22 (TRU-Cieuw. m.). [The RH contribution o the WIPP-scale inventory of transuranic curie load is
2283E+04* 100%A(2.283E+04 + 4.048E+06)=0.561% (very small).] Note, this value is an order of magnitude less than
that presented for the CH-TRU wastes — since the majority of the curie content of the RH-TRU waste is due to shorter-
lived non-transuranic radionuclides, this means that as the sherter-lived components decay away the remnaining 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 Study (Ref. DOE-1) which showed that after about 150 — 250
years that CH-TRU waste has a higher specific activity than that of RH-TRU waste.

It is interesung to know that the Yucca Mountain Project (YMP) has approximately 12.4 billion curies of inventory
(spent fuel -- 63,000 MTU [YMP-1b] X 1.57E+05 CUMTU [YMP-1c] + vitrified high-level waste -- 247E+09 Ci
{YMP-1d]). Thus YMP is equivalent 1o 1660 WIPPs as far as curie load is concemned. Even though WIPP is less than
one part in a thousand in comparison to YMP it still requires the same amount of work (with the exception of thermal
effects) to demonstrate compliance for WIPP as it does for YMP because the EPA compliance requirements are based
on a normalized basis (i.2., whether a repository has a radionuclide inventory on the order of millicuries, curies, miilions
of curies (like WIPP), or billions of curies (like YMP), the amount of work (with the exception of thermal effects) to
show compliance is the same).

Note, the unit of waste (UW, calculated to three significant figures) is the same whether the UW is calculated using ail
available information in the TWBID (Ref. CCA-2) or using the limited data within the WIPP PA database. [Alsq, only 4
radionuclides (Am241, Pu238, Pu239, and Pu240) make up 99.96% of the Unit of Waste value [see Ref. EPA-1b] —
using 5 radionuclides (adding Pu242) makes up 99.9936% of the Unit of Waste value].




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

Table 4.

T

Nuclide WIPP TRU Waste
iD Decay Half- Total Release Limits
Mode Life Inventory Inventory EPA
[Curies] (d) [c-Curies] (e) Unit
(b) {c) (c}
CH RH (CLAUW) (o)
Ac228 @,y 100d 2 8RE+00 LITE-01
Ac227 a. By 21.77a 6.08E-01 7.57E-04 100. 407, 1.50E-03
Ac228 o By 6.15h T.46E-01 777602
Ag109m e 398 1.57E+01 ‘' NR
Agli0 B.y.e 246 s 7O07E-09 1.74E-09
Agll0m By [Te 249.8 d 531E-07 1.31E-07
Am241 @,7.5F 43272 4.42E+05 5.96E+03 100. 407. 1101.
Am242 B.y.ee” 16.02 h 1.75E+00 NR
Am242m . Te 141. h 1.7SE+00 NR
Am243 o By 737E+03 2 3.26E-01 2.28E-04 100. 407. 8.01E-02
Am245 By 2050 1.33E-09 2.87E-16
AR17 o8y 32 ms 2.88E+00 1.17E-01
Bal37m m 2552 m 7.63E+03 2.04E+05
Bi210 o By 5014 2.55E+00 7.16E-06
Bi2!1 a.F.y 214m 6.09E-01 7.58E-04
Bi212 o fy 1.009 h 2.71E+01 7.36E-02
Bi213 o By 456 m 2.88E+00 1.17E-01
Bi214 o By 199 m 1.16E+01 3.58E-05
Bk249 a.f.y 32E+m2 4 9.16E-05 198E-11
Bk250 By 3217h 4.37E-11 NR
Cla B 5730 a 1.08E+01 2.05E+00 100. 407. 3.16E-02
Cd109 v.e 46204 1.57E+01 NR
Cd113m g7 14.1a 1.82E-06 5.46E-07
Celad By 28464 6.26E-02 5.13E+00
Cf249 .Y, 5F 351a 6.42E-02 4,47E-03 100. 407, 1.69E-04
Cf250 o.7.5F 13.1a 3.30E-01 NR
cfs1 @,y 9.0E+02 2 3.78E-03 NR 100. 407. 9.29E-06
cps2 a.7.5F 2638 a 239E+02 1.29E+00
Cm242 o.7.5F 1628 d 1.14E+00 NR
Cm243 ©.7.5F ¢ 29.1a 2.72E+00 4.95E+01 100. 407. 0.128
Cm244 a.,7.5F 1812 3.1SE+M 3.15E+02
Cm245 a.v.5F 85E+03 a 1LISE+02 1.46E-06 100. 407. 0283
Cm246 .y, 5F 4.76E+03 a 1.02E-01 NR 100. 407. 251E-04
Cm247 a.y 1.56E+07 a 3.21E-9 NR 100. 407, 7.89E-12
Cm248 a,SF 3.4BE+0S a 8.95E-02 2.05E-04 100. 407. 220E-04
Co58 [ 70.88 d 3.05E-13 1.24E-11
Co60 .y 5271 a 6.46E+01 1.04E+04
Crsl ey 27.70d NR 3.04E-06
Csi34 B.yv.e 2.065 a 1.34E-02 1.84E+01
Cs135 g 23E+06 a 5.02E-04 1.I7E-04 1000. 4070, 1.52E-07
Cs137 By 30.17 a 8.06E+03 2.16E405 (g) 1000. 4070. 55.1
Es254 a.y 276 4 424E-11 NR




Table 4 Continued.

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

Nuclide WIPP TRU Waste
m Decay Half- Total Release Limits
Mode Life Inventory Inventory EPA
[Curies] (d) [o-Curies] (e) Unit
(b) {c) {c)
CH RH (CL/UW) {Ci)
Euls¢ ¥.E 36a 3.51E-05 NR
Eul52 By ef 1348 a 1.26E+00 1.22E+03
Eul54 & .v.ey 8.59a 1.1SE+00 591E+02
Euls5 By 471 a 9.46E-01 1L13E+02
Fe55 £ 2732 1.91E-05 1.69E-01
Fe39 By 44514d 2.64E-07 NR
Fr221 oy 48 m 2.88E+00 [.17E-01
Fr223 o By 218 m 839E-03 1.04E-05
H3 iy 123a 8.69E-01 6.60E-02
1129 .y 1.57E+07 a 7.05E-07 NR 100. 407. 1.73E-09
KI5 By 1073 a 2.02E-01 1 68E+00
Mn34 Y 31224 R.51E-04 2.35E-02
Nbos By 34974 2.54E-09 6.69E-01
Nb95m By, T 3614 8.50E-12 2.24E-03
Nis9 £ 7.6E+04 a 7.52E.03 NR 1000. 4070. 1.85E-06
Ni63 3 100. 2 9.19E-01 9 $8E-01 1000. 4070 4.69E-04
Np237 .y 2.14E+06 a 5.61E+0] 2.85E+00 100. 407. 1.45E-01
Np238 B.v 21174 8.77E-03 NR
Np239 By 23554 326E+01 2.28E-04
Np240f 8.7 1032 h NR NR
Np240m B.y. 0T 722m 1.50E-06 221E-11
Pa23i o,y 328E+04 a 4.51E01 1.91E-03 100. a07. 1.11E-03
Pa233 By 2704 5.61E+01 2.85E+00
Pa234 By 6.69 h 5.14B-02 136E-02
Pa234m BT 1.17m 3.96E+01 1.05E+01
Pb209 B 325k 2 88E+00 1.17E-01
Pb210 a. B,y 223a 2.55E+00 7.16E-06 100 407. 627E-03
Pb211 .y 361m 6.09E-01 7.58E-04
Pb212 By 10.64 br 2.71E+01 7.36E-02
Pb214 By 27m 1.16E+01 3.58E-05
Pd107 By 6.5E+06 a 7.41E-05 1.73E-05 1000. 4070. 2.25E-08
Pmi147 By 262342 7.87E+00 1.07E+01
Po210 a.y 13838 d 2.55E+00 7.16E-06
Po2li .y 0.516 s 1.71E-03 2.12E-06
Po212 @ 0.298 ps 1.73E+01 472602
Po213 a 4 ps 2.82E+00 LISE01
Po214 a.y 163.7 ps 1.16E+01 3.57E-05
Po2l5 o.B.y 1.780 ms 6.09E-01 7.58E-04
Po216 o, 0.145 s 2.71E+01 7.36E-02
Po218 a.f.y 3.10m 1.16E+01 3.58E-05
Pria4 By 1728 m 6.18E-02 5.07TE+00
Pu236 .7, 5F 2872 1.04E-02 NR




Table 4 Continued.
40CFR191 Release Limits for (1995 Decayed) WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
D Decay Half- Total Release Lirmits
Mode Life Inventory Inventory EPA
[Curies] (d) {o-Curies] (e) Unit
(b) (<) ()
CH ‘RH (Ci/UW) (Ci)
Pu233 @.y.5F 87.7 a 2.61E+06 (D) 1.45E+03 100. 407. 6416.
Pu239 a.7.5F 2410E+04 a 7.85E+05 1.03E+04 160. 407. 1954.
Pu240 .7.5F 6.56E+03 2 2I0E+05 ‘| S.07E+3 100. 407. 528.
Pu241 @By 144 2 231E+06 1.42E+05
Pu242 @.v.5F 3.75E+05 a 1.17E+03 1.50E-01 100. 407. 2.8
Pu243 By 4956 h 321E-09 NR
Pu244 a.SF 8.0E+07 a 1.50E-06 221E-11 100. 407. 3.69E-09
Ra223 @y 11.435d 6.09E-01 7.58E-04
Ra224 oy 3.66 d 2.71E+01 7.36E-02
Ra225 By 149 d 2.88E+00 1.17E-01
Ra226 @y 1.60E+03 a 1.I6E+01 3.58E-05 100. 407. 2.85E-02
Ra228 By 576a 7.47E-01 7.77E-02
Rh106 By 299 s 2.90E-02 1.09E+01
Rn219 @y 396 s 6.09E-01 7.58E-04
Rn220 @7 5565 2.71E+01 7.36E-02
Rn222 a.y 3.82354 1.16E+01 3.58E-05
Rul06 3 1.02a 2.90E-02 1.09E+01
Sb125 By 2758 a 1.21E-01 1.89E+00
Sb126 8.y 244 1.35E-04 3.16E-05
$b126m y.ee” 190m 9.65E-04 225E-04
Se79 B 6.5E+04 a 4.35E-04 1.02E-04 1000. 4070. 1.32E-07
$mlsi By 90 a 1.47E+00 3.57E-01 1000. 4070. 4.49E-04
Sal1Sm ¥, fTe” 293 4 4.14E-06 9.59E-07
Snl2im By, e 55a 2.66E-02 6.69E-03 1000. 4070. 3.18E-06
50126 By 1.0E+05 a 9.65E-04 225E-04 1000. 4070, 2.92E-07
5rg9t By 50524 NR NR
Sr9%0 B 29.1a 6.85E+03 2.09E+05 1000, 4070. 530
Tal82 By 11443 d NR 421E-08
Te99 By 2.13E+05 a 2.52E+01 5.85E-03 10000. 40700 6.19E-04
Tel25m Y. ITe” s8d 295E-02 4.65E-01
Tel27 By 9.4h L30E07 LTIE09
Tel27m B.yJTe" 109 ¢ 1.33E-07 1.75E-09
Th227 oy 1872 d 6.01E-01 74TE-04
Th228 a.y 1513 a 2.71E+01 736E-02
Th229 o,y 73E+03 a 2.38E+00 1.17E-01 100. 407. 736E-03
Th230 a.y 7.54E+04 2 8.06E-02 7.56E-03 10. 40.7 2.17E03
Th231 By 1.063 d 1.28E+01 4.63E400
Th232 a.y 14E+10a 9.13E-01 925E02 10. 40.7 248E-02
Th234 gy 2410 m 3.96E+01 1.0SE+01
1207 By 477 m 6.07E-01 7.56E-04
208 By 3.053 m 9.73E+0D 2.65E-02




Table 4 Continued.
40CFR191 Release Limits for (1995 Decayed) WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
iD Decay Half- Total Release Limits
Mode Life Inventory Inventory EPA
[Curies] (d) [o-Curies] (e) Unit
(b) (c} {c)
CH RH (CL/UW) (Ci)
TI209 By 22m 6.22E-02 2.53E-03
TI210% B.y 130 m NR NR
U232 @.v.5F 70a 2.58E+01" NR 100. 407, 6.34E-02
U233 a.y.5F 1.592E+05 a 1.79E+03 1.5BE+02 100. 407. 4.79
U234 a.y.5F 2.46E+05 a 4.65E+02 4.27E+01 100. 407. 125
U235 a.v,5F 7.04E+08 a 1.28E+01 4.63E+00 100. 407, 4.28E-02
U236 a.v.5F 2.342E+07 a 1.33E-0t 9.68E-02 100. 407. 1.06E-03
U237 By 6754d 5.66E+01 3.48E+00
U238 .7,5F 4.47EHD a 3.96E+01 1.05E+01 100. a07. 123E-01
U240 By i41h 1.50E-06 221E-11
Y90 By 267d 6.85E+03 2.09E+05
Zn65t Br.y.e 2438 d NR NR
Zr93 By 1.5E+06 a 5.63E-03 1.32E-03 1000. 4070 1.71E-06
2155 By 64.02d 1.15E-09 3.02E-01
Sum = 6.42E+06 1.02E+06 {1.012E+04)
(h) @ LO12E+04 (j)
¢
Sum = 7 AAE+06 £
Top 10 Radionuclides (k)
iD Total Inventory EPA Unit
(®) v s || £
CH RH Total CH RH Total (%) ¥25 % g
Puz38 2.61E+06 (f) 1.45E+03 2.61E406 6413, 3.56 6416. 0.63418
Pu239 7.85E+05 1.03E+04 7.95E+05 1929 253 1954, 0.82732
Am241 4.42E+05 5.96E+03 4,48E+05 1086, 146 1101. 0.93611
Pu240 2.10E+05 5.07E+03 2.15E+05 516. 125 528. 0.98834
Cs137 8.06E+03 2.16E+05 () 2.24E405 1.98 53.1 55.1 0.99378
Sr90 6.85E+03 2.09E+05 2.16E+05 1.68 51.4 530 0.99902
U233 1.79E+03 1.58E+02 L9SE+03 4.40 0.39 4.79 0.99950
Pu242 1.17E+03 1.50E-01 1.17E+03 2.87 3.69E-04 2.88 0.99978
U234 4.65E+02 4.27E+01 5.08E+02 1.14 0.10 1.25 0.99990
Cm245 1.156+02 1.46E-06 1.15E+02 0.283 3.59E-09 0283 0.99993
NR Not Reported by sites (see Ref. CCA-2).
t Data values for radionuclides were previously reported in Rev. 1 of WTWBIR (BIR-1}.
t Data values for radionuclides were previously reported in Rev. 2 of WTWBIR (BIR-2).



(a)

®»
(©

(d}
(e}

®
)

(i

G

&)

Radionuciide inventory information taken from Transuranic Waste Baseline Inventory Database (TWBID),
Ref. CCA-2. (in total, 135 radionuclides are inventoried in the TWBID}

Radionuciides in bold are those 29 incorporated into the WIPP PA database, Ref, SNL-1.

Decay mode and half-life information taken from the Chart of the Nuclides, 14th Ed. Ref. GE-1. [It is better
for technical calculations, to use halflives that are extracted from the databases of ORIGENZ [Ref. OR-1}
because the ORIGEN2 data are of a later version than that of Ref. GE-1 {see Ref. SNL-2 for ORIGEN2
values}.]

Total inventory (curie} data taken from Ref. CCA-2. Values correspond to a "WIPP-Scale™ design basis.
Release limits are determined in accordance with 40CFR191 (Appendix A, Table 1) [Ref. EPA-1]. left
column corresponds to specific release limits (cumulative releases to the accessible environment for 10,000
vears after disposal per "unit of waste” identified in Note 1(e) of Table 1, Appendix A, 40CFR191). Right
colurnn corresponds to release limit obtained for 4.07 Units of Waste (see Table 2 for calculation of the Unit
of Waste} deterrmuned from data in the Transuranic Waste Baseline Inventory Report (BIR) [Ref. BIR-2].
Isotope with dominate curie Joad for CH-TRU wastes.

Isotope with dominate curie load for RH-TRU wastes.

Note, the total CH-TRU curie load is 6.42 MCi (a.l§o. 86.3 % of the total curie load in WIPP), The average
CH-TRU volumetric total curie load is 6 42E+06/5.95E+06 = 1.08 (Cifcu. ft.) = 38.1 (Cifcu. m.), [See dis-
cussion note on Ref. LWA-] for volumes - CH—5.95E+06 cu. fi. Also note that the 5.95E+06 volume
number is a volume [imit, stored waste and projected waste volumes sum up to a volume less than this
volume. The summed up volume is then “scaled™ to yield a total volume of 5.95E+06, likewise the cure
loads are also "scaled” by the same factor. Thus ratios of curie loads (or heat loads) to volume yield values
are applicable to expected waste at WIPP (sec Ref. BIR-2d). |

Note, the total RH-TRU curie [oad 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 [Ref. LWA-1]. The average RH-TRU
vojumetric total curie load is 1.02E+06/0.25E+06 = 4.08 (Ci/cu. ft.}) = 144. (Ci/cu. m.). [See discussion
note on Ref. LWA-1 for volumes -- RH—0.25E+06 cu. fi.]

Note, there are 42 radionuclides that comprise the "EPA Unit" (see foomote e above). 25 of these radionu-
clides are ncluded in the WIPP PA data base and correspond to 99.99903% of the total CH- and RH-TRU
"EPA Unit" inventory. The average CH-TRU volumetric "EPA Unit" load is 9.956E+03/5.95E+06 = 1.67E-
03 (EPA Unit/cu. fl.) = 5.91E-02 (EPA Unit/cu. m.). The average RH-TRU volumetric "EPA Unit" load
is 1.611E+02/0.25E+06 = 6.44E-04 (EPA Unit/ent. ft) = 2.28E-02 (EPA Unit/cu. m.). [The RH contribu-
tion t© the WIPP-scale inventory of transuranic cure load is 1.611E+02*100%/1.611E+02 +
9.956E+03)=1.592% (very small}] Note, this value is about two omders of magnitude less than that
presented for the CH-TRU wastes — since the majority of the curie content of the RH-TRU waste is due to
shorter-lived non-transuranic radionuclides, this means that as the shorter-lived components decay away the
remaining RH-TRU waste will have a lesser curic 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 Study (Ref. DOE-1) which
showed thar after about 150 — 250 years that CH-TRU waste has a higher specific activity than that of RH-
TRU waste.

Note, the EPA Unit (calculated to four significant figures) is the same whether the EPA Unit is calculated
using all available information in the TWBID (Ref. CCA-2) or using the limited dara within the WIPP PA
database, [Also, only 4 radionuclides (Pu238, Pu239, Am241, and Pu240) make up 98.83% of the EPA Unit
(see Ref. EPA-1b} — using 6 radionuclides (adding Cs137 & Sr90) makes up 99.9023% - using the top 10
radionuclides makes up 99.9932% of the EPA Unit),




Table 5.
Unit of Waste and EPA Units for WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
D Total Ci Total TRU EPA Unit
Inventory Inventory
[Curies] (c) [a-Curies] (d) (e)
(b)
1995 2033 1995 2030 1995 2033

Ac225 3.00E+00 9 97E+00 )

Ac227 6.09E-01 5.05E-01 1.50E-03 1.47E-03
Ac228 8 24E-01 1.O0E+00 4

Agl09m 1.57TE+01 1.55E-08

Agll0 8.31E-09 1.68E-25

Agl10m 6.62E07 1.26E-23

Am241 4.48E+05 4.88E+05 4.48E+05 4.88E+05 1101. 1419.
Am242 1.75E+00 1.47E+00 .
Am242m 1.7SE+00 1.47E+00

Am243 3.26E+01 325E+01 3.26E+01 3.25E+01 8.01E-02 9.45E-02
Am245 1.33E-09 L.I7E-22

A217 3.00E+00 9.97TE+00

Bal3Tm 2.12E405 8.81E+4
Bi210 2.55E+00 8.75E+00

Bi21l 6.10E-01 S.06E-01

Bi212 2.72E+01 1.94E+01

Bi213 3.00E+00 8 57E4+00

Biz14 1.16E+01 1.14E+01

Bk249 9.17E-05 8.06E-18

Bk250 437E-1 297E-26

Cl4 1.29E+01 1.28E401 3.17E-02 3.72E-02
Cd109 1.57E+01 1.55E-08

Cdi13m 2.39E-06 3.92E-07

Celdsd 5.19E+00 1.04E-14

Cr249 6.87E-02 6.38E-02 6.87E-02 6.38E-02 1.69E-04 1.86E-04
C250 3.30E-11 4 41E-02 '

‘CE251 3.73E-03 3.67E-03 3.78E-03 3.67E-03 9.29E-06 1.07E-05
Cr252 241E+02 1.11E-02

Cim242 1.14E+00 1.21E+00

Cm243 5.23E+01 2.07E+01 523E+01 2.07E+01 0.128 0.060
Cm244 3.18E+04 744E+03

Cm245 115E+02 1.15E+02 1.15E+02 1.15E+02 0.283 6334
Cm246 1.02E-01 1.02E-01 1.02E-01 1.02E-01 2.51E-04 2.97E-04
Cm247 321E-09 9.51E-09 3.21E-09 9.51E-09 7.89E-12 277E-11
Cm248 8.98E-02 9.16E-02 8.98E-02 9.16E-02 2.21E-04 266E-04
Cas58 127E-11 0.00E+00

Co60 1.05E+04 7.06E+01

Crs1 3.04E-06 0.00E+00

Cs134 1.84E+01 5.22E-05

Csl135 6.19E-04 6.19E-04 1.52E-07 1.80E-07




Table 5 Continued.
Unit of Waste and EPA Units for WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
D Total Ci Total TRU EPA Unit
Inventory Inventory
[Curtes] (c) [o-Curies] (d) (e)
(b)
1995 2033 1995 2030 1995 2033

Cs137 224E+05 9.31E+04 55.0 27.1
Es254 424E-11 2.97E-26 .

Eu150 151E-05 1.69E-05

Eul52 1.22E+03 1.76E+02

Eul54 5.92E+02 2.77E+01

Eul$5 1.19E+02 5.87E-01

Fes5 1.69E-01 6.73E-06

Fe59 2 64E-07 0.00E+00

Fr221 3,00E+00 9.97E+00

Fr223 8.41E-03 6.98E-03

Gd152 0.00E+00 3.67E-11

H3 9 40E-01 1L11E-01

1129 7.05E-07 7.05E-07 1.73E-09 2.05E-09

K85 1.88E+00 1L.61E-0t

Mn54 243E-02 1.O4E-15

Nb93m 0.00E+00 5.65E-03

Nb95 6.69E-01 0.00E+00

Nb95m 2.24E-03 0.00E+00

Ndisd 0.00E+00 1.90E-15

Ni59 7.52E-03 7.51E-03 1.85E-06 2.18E-06

Ni63 1.91E+00 L43E+00 ' 4.69E-04 4.16E-04
Np237 5.90E+01 6.49E+01 5.90E+01 6.49E+01 L45E-01 1.89E-01
Np238 8.78E-03 7.36E-03

Np239 3.26E+01 325E+01

Np240m 1.50E-06 1.53E-06

Paz31 4.53E-01 4.67E-01 1.11E-03 1.36E-03
Pa233 5.90E+01 6.49E+01

Pa234 6.50E-02 6.52E-02

Pa234m 5.01E+01 5.01E+01

Pb209 3.00E+00 9.97E+00

P10 2.55E+00 8.75E+00 6.26E-03 254E-02
Pb211 0.00E+00 5.06E-01

Pb212 2.72E+01 1.94E+01

Pb214 1L16E+01 L.I4E+01

Pd107 9.14E-05 9.14E-05 225E-08 2.66E-08
Pm147 1.86E+01 £.10E-4

Po210 2.55E+00 8.75E+00

Po2l1 1.71E-03 1.42E-03

Po212 1.74E+01 1.24E+01

Po213 2.94E+00 9.76E+00




Table 5 Continued.
Unit of Waste and EPA Units for WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
ID Total Ci Total TRU EPA Unit
Inventory Inventory
[Curies] (c) [e-Curies] (d) (e)
(b)
1995 2033 1995 2030 1995 2033

Pall4 1.E6E+0] 1.14E+01

Po2l5 6.10E-01 5.06E-01 '

Po2l6 272E+01 1.94E+01

Po218 1.I6E+G1 1.14E+1

Prid4 5.13E+00 1.03E-14

Pu236 1.04E-02 1.01E-06

Pu238 261E+06 1.94E+06 261E+06 1.945+06 6412, 5642.
Pu239 T.96E+)S 7.95E+05 7.96E+05 7.95E+05 1956. 2312,
Pu240 2.15E+05 2.14E+05 2.15E+05 2.14E+05 528. 622,
Pu241 245E+06 3.94E+05

Pu242 1.17E+03 L17E+03 117E+03 1.17E+03 2.87 3.40
Pu243 321E-09 9.51E-09

Pu2éd 1.50E-66 1.53E-06 1.50E-06 1.538-06 3.69E-09 4.43E-09
Ra223 6.10E-0i 5.06E-0f

Ra224 2.72E+01 1.94E+01

Ra225 3 00E+00 9.97E+00

Ra226 1.16E+01 L14E+01 2.85E-02 3RE02
Ra228 8.25E-01 1.00E+00

Rh106 1.O9E+)1 4.90E-11

Rn219 6.10E-0} 5.06E-0t

Rn220 2.12E+01 1.94E+01

Rn222 1.16E+01 1.14E+01

Rul06 1.09E+01 4.90E-11

Sbi25 2.01E+00 1.49E-04

Sb126 1.67E-04 1.67E-04

$b126m 1,19E-03 1.19E-03

Se79 S37E-4 5.37E-04 1.32E-07 1.56E-07
Sml47 0.00E+00 4.55E-10 0.00E+00 1.32E-12
Sm143 0.00E+00 7.87E-26 0.00E-+00 2.29E-28
Smist 1.83E+00 1.36E+00 4.50E-04 3.96E-04
Snl19m 5.10E-06 4.52E23

SnlZlm 3.33E-02 1.96E-02 8.13E-06 5.70E-06
Snl26 1.19E-03 1.19E-03 2.92E07 3.46E-07
Sre0 2.16E+05 8.73E+04 53.1 25.4
Tal82 421E-08 0.00E+00

Tc99 2.52E+01 2.52E+01 6.19E-04 7.33E-04
Tel25m 494E-01 3.64E-05

Te127 1.32E-07 0.00E+00

Tel2Tm 1.35E-07 0.00E+00

Th227 6.02E-01 4.99E-01

Th228 2.72E+01 1.94E+01




Table 5 Continued.
Unit of Waste and EPA Units for WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
D Total Ci Total TRU EPA Unit
Inventory Inventory U
[Cunies] (c) [¢-Curies] (d) (e) e
(b) 3
1995 2033 1995 2030 1995 2033
Th229 3.00E+00 9.97E+00 7.37E-03 2.90E-02
Th230 8.82E-02 3.06E-01 . 2.17TE-03 $.90E-03
Th231 1.74E+01 1.75E+01
Thi32 1.01E+00 1.01E+00 248E-02 2.94E-02
Th234 5.01E+01 5.01E+01
T1207 6.08E-01 5.04E-0i
T1208 9.76E-+00 6.97E+00
TI209 6.43E-02 2.15E-01
U232 2.58E+01 1.79E+01 6.34E-02 521E-02
U233 1.95E+03 1.95E+03 4.79 5.67
U234 5.08E+02 7.51E+H02 1.25 2.18
U235 1.74E+01 1.75E+01 4.27E-02 5.09E-02
U236 430E-01 6.72E-01 1.06E-03 1.95E-02
U237 6.01E+01 9.67E+00
U238 5.01E+61 5.01E+01 1.23E-01 146E-01
U240 1.50E-06 1.53E-06
Y90 2.16E+05 8.73E+04
2093 6.95E-03 6.95E-03 1.71E-06 2.02E-06
Zr95 3.02E-01 0.00E+00
Sum 744E+06 4.20E+06 4.07E+06 3.44E+06 1.OL1E+04 1.006E+04
Top 4 Radionuclides
Pu23s 2.61E+06 154E+06 2.61E+06 1.94E+06 6412 5642
Pu2iy 7.96E+05 7.95E+05 7.96E+05 7.95E+05 1956. 2312,
Am241 4.48E+05 4.88E+05 4.48E+05 4.88E+05 1101. 1419.
Pu240 2.15E+05 2.14E+05 215E+05 214E+05 528, 622
(@) Radionuclide inventory informatior taken from Transuranic Waste Baseline Inventory Database (TWBID), Ref. CCA-2.
(in total, 135 radionuclides are inventoried in the TWEBID)
() Radionuclides in bold arc those 29 incorporated into the WIPP PA database, Ref. SNL-1.
(€} Total inventory (curie) data taken from Ref. CCA-2. Values correspond to a "WIPP-Scale” design basis.
1C)] Transuranic inventory data comresponds to the activity (curie) data only for radionuclides that are "transuranic waste” per
definitions in 40CFR191 Inventory data in bold corresponds to those data incorporated inte the WIPP PA database (see
Ref. SNL-1).
(¢} EPA Units are determined using Unit of Waste values from columns 4 and 5.
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PREFACE TO ATTACHMENT WCA.8.2
Title 40 of the Code of Federal Regulations (CFR) § 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 § 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
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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 10°, and the second, a waste
unit factor of 3.44 x 10°%. 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 § 194.31 the inventory decayed
to 2033 is used instead.

Reference:

DOE (U. S. Department of Energy). 1995. Transuranic Waste Baseline Inventory R
Rev. 2, DOE/CAO 95-1121, Carlsbad, NM. :

ii
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Sandia National Laboratories

Managed and Cperated by Sandia Corporation
a Lockheed Martin Corperation
Albuquerque, New Mexico 87185-1328

April 25, 1996
Distrib/gtion

i C
L. C. Sanchez, Org SM PH-(505)848-0685, Fax-848-0705

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) transuranic inventery, 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 be
more applicable to transportation 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, cne 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 tran-
suranic radionuclides with half lives greater than 20 years" (Ref. EPA-1b). 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 contribute to the unit of waste. In total there are only 17 possibie radionuclides that
fall into the "transuranic waste” category. The two that are not identified in the TWBIR
are: 1) Am242m and 2) Bk247. Since these radionuclides are very protom rich, it is
expected that they are very difficult to generate and shouid not exist in appreciable quanti-
ties. The overall quantity of transuranic waste radionuclides from Table 3 that apply to the
unit of waste is 4.07E+06 curies, thus the value for the unit of waste is 4.07. From this
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
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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 be 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
(Lf )a and
. less than 1 chance in 1000 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 L;, 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:

R,:-l— 2,9y, L =3 i < 1 (or 10) (1)
fo L1 L Lug i fwli
where
— W,
fw =" waste unit factor = %ﬁ; see Table 2 for units
L
W; = activity in curies (Ci) for a-emitting TRU repository wastes
having half-lives (t,) = 20 years
L; = the EPA release limit for radionuclide / (see Table 2 for
examples and units)
nR = number of radionuclides contributing to the release
R; = total normalized release (EPA sum) for the jth scenario
Q= cumulativew%ease for radionuclide u beyond a specified
boundary, | g, dr
gi; = release rate into accessible environment at time ¢ for

radionuclide i and scenario j calculated from consequence
model(s) (see Chapter 5.0 Ref. RE-1)

The EPA release limits (L;), for radionuclides i=1, ..., 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 anpalysis 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 stringent 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 },000 rem/hr 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-2]. 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 [DOE-4]. It is in the WIPP 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.]

[OR-1]Croff, A.G.; "ORIGEN2: 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.) (Detailed 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 ORIGENZ2 can be found in Refs. OR-3 and OR-4.)

[OR-2]Croff, 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-3]Hermann, O.W., S.M, Bowman, M.C, Brady and C.V. Parks; "Validation of the Scale
System for PWR Spent Fuel Isowopic Composition Analyses,” ORNL/TM-12667, Oak
Ridge National Laboratory, March 1995.

[OR-4]Broadhead, B.L., M.D. DeHart, J.C. Ryman, J.S. Tang and C.V. Parks; "Investigation of
Nuclide Importance to Functional Requirements Related to Transport and Long-Term
Storage of LWR Spent Fuel,” Oak Ridge National Laboratory, June 1995, ORNL/TM-
12742,

fRE-1]Rechard, R.P.; “An Introduction to the Mechanics of Performance Assessment Using
Examples of Calculations Done for the Waste Isolation Pilot Plant Between 1990 and
19927, SAND93-1378, UC-721, Sandia National Laboratories, Albuquerque, New Mexico,
Printed October 1995.

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

[SNL-1]
Sandia WIPP Project. 1992. Preliminary Performance Assessment for the Waste Isolation
Pilot Plant, December 1992, (SAND92-0700), Albuquerque, NM; Sandia National
Laboratories.

[SNL-2]
L.C. Sanchez (SNL Org 6741); Memo to M. Marietta (SNL Org 6821), dated February 26,
1995.

[SNL-3]
Helton,J.C., J.W. Garner, R.P. Rechard, D.K. Rudeen, and P.N. Swift. 1992; Preliminary
Comparison with 40CFRI91, Subpart B for the Waste Isolation Pilot Plant, December
1991. Volume 4: Uncertainty and Sensitivity Analysis Results, SAND91-0893/4. Albu-
querque, NM; Sandia National Laboratories.

{SNL-4]
JW. Gamner (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 km ( — 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 metric tons of reactor fuel (Ref. EPA-2).

Further information can be found in Table 4. This table identifies the 42 radionuclides
within the TWBIR that contribute to the release limits. From this 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
1/10,120 or — 100 ppm (parts per million). In Table 5, there is a list of the radionuclides
that are not reported in the TWBIR 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 uvraniums. 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 Th-230 are not strictly 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 inventory 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-1]. 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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MS-1328, R.P. Anderson [Dept. 6749]
MS-1395, M.G. Marietta {Dept. 6821]
MS-1335, R.W. Bild [Dept. 6801]
MS-1328, R.A. Cole [Dept. 6741]
MS-1328, J.C. Helton [Dept. 6741]
MS-1328, T.W. Berglund [Dept. 6749]
MS-1328, L.S. Gomez [Dept. 6749]
MS-1328, M. Martell [Dept. 6749]
MS-1328, C.T. Stockman [Dept.6749]
MS-1328, P. Vaughn [Dept. 6749]
MS-1341, L.J. Storz [Dept. 6748]
MS-1343, R.F. Weiner [Dept. 6751]
MS-1341, P.N. Swift [Dept. 6821]
MS-1328, Day File [Dept. 6741]
MS-1328, L.C. Sanchez [Dept. 6741]
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7 Time-Dependent Inventory
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Figure 1. Changes in radionuclide activity of waste in (based on the inventory
used in the 1991 performance assessment calculations) a} activity unnormat-
ized, b) and the one WIPP panel normalized 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.
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o Table 1. ¢
Key Radionuclides of Concern to 199}? WIPP PA (a)

Am-241 Cm-248 Pu-238 Ra-226 U-233

Am-243 Cs-137 Pu-239 Ra-228 U-234

Cf-252 Np-237 Pu-240 Sr-90 U-235
Cm-243 Pa-231 Pu-241 Th-229 U-236 _ i
Cm-244 Pb-210 Pu-242 Th-230 1J-238 . o
Cm-245 Pm-147 Pu-244 Th-232 “:;‘
(a) Not shown are decay daughters that are be calculated within the PA codes )

for the 1996 CCA calculations. {See Ref. SNL-4)

Table 2.
Release Limits for the Containment Requirements (a)
Release Limit per 1000 MTHM (b)
Radionuclide or Other Unit of Waste (c)
(&)

Americium (Am)-241 or -243 100
Carbon (C)-14 100
Cesium (Cs)-135 or -137 1,000
Iodine (I)-129 100
Neptunium (Np)-237 106
Phutonium (Pu)-238, -239, -240, or -242 100
Radium (Ra)-226 100
Strontivm (Sr)-90 1,000
Technetium (Tc)-99 16,000
Thorium (Th)-230 or -232 10
Tin (Sn)-126 1,000
Uranium (U)-233, -234, -235, -236, or -238 100
Any other alpha-emitting radionuclide with a half-life greater

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

that does not emit alpha particles 1,000

(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 MWd/tonne heavy metal.

(c) For TRU waste the unit of waste is "An amount of Transuranic (TRU) wastes containing one million curies
of alpha-emitting transuranic radionuclides with half lives greater than 20 years” (Ref. EPA-1b).




Table 3.
40CFR191 Unit of Waste for WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
D Decay Half- Total Transuranic % of
Mode Life Inventory Inventory Unit of
[Curies] (d) [o-Curies] (e) Waste
(b) (9 ()
CH RH CH RH (%)
Ac225 a.y 100d 2.88E+00 1.17E-01
Ac227 a. By 2177 a 6.08E-01 7.57E-04
Ac228 o F.y 6.15h 7.46E-01 1.TIE-02
Agl09m e 3985 1.57E+01 NR
Agll0 B .v.g 246 s 7.07E-(© 1.74E-09
Agi10m B, y.Te” 2498 d 5.31E-07 1.31E-07
Am241 .. 5F 4327 a 4.42E+05 5.96E+03 4.42E+05 5.96E+03 110
Am242 B.y.Ee 16.02 h 1.75E+00 NR
Am242m . iTe 141. h 1.7SE+00 NR
Am243 @By 737E+03 a 3.26E+01 2.28E-04 3.26E+01 228E-04 8.1E-04
Am245 By 2.05h 1.33E409 2.87E-16
AC17 a. By 32 ms 2.88E+00 1.17E-01
Bal37m T 2552 m 7.63E+03 2.04E+05
Bi210 o By 5014 2.55E+00 7.16E-06
Bizll o By 214 m 6.09E-01 7.58E-04
Bizl2 o f.y 1.009 h 271E+0] - 7.36E-02
Bi213 o By 456 m 2.88E+00 1.17E-01
Bi214 o By 199 m 1L16E+01 3.58E-05
Bk249 o, By 3.2E+02 d 9.16E-05 1.98E-11
Bk250 By 3217h 437E-11 NR
Cl4 i3 5730 a 1.08E+01 2.05E+00
Cd109 1.2 462.0d 1.57E+01 NR
Cdl113m BT 14.1a 1.82E-06 5.46E-07
Celdd By 284.6 d 6.26E-02 5.13E+00
Cf249 a,¥,5F 351 a 6.42E-02 4.47E-03 6.42E-02 447E-03 1.69E-06
Cf250 a,v,5F 13.1a 3.30E-01 NR .
CR251 .7 9.0E+02 a 3.78E-03 NR 3.78E-03 NR 9.28E-08
ces2 «,y,5F 2638 a 2.39E+12 1.29E+00
Cm242 &Y. 5F 162.8d 1.14E+00 NR
Cm243 @.7.5F & 29.1a 2.72E+00 4.95E+01 2,T2E+00 4,95E+01 1.28E-03
Cm244 a.y,SF 181a 3.15E+04 3.15E+02
Cm245 o.v.5F B.5E+03 a 11SE+02 1.46E-06 1.I5E+02 LASE-06 2.82E-03
Cm246 . y.5F 4.76E+03 a 1.0ZE-01 NE 1.02E-01 NR 2.51E-06
Cm247 @Y 1.56E+07 a 321E-09 NR 3.21E-09 NR 7.88E-14
Cm248 «,5F 3.48E+05 a 8.95E-2 2.05E-04 8.95E-02 2.05E-04 220E-06
Co58 B.7.E 70.88 d 3.05E-13 1.24E-11
Co60 By 5271a 6 46E+01 1.O4E+04
Cr51 ey 27.70 4 NR 3.04E-06
Cs134 B.v.E 2065a 1.34E2 1.84E+01
Cs135 g 2.3E+06 a 5.02E-04 1.17E-04
Cs137 By 30.17 a 8.06E+03 2.16E+05 (g)
Es254 a7 276 4 4.24E-11 NR




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

Nuclide WIPP TRU Waste
D Decay Half- Total Transuranic % of
Mode Life Inventory Inventory Unit of
[Curies] (d) {e-Curies] (e) Waste
(b) (c} {c)
CH RH CH RH (%)
Euls0 Y.& 36a 3.51E-05 NR
Eul52 By.ef 1348 2 1.26E+00 1.22E+03
Euls4 B 1.7 8.59 a 1.15E+00 5.91E+02
Eulss By 471a 9 46E-01 1.18E+02
Fess £ 273a 1.91E-05 1.69E-01
Fes9 By 44.51d 2.64E-07 NR
Fr2t oy 48m 2.88E+00 1.17E-01
Fr223 o By 218 m 8.39E-03 1.04E-05
H3 i3 1232 8.69E-01 6.60E-02
1129 By 1.5TE+07 a 7.05E-07 NR
K85 By 1073 a 2.02E-01 1.68E+00
Mn54 et 31224 8.51E-04 2.35E-02
Nb935 By 34974 2.54E-09 6.69E-01
Nb9Sm By 3.61d 8.50E-12 2.24E-03
Nis9 e 7.6E+04 a 7.52E03 NR
Ni63 F 100. a 9.19E-01 9.88E-01
Np237 x.y 2.14E+06 a 5.61E+01 2.85E+00 5.61E+01 2.85E+00 1.45E-03
Np238 B.v 21174 8.77E-03 NR
Np239 By 2.355d 3.26E+01 2.28E-04
Np240% B.y 1.032 h NR NR
Np240m By T 72 m 1.50E-G6 2.21E-11
Paz3l o,y 3.28E+04 a 4.51E-01 1.91E03
Pa233 B .y 27.04 5.61E+01 2.85E+00
Pa234 By 6.69 h 5.14E-02 1.36E-02
Pa234m By, 0T 1.17m 3.96E+01 1.OSE+01
Ph209 B 3.25h 2.88E+00 1.17E-01
Pb210 o By 223a 2.55E400 7.16E-06
Pb211 By 361 m 6.09E-01 7.58E-04
Pb2i2 By 10.64 hr 2.71E+01 7.36E-02
Pb214 By 27m 1.16E+01 3.58E-05
Pd107 By 6.5E+06 a 7.41E-05 1.73E-05
Pmid7 By 26234 a 7.87E+00 1.07E+01
Po210 a.y 13838 d 2.55E+00 7.16E-06
Po2li .y 05165 1.71E-03 2.12E-06
Po212 o 0.298 ps 1.73E+0 4.72E-02
Po2i3 1 4 ps 2.82E+00 1.15-01
Po214 o,y 163.7 us 1.16E+11 3.57TE-05
Po215 o, By 1.780 ms 6.00E-D1 7.58E-04
Po216 ¥ 01455 2.71E+01 7.36E-02
Po2l8 o By 3.10m 1.16E+01 3.58E-05
Priss By 1728 m 6.13E-02 5.07E+00
Pu236 .y, 5F 2.87a 1.04E-02 NR




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

L ——

Nuclide WIPP TRU Waste
b Decay Half- Total Transuranic % of
Mode Life Inventory Inventory Unit of
[Cunies] (d) [e-Curies] (e) Waste
t)] (c) (c)
CH RH CH RH (%)
Pu238 «.v.5F 877 a 2.61E+06 (D 14SE+03 2.61E+06 1.45E+03 64.1
Pu239 @,7.5F 2.410E+04 a 7.85E+05 1.03E+04 7.85E+05 LO3E+04 19.5
Pu240 @y, SF 6.56E+03 a 2.10E+05 S.07E+03 2.10E+05 5.07E+03 528
Pu241 By 1442 2.31E+06 1.42E+05
Pu242 .y, 5F 3.75E+05 a 1.17E+03 1.50E-D1 LI7E+03 1.50E-01 2.87E-02
Pu243 By 4956 h 3.21E-09 NR
Pu244 «.5F 8.0E+07 a 1.50E-06 221E-11 1.50E-06 221E-11 3.68E-11
Ra223 @,y 114354 6.09E-01 7.58E-04
Ra224 ey 3.66 d 2.71E+01 7.36E-02
Ra225 By 149 d 2.88E+00 1L17E-01
Ra226 ey 1.60E+03 a 1.16E+01 3.58E-05
Ra228 B 576 a 7.47TE-01 TE-R2
Rh106 By 2995 2.90E-02 1.09E+01
Rn219 @y 396 s 6.09E-01 7.58E-04
Rn220 @y 3565 2.71E+01 7.36E-02
Rn222 @y 3.8235d 1.16E+01 3.58E-05
Rul06 B 102 a 2Z.90E-2 1.09E+01
Sb125 oy 2758 a 1.21E-01 1.89E+00
Sbi26 By 12.4 ¢ 1.35E-04 3.16E-05
Sb126m ¥.2e” 1.0 m 9.65E-04 225E-04
5€79 B 6.5E+04 a 435E-04 1.02E-04
Smi5i By 9%0a 1.4TE+00 3.57E01
Snl19m y.ITe 293 d 4.14E-06 9.59E-07
Snl2lm 8.y, /Te 552 2.66E-02 6.69E-03
Snl26 By 1.0E+05 a 9.65E-04 2.25E-04
Sr891 [ 5052 d NR NR B
Sr90 in 291a 6.85E+03 2.09E+05 e
Tal82 By 114.43 ¢ NR 421E-08
Tc99 By 2.13E+05 a 2.52E+01 5.85E-03
Tel25m ¥, ITe” 58d 2.95E-02 4.65E-01
Tel27 By 94 h 1.30E-07 1.71E-09
Tel27m BT 109 d 1.33E-07 1.75E-09
Th227 a.y 1872 d 6.01E-01 7.4TE-04
Th228 oy 1913 a 2.71E+01 7.36E-02
Th229 @y 7.3E+03 a 2.88E+00 L1TE-O1
Th230 @y 7.54E+04 a 8.06E-02 7.56E-03
Th231 [:38% 1.063 d 128E+01 4.63E+00
Th232 oy 14E+10 a $.13E-01 925E-02
Th234 B,y 24.10 m 3.96E+01 1.0SE+01
TI207 By AT m 6.07E-01 7.56E-04
TI208 By 3053 m 9.73E+00 2.65E-02




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

Nuclide WIPP TRU Waste
ID Decay Half- Total Transuranic [ % of
Mode Life Inventory . Inventory Unit of
[Curies] {(d) [a-Curies] (e) Waste
{b) (¢} (©)
CH RH CH RH (%)
TI209 .7 22m 6.22E-02 2.53E-03
TI2103 B.Y 130m NR NR
U232 .y, SF 70 a 2.58E+01 NR
U233 a.v.5F 1.592E+05 a 1.79E+03 1.58E+02
U234 «,y.5F 2.46EHDS a 4,65E+02 427E+01
u23s a.y,SF 7.04E+08 a 1.28E+01 4.63E+00
U236 a.y.5F 23426407 a 3.33E-01 9 68E-02
U237 By 6.75d 5.66E+D1 348E+00
U238 o, 1. 5F 4.4TE+HS a 3.96E+01 1.05E+01
1240 By 14.1h 1.50E-06 221E-11
Y90 F.Y 2674 6.85E+03 2.05E+05
Zn65t B y.E 2438d NR NR
7193 By 1.5E+06 a 5.63E-03 1.32E-03
295 By 64.02d 1.15E-09 3.02E-01
Sum = 6.42E+06 1.02E+06 {4.048E+06) (2.283E+04) 100.00 %
(h) 0] 4.048E+06 (j) 2283E+4 (k)
Sum = 7.44E+06 (4.07E+06)
0} 4.07TE+06
(Unit of Waste = 4.07} (m)
Top 5 Radionuclides
Pu23s o7, SF 877 a 2.61E+06 (D) 1.45E+03 2.61E+06 1.45E+03 64.1
Pu239 o.v.5F 2.410E+04 a 7.85E405 1.03E+04 7.85E+05 1.03E+04 195
Am241 «.y.5F 4327 a 4.42E+05 5.96E+03 4.42E+05 5.96E+03 11.0
Pu240 o.v.5F 6.56E+03 a 2.10E+05 5.07E+03 2.10E+05 5.07E+03 528
Pu42 o,v,5F 3.75E+05 a 1.17E+03 1.50E-01 L1TEHD3 1.50E-01 287E-02
NR Not Reported by sites (see Ref. CCA-2).
% Data values for radionuclides were previously reported in Rev. 1 of WTWBIR (Ref. BIR-1).
1 Data values for radionuclides were previously reported in Rev. 2 of TWBIR (Ref. BIR-2).
@  Radionuclide inventory information taken 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 into the WIPP PA database, Ref. SNL-4.
(©}  Decay mode and half-life information taken from the Chart of the Nuclides, 14th Ed. Ref. GE-1. [It is better for techni-

cal calculations, to use halflives that are extracted from the databases of ORIGEN2 [Ref. OR-1] because the ORIGEN2
data are of a later version than that of Ref. GE-1 (sze Ref. SNL-5 for ORIGEN2 values).].
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Total inventory (curie) data taken from Ref. CCA-2. Values correspond to a "WIPP-Scale" desigm basis.

Transuranic inventory data comesponds to the activity (curie) data only for radionuclides that are "transuranic waste” per
definitions in 40CFR191 Inventory data in bold comesponds to those data incorporated into the WIPP PA database (see
Ref. SNL4).

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+06 = 1.08 (Cifcu. ft) = 38.1 (C/cu. m.). [See discussion note on Ref.
LWA-1 for volumes — CH—5.95E+06 cu. ft. Also note that the 5.95E+06 volume number is a volume limit, stored
waste and projected waste volumes sum up to a volume less than this volume. The summed vp volume is then "scaled”
to yield a totai volumne of 5.95E+06, likewise the cure loads are also "scaled” by the same factor. Thus ratios of curne
loads (or heat loads) to volume yield values are applicable to expected waste at WIPP (see Ref. BIR-2d). ]

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 [Ref. LWA-1]. The average RH-TRU volumerric total curie load
is 1.0ZE+06/0.25E+06 = 4.08 (Cifcu. ft.) = 144. (Cifow. m.). [See discussion note on Ref LWA-1 for volumes --
RH—025E+06 cu. ft.]

Note, there are only 15 radionuclides that comprise the "transuranic waste" (see footnote ¢ above). Eleven of these
radicnuclides are included in the WIPP PA data base and correspond to $9.99999% of the totai CH "transuranic” inven-
tory. The average CH-TRU volumetric "transuranic” curic load is 4.048E+06/5.95E+06 = 0.680 (TRU-Ci/cu. ft.) =
24.0 (TRU-Cifcn. m.).

Note, there are only 15 radionuclides that comprise the "transuranic waste” (see footnote e above). Eleven of these
radionuclides are included in the WIPP PA data base and correspond to 99.99998% of the total RH "transuranic” inven-
tory. The average RH-TRU volumetric "transuranic” curie load is 2.283E+4/025E+06 = 0.0913 (TRU-Ci/en. ft.) =
3.22 (TRU-Ci/en. m.). [The RH contribution to the WIPP-scale inventory of transuranic curie load is
2.283E+04*100%/(2.283E+04 + 4.048E+06)=0.561% (very small).] Note, this value is an order of magnitude less than
that presented for the CH-TRU wastes — since the majority of the curie content of the RH-TRU waste is due to shorter-
lived non-transuranic radionuclides, this means that as the shorter-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 Study (Ref. DOE-1) which showed that after about 150 — 250
years that CH-TRU waste has a higher specific activity than that of RH-TRU waste.

It is interesting to know that the Yucca Mountain Project (YMP) has approximately (2.4 billion curnies of inventory
(spent fuel — 63,000 MTU [YMP-1b] X 1.57E+05 CYMTU [YMP-1c] + vitrified high-level waste — 2.47E+09 Ci
[YMP-1d}). Thus YMP is equivalent to 1660 WIPPs as far as cure load is concerned. Even though WIPP is less than
one part in a thousand in comparison to YMP it still requires the same amount of work (with the exception of thermal
effects) to demonstrate compliance for WIPP as it does for YMP because the EPA compliance requirements are based
on a normalized basis (i.e., whether a repository has a radionuclide inventory on the order of millicuries, curtes, millions
of curies (like WIPP), or billicns of curies (like YMP), the amount of work (with the exception of thermal effects) to
show compliance is the same).

Note, the unit of waste (UW, calculated to three significant figures) is the same whether the UW s calculated using all
available information in the TWBID (Ref. CCA-2) or using the limited data within the WIPP PA database. {Also, only 4
radionuclides (AmZ241, Pu238, Pu239, and Pu240) make up 99.96% of the Unit of Waste value f[see Ref. EPA-1b] --
using 5 radionuclides (adding Pu242) makes up 99.9936% of the Unit of Waste value).

i



Table 4.

40CFR191 Release Limits for WIPP TRU Waste (a)

Nuclide WIPP TRU Waste
ID Decay Half- Total Release Limits
Made Life inventory Inventory EPA
[Cunies] (d) [o-Curies] (e) Unit
(b) (c) {c)
CH RH (CL/UW) (C)
Ac225 oY 100 d 2.88E+00 1.17E-01
Ac227 e 2177 a 6.08E-01 7.57E-04 100. 407. 1.50E-03
Ac228 a. By 6.15h 7.46E-01 7ITEQ2
Agl09m e 398 1.57E+01 NR
Agl10 B¢ 2465 7.07E-09 1.74E-09
Agl110m By, e 249.8 d 5.31E-07 1.31E-07
Am241 @.v.5F 4327a 4.42E405 5.96E+03 100. 407. 1101
Am242 B.y.ee” 16.02 h 1.75E+00 NR
Am242m . e 141.h 1.75E+00 NR
Am243 ap.y 7.37E+03 a 3.26E+01 2.28E-04 100. 407. 8.01E-02
Am245 By 205h 1.33E-09 2.87E-16
ARl7 o By 32 ms 2.88E+00 1.17E-0t
Bai37m T 2552 m 7.63E+03 2.04E+05
Bi2i0 oy 5014 2.55E+00 7.16E-06
Bi211 o By 214m 6.09E-01 7.58E-04
Bi212 o By 1.00% h 2.71E+01 7.36E-02
Bi213 @By 456 m 2.88E+00 1.17E-01
Bi214 a B,y 199 m 1.16E+01 3.58E-05
Bk249 @ .y 3.2E+02 d 9.16E-05 1.98E-11
Bk250 By 3217k 4.37E-1] NR
Cl4 B 5730 a 1.08E+01 2.05E+00 100. 407, 3.16E-02
C4109 1. 462.0 d 1.57E+01 NR
Cd113m BT 14.12 1.82E-06 5.46E-07
Cel44 B,y 2846 @ 6.26E-02 5.13E+00
CR249 a.v.5F 351a 6.42E-02 4.47E-03 100. 407. 1.69E-04
Cf250 a.v.5F 13.1a 3.30E-01 NR
Cf251 @y S.0E+02 2 378E-03 NR 100. 407. 9.29E-06
ces2 .y, 5F 26382 239E+02 1.29E+00
Cm242 a,v,5F 162.8 d 1.14E+00 NR
Cm243 .v,5F .¢ 29.1a 272E400 | 495E+01 100. 407, 9.128
Cm244 @.y.5F 18.1a 3.15E+04 3.15E+02
Cm245 «,7.5F 8.5E+03 a 1.15E+02 1.46E-06 100. 407. 0.283
Cm246 a,v,SF 4T6E+03 a 1.02E-D NR 100. 407, 2.51E-04
Cm247 oy 1.56E+07 a 321E-09 NR 100. 407. 7.89E-12
Cm248 @, SF 3.48E+05 a 8.95E-02 2.05E-04 100. 407. 2.20E-04
Cos58 B.7.E 70.88 d 105E-13 124E-11
Co60 By 52T a 6.46E+01 1.O4E+04
Cr51 ey 2770 4d NR 3.04E-06
Cs134 p.y.e 2065 a 134E-02 1.84E+01
Cs135 B 2.3E+06 a 5.02E-04 1.17E-04 1000. 4070, 1.52E-07
Cs137 By 30.17 a 8.06E+03 2.16E+05 (g) 1000. 4070. 55.1
Es254 oy 276 d 424E-11 NR




Table 4 Continued.
40CFR191 Release Limits for WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
ID Decay Half- Total Release Limits
Mode Life [nventory Inventory EPA
[Curies] (d) [o-Curies] (e) Unit
(b) () (c)
CH RH (CL/UW) (CD
Eul50 1.€ 362 3 51E-05 NR
Euls2 By, ef* 1348 a 1.26E+00 1.22E+03
Eul54 Bov.ey 859 a 1.15E+00 551E+02
Eul55 By 471a 9.46E-01 1.18E+02
Fe5s e 2732 191E-05 1.69E-01
Fes9 By 451 d 2.64E-07 NR
Fr22i @y 48m 2.88E+00 §.17E-01
Fr223 @By 218m 8.39E-03 1.04E-05
H3 B 1232 8.69E-01 6.60E-02
1129 By 1.57E+07 a 7.05E-07 NR 100, 407. 1.73E-09
Kr8s By 1073 a 2.02E-01 1.68E+00
Mn54 ey 31224 8.51E-04 2.35E-02
Nb95 By 34.97d 2.54E-09 6.69E-01
Nb9Sm B.y.IT 361d 8.50E-12 2.24E-03
Nis9 e 7.6E+04 a 7.52E-03 NR 1000. 4070. 1.85E-06
Ni63 B 100. a 9.19E-01 9 88E-01 1000. 4070. 4.69E-04
Np237 @y 2.14E+06 a 5.61E+01 2.85E+00 100 407. 1.45E-01
Np238 B.y 21174 R.77E-03 NR
Np239 By 23554 3.26E+01 2.28E-04
Np240% By 1.032h NR NR
Np240m B 7. 0T 722m 1.50E-06 221E-11
Pa231 @y 328E+04 a 4.51E-01 1.91E-03 100. 407. 1.11E-03
Pa233 By 2704 5.61E+01 2.85E+00
Pa234 By 6.69 h 5.14E-02 1.36E-02
Pa234m gy T 117 m 3.96E+01 1.05E+01
Pb209 3 325h 2.83E+00 1.17E-01
Pb210 oY 23a 2.55E+00 7.16E-06 100. 407. 6.27TE-03
Pb211 By 361m 6.09E-01 7.58E-04
Pb212 By 10.64 he 2.71E+01 736E-02
Pb214 By 27m LI6E+01 3.58E-05
Pd107 By 6.5E+06 a 7.41E-05 L73E-05 1000, 4070. 2.25E-08
Pmi47 By 26234 a 7.8TE+00 L.OTE+01
Po210 ay 13838 d 2.55E400 7.16E-06
Po211 a.y 05165 1.71E-03 2.12E-06
Po212 a 0.298 us 1.73E+01 4TE-0
Po213 a 4 ps 2.82E+00 1.15E-01
Po214 a,y 163.7 ps 1.16E+01 3.57E-05
Po215 o By 1.780 ms 6.09E-01 7.58E-04
Po216 @y 0.145 s 271E+01 7.36E-02
Po218 @By 310 m 116E+01 3.58E-05
Prid4 By 17.28 m 6.18E-02 5.07E+00
Pu236 a.y.5F 287 a 1.04E-02 NR




Table 4 Continued.
40CFR191 Release Limits for WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
D Decay Half- Total Release Limits
Mode Life Inventory Inventory EPA
[Curies] (d) [e-Curies] (e) Unit
(b) {c) (c)
CH RH (Ci/UW) (Ci)
Pu238 oy, 5F 877 a 2.61E+06 (D) 1.45E+03 100. 407. 6416,
Pu23g . ¥.SF 2.410E+04 a 7.85E+05 1.O3E+04 100. 407. 1954,
Pu240 «.y.5F 6.56E+03 a 2.10E405 5.07E+03 100. 407. 528.
Pu241 . B,y 1442 2 31E+06 1.42E+05
Pu242 @,7,5F 3.75E+05 a 1.17E+03 1.50E-01 100. 407. 188
Pw243 By 4956 b 321E-09 NR
Pu244 . 5F 8.0E+07 2 1.50E-06 221E-1 100. 407. 3.69E-09
Ra223 @,y 11435 d 6.09E-01 7.58E-04
Ra224 @y 3.66d 2 HE+01 7.36E-02
Ra225 By 149 d 2.88E+00 1.17E-01
Ra226 oy 1.60E+03 a 1.16E+01 3.58E-05 100. a7, 2.85E-02
Ra22§ By 576 a 7.47E-01 7.77E-02
Rh106 [ 299 s 2.90E-02 1.09E+01
Rn219 ey 396 s 6.09E-01 7.58E-04
Rn220 @,y 556 2.71E+01 7.36E-02
Rn222 oy 3.8235d L.16E+01 3.58E-05
Rul06 3 102 a 2.90E-(2 1.09E+01
§b125 By 2758 a 1.21E-01 1.89E+00
Sbi26 By 1244 1.35E-04 3.16E-05
$b126m .80 190 m 9.65E-04 2.25E-04
579 B 6.5E+04 2 435E-4 1.02E-04 1000. 4070. 1.32E-07
Sml5! B.v 90 a 1.47E+00 3.57E-01 1000. 4070. 4.49E-04
$nl1%m 1.0 293d 4.14E-06 9.59E-07
SnlZlm B.Y.0Te 55a 2.66E-02 6.69E-03 1000. 4070, 8.18E-06
Se126 By 1.0E+05 a 9.65E-04 225E-4 1000. 4070. 2.92607
Sr891 By 5052 d NR NR
Sro0 B 29.1a 6.85E+03 2.09E+05 1000. 4070. 53.0
Talg2 #.7 11443 d NR 421E-08
Te99 By 2.13E+05 2 2.52E+01 5.85E-03 10000. 40700 6.19E-04
Tel25m Y, Te 58d 2.95E-02 4.65E-01
Tel27 By 94h 1.30E-07 1L71E-9
Tel27m B WITe” 109 4 133607 1.75E-09
T™h227 oy 1872 d 6.01E-01 TATED4
TH228 oy 1913 a 2.71E+01 7.36E-02
Th229 ay 7.3E+03 a 2.88E+00 1.17E-01 100. 407. 736E-03
Th230 o,y 7.54E+04 a 8.06E-02 7.56E-03 10. 40.7 217E-03
Th231 By 1.063 d 1.28E+01 4.63E+00
Th232 ey 14E+10 2 9.13E-01 925E-02 10. 407 2.48E-02
Th234 By 24.10 m 3.96E:01 1.OSE+01
TI267 By 47T m 6.07E-01 7.56E-04
TI208 B.r 3.053 m $.73E+00 2.65E-02




Table 4 Continued.
40CFR191 Release Limits for WIPP TRU Waste (a)
Nuclide WIPP TRU Waste
ID Decay Half- Total Release Limits
Mode Life Inventory Inventory EPA
{Curies] (d) [o-Curies] (e) Unit
(b) (c) {c)
CH RH (CLUW) (%))
TI209 By 22m 6.22E-02 2.53E-03
T210¢ B.y 130 m NR NR
U232 oy, 5F 702 2.58E+01 NR 100. 407 6.34E-02
U233 &7, 5F 1.592E+05 a 1.79E+03 1.58E+02 100. 407 479
U234 «,7.5F 2.46E+05 a 4.65E+02 4.27E+01 100. 407. 125
U235 a.v,SF 7.04E+08 a 1.28E+01 4.63E+00 100. 407. 428E-02
U236 ., SF 2.342E+07 a 3.33E-01 9.68E-02 100. 407. 1.06E-03
U237 By 675d 5.66E+01 3.48E+00
U238 ., SF 4.47E+09 a 3.96E+01 1.05E+01 100. 407. 1.23E-01
U240 By 14.1h 1.50E-06 221E-11
Y90 By 2674 6.85E+03 2.09E+05
Zn65t Bry.e 2438 d NR NR
293 By 1.5E+06 2 5.63E-03 1.32E-03 1000. 4070. 1.71E-06
Z:95 By 64.02 d 1.15E-09 3.02E-01
Sum = 6.42E+06 1.02E+06 (1.012E+04)
1] @ 1.012E+04 (j)
Sum = TA4EH)G
Top 10 Radionuclides (k)
ID Total Inventory EPA Unit el 76
(b) = -/
CH RH Total CH RH Total Curnulative 487
Pu238 2.61E+06 (D 1.45E+03 2.61E+06 6413. 3.56 6416. 063418
Pu239 7.85E405 1.O3E+04 7.95E405 1929. 253 1954, 0.82732
Am241 4.42E+05 5.96E+03 4.4B8E+05 1086. 146 1101. 093611
Pu240 2.10E+05 5.07TE+03 2.15E405 516. 125 528 0.98834
Cs137 8.06E+03 2.16E+05 (g) 2.24E405 1.98 53.1 55.1 0.99378
Sr90 6.85E+03 2.09E+05 216E+05 1.68 51.4 53.0 0.99902
U233 1.79E+03 1.58E+02 1.95E+03 4.40 039 479 0.99950
Pu242 1.17E+03 1.50E-01 1L17E+03 2.87 3.69E-04 2.88 0.99978
U234 4.65E+02 4.27E+01 5.08E+02 1.14 0.10 125 0.99990
Cm245 1.1SE+02 1.46E-06 L15E+02 0.283 3.59E-09 0.283 0.99993

NR Not Reported by sites (see Ref. CCA-2).
Data values for radionuctides were previously reported in Rev, 1 of WTWBIR (Ref. BIR-1).
Data values for radionuclides were previously reported in Rev. 2 of TWBIR (Ref. BIR-2).
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Radionuclide inventory information taken from Transuranic Waste Baseline Inventory Database (TWBID),
Ref, CCA-2. (in total, 135 radionuclides are inventoried in the TWEBID) '

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

Decay mode and half-life information taken from the Chart of the Nuclides, 14th Ed. Ref. GE-1. [It is benter
for technical calculations, to use halflives that are extracted from the databases of ORIGEN2 [Ref. OR-1]
because the ORIGEN2 data are of a later version than that of Ref. GE-1 (see Ref. SNL-5 for ORIGEN2
values).]

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

Release limits are determined in accordance with 40CFR19! (Appendix A, Table 1) [Ref. EPA-1]. Left
column corresponds to specific release limits (cumulative releases to the accessible environment for 10,000
years after disposal per "unit of waste” identified in Note 1(e) of Table |, 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) determined from data in the Transuranic Waste Baseline Inventory Database (BID) [Ref. CCA-2].
{sotope with dominate curie load for CH-TRU wastes.

Isotope with dominate curie Ioad 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+06 = 1.08 (Cifeu. ft.) = 38.1 (Ci/cu. m.). [See dis-
cussion note on Ref. LWA-1 for volumes -- CH—5.95E+06 cu. ft. Also note that the 5.95E+06 volume
number is a volume limit, stored waste and projected waste volumes sum up to a volume less than this
volume. The summed up volume is then "scaled” to yield a total volume of 5.95E+06, likewise the cure
loads are also "scaled” by the same factor. Thus ratios of curie foads (or heat loads) to volume yield values
are applicable to expected waste at WIPP (see Ref. BIR-2d). ]

Note, the total RH-TRU curie load is only 1.02 MCi (also, only 13.7 % of the total curie load in WIPP).
This cure load is mech less than the RH-TRU limit of 5.1 MCi {Ref. LWA-1]. The average RH-TRU
volumetric total curie load is 1.02E+06/0.25E+06 = 4.08 (Cifcu. &) = 144. (Cifcu. m.). [See discussion
note on Ref. LWA-1 for volumes -- RH—0.25E+06 cu. ft.]

Note, there are 42 radionuclides that comprise the "EPA Unit" (see footnote e above). 25 of these radionu-
clides are included in the WIPP PA data base and correspond o 99.99903% of the total CH- and RH-TRU
"EPA Unit" inventory. The average CH-TRU volumetric "EPA Unit" load is 9.956E+03/5.95E+06 = 1.67E-
03 (EPA Unit/cu. fi) = 5.91E-02 (EPA Unit/cu. m.). The average RH-TRU volumetric "EPA Unit" load
is 1.611E+02/0.25E+06 = 6.44E-04 (EPA Unit/cu. ft.) = 228E-02 (EPA Unit/cu. m.). [The RH coniribu-
tion to the WIPP-scale inventory of transuranic curie load is 1.611E+02*100%A1.611E+02 +
9.956E+03)=1.592% (very small).] Note, this value is about two orders of magnitude less than that
presented for the CH-TRU wastes -- since the majority of the curie content of the RH-TRU waste is due to
shorter-lived non-transuranic radionuclides, this means that as the shorter-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 Study (Ref. DOE-1) which
showed that after about 150 — 250 years that CH-TRU waste has a higher specific activity than that of RH-
TRU waste.

Note, the EPA Unit (calculated to four significant figures) is the same whether the EPA Unit is caiculated
using all available information in the TWBID (Ref. CCA-2) or using the limited data within the WIPP PA
database. [Also, only 4 radionuchides (Pu238, Pu239, Am241, and Pu240) make up 98.83% of the EPA Uit
(see Ref. EPA-1b) — using 6 radionuclides {(adding Cs137 & S5r90) makes up 99.9023% — using the top 10
radionuclides makes ap 99.9932% of the EPA Unit].




Table 3
Radionuclides Al;_)icable to 40CFR191
But Not Reported in TWBIR (a)

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

Ac-227 Gd-150 Po-209
Am-242m Gd-152 Pt-190
Bi-210m Hf-174 Sm-146
Bk-247 Nd-144 Sm-147
Dy-154 Np-235 Sm-148
Gd-148 Os-186

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

Agz-108m Ho-166m Pi-193
Al-26 In-115 Rb-87
Ar-39 Ir-192m Re-186m
Ar4? K-40 Re-187
Be-10 Kr-81 Se-82
Bi-207 La-137 8i-32
Bi-208 La-138 Ta-180m
Ca-41 Lu-176 Tb-157

Cd-113 Mn-53 Th-158
Cl-36 Mo-93 Tc-97
Cm-250 (b) Nb-91 Tc-98

Fe-60 Nb-92 Te-123

Hf-178m Nb-94 Te-130
Hf-182 Np-236 Ti-44
Hg-194 Pb-202 V-50

Ho-163 Pb-205

(a) See Refs. BIR-2b & EPA-1.
(b) It has not yet been proven that Cm-250 decays by anything other than spontancous
fission (since Cm-250 is very neutren rich, it is very difficult to generate it [GE-1b]).




Table 6. Disposal Radionuclide Inventory

Nuclide WIPP TRU Waste
D Total Mass Moles
Inventory Load Load
{Cunes] Kgl {Moles]
(a) {b) (©)
CH RH CH RH Total CH RH Total
Ac225 2.88E+00 1.17E-01 4.96E-08 2.02E-09 5.16E-08 2.21E-07 8.96E-09 2.30E-07
Ac227 6.08E-01 7.5TE-04 8 41E-06 1.05E-08 8.42E-06 3.70E-05 4.61E-08 3.71E-05
Ac228 7.46E-01 7.77E-02 3.33E-10 347E-11 3.67E-10 1.46E-09 1.52E-10 1.61E-09
Ag109m 1.STE+01 NR 6.00E-12 - 6.00E-12 551E-11 - 5.51E-11
Agl10 7.07E-09 1.74E-09 1.69E-21 4.17E-22 2.11E-21 1.54E-20 3.79E-21 1.92E-20
Agl10m 531E-07 1.31E-07 1.12E-13 2.76E-14 1.39E-13 1L.02E-12 2.51E-13 1.27E-12
Am241 4.42E+05 5.96E+03 1.29E402 1.74E+00 1.31E+02 534E+02 7.21E+00 5.42E+02
Am242 1.75E400 NR 2.17E-09 - 2.17E-09 8.95E-09 - 8.95E-09
Am242m 1.75E+00 NR 1.50E-04 - 1.80E-04 7.44E-04 - 7 44E-04
Am243 3.26E+01 2.28E-04 1.64E-01 1.14E-06 1.64E-01 6.73E-01 471E-06 6.73E-01
Am245 1.33E-09 2.87E-16 2.15E-19 4.65E-26 2.15E-19 8.79E-19 1.90E-25 8.79E-19
A217 2.88E+00 1.17E-01 1.79E-15 7.27E-17 L.86E-15 8 25E-15 3.35E-16 8.58E-15
Bal37m 7.63E+03 2.04E+05 1.42E-08 379E-07 3.93E-07 1.04E-07 2.77E-06 2.87E-06
Bi210 2.55E+00 7.16E-06 2.06E-08 5.77E-14 2.06E-08 9.79E-08 2.75E-13 9.79E-08
Bi211 6.09E-01 7.58E-04 1.46E-12 1.B1E-15 1.46E-12 6.90E-12 8.59E-15 6.91E-12
Bi212 2.71E+DI 7.36E-02 1.85E-09 5.02E-12 1.86E-09 8.73E-09 2.37E-11 8.75E-09
Bi213 2.88E+00 1.17E-01 1.49E-10 6.05E-12 1.55E-10 6.99E-10 2.84E-11 7.28E-10
Bi2l4 1.16E+01 3.58E-05 2.63E-10 8.11E-16 2.63E-10 1.23E-09 3.79E-15 1.23E-09
Bk249 9.16E-05 1.98E-11 5.59E-11 121E-17 5.59E-11 225E-10 485E-17 2.25E-10
BK250 437E-11 NR 1.12E-20 - L12E20 , | 449E20 | - | 4A9E-20
cia oo E | CosErs[C T e $ ¢ Ttk |z ek ey
Cd109 1.57E+01 NE 6.08E-06 = 6.08E-06 5.58E-05 = 5.58E-05
Cd113m 1.84E-06 5.46E-07 8.48E-12 2.52E-12 1.10E-11 7.51E-11 2.23E-11 9.74E-11
Celad 6.26E-02 5.13E+00 1.96E-08 1L61E-06 1.63E-06 1.36E-07 1.12E-05 1.13E-05
Cf249 6.42E-02 4.47E-03 1.57E-05 1.09E-06 1.68E-05 6.29E-05 438E-06 6.73E-05
Cf250 330E-01 NR 3.02E-06 - 3.02E-06 121E-05 - 1.21E-05
Cf251 3.78E-03 NR 2.38E-06 - 2.38E-06 9.50E-06 - 9.50E-06
cRs2 2.39E+(2 1.29E+00 445E-04 2.40E-06 4.4TE-04 1.76E-03 9.52E-06 1.77E-03
Cm242 1.14E+00 NR 345E-07 - 3.45E07 1.42E-06 - 1.42E-06
Cm243 2.72E+00 4.95E+01 5.27E-05 9.59E-04 1.01E-03 2.17E-04 3.95E-03 4.16E-03
Cm244 3.15E+04 3.15E+02 3.89E-01 3.89E-03 3.93E-01 1.60E+00 1.60E-02 1.61E+00
Cm245 1ISE+02 1.46E-06 6.70E-01 8.51E-09 6.70E-01 2.73E+00 3.47E-08 2.73E+00
Cm246 1.02E-01 NR 3.32E-04 - 3.32E-04 1.35E-03 - 1.35E-03
Cm247 3.21E-09 NR 3.46E-08 - 3.46E-08 1.40E-07 - 1.40E-07
Cm248 8.95E-02 2.05E-04 2.11E-02 4.82E-05 2.11E-02 8.49E-02 1.94E-04 8.51E-02
Cos8 3.058-13 1.24E-11 9.58E-21 3.89E-19 3.99E-19 1.65E-19 6.72E-18 6.89E-18
Cot 6.46E+01 1.04E+04 571E05 9.19E-03 9.25E-03 9.52E-04 1.53E-01 1.54E-01
Csl NR 3.04E-06 - 3.29E-14 3.29E-14 - 6.45E-13 6.45E-13
Cs134 1.34E-02 1.84E+01 1.03E-08 1.42E-05 1.42E-05 7.73E-08 1.06E-04 1.06E-04
Cs135 5.02E-04 1.17E-04 436E-04 1.02E-04 5.37E-04 3.23E-03 7.53E-04 3.98E-03
Cs137 8.06E+03 2.36E+05 9.26E-02 2.48E+00 2.5TE+00 6.76E-01 1.81E+01 1.88E+01
®
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Table 6 Continued. Disposal Radionuclide Inventory

Nuclide WIPP TRU Waste
D Total Mass Moles
Inventory Load Load
[Curies] [Kg [Moles]
{a) (b) {c)
CH RH CcH RH Total CH RH Total

Es254 4.24E-11 NR 2.27E-17 - 227E-17 8.95E-17 - 8.95E-17
Euls0 3.51E-05 NR 530E-10 - 5.30E-10 3.53E-09 - 3.53E-09
Eul52 1.26E+00 1.22E+03 7.2RE-06 7.05E-03 7.06E-03 4 79E-05 4 64E-02 4.65E-02
Euls4 1L.1SE+00 5.91E+02 4.26E-06 2.19E-03 2.19E-03 2.77E-05 .42E-02 1.42E-02
Eul55 9.46E-01 1.18E+02 2.03E-06 2 54E.04 2.56E-04 1.31E-05 1.64E-03 1.65E-03
Fe55 1.91E-05 1.69E-01 763E-12 6.75E-08 6.75E-08 1.39E-10 1.23E-06 1.23E-06
Fes9 2.64E-07 NR 5.36E-15 - 5.36E-15 9.10E-14 - 9.10E-14
Fr221 2.88E+00 1.17E01 1.62E-11 6.60E-13 1.69E-1% 735E11 2.99E-12 7.65E-11
Fr223 8.39E-03 1.O4E-Q5 2.17E-13 2.69E-16 2.17E-13 9.73E-13 T 121E-15 9.74E-13
H3 8.69E-01 6.60E-02 9.05E-08 6.88E-09 9.74E-08 3.00E-05 2.28E-06 3.23E-05
1129 7.05E-07 NR 3.99E-06 - 399E-06 3.10E-05 - 1.10E-05
K185 2.(2E-01 1.68E+00 5.14E-07 4.28E-06 4.79E-06 6.06E-06 5.04E-05 5.64E-05
MnS4 2.51E-04 235E-02 1.10E-10 3 03E-09 3.14E09 2 D4E-09 5.62E-08 5.83E-08%
Nb95 2.54E-09 6.69E-01 6.49E-17 1.71E-08 1.71IE-08 6.84E-16 1.80E-07 1.80E-07
NB9Sm 8.50E-12 2.24E-03 2.23E-20 5.84E-12 5.88E-12 235E-19 6.19E-11 6.19E-11
Nis9 7.52E-03 NR 9.92E-05 - 9.92E-05 1.68E-03 - 1.68E-03
Ni63 9.19E-01 9.88E-01 1.49E-05 1.60E-05 3.09E-05 2 36E-04 2.54E-04 4.91E-04
Np237 5.61E+01 2.35E+00 7.96E+01 4.04E400 8.36E+01 3.36E+02 1 75E+01 3.53E+02
Np238 8.776-03 NR 338E-11 — 3.38E-11 1.42E-10 - 1.42E-10
Np239 3.26E+01 2.28E-04 [A1E-07 9.83E-13 1.41E-07 5.88E-07 4.11E-12 5 88E-07
Np240m 1.50E-06 2.21E-11 1.42E-17 2.09E-22 1.42E-17 5.90E-17 8.70E-22 5.50E-17
Pa231 4.51E-01 1.91E-03 9.55E-03 4.04E-05 9.59E-03 4.13E-02 1.7SE-04 4.15E-02
Pa233 S.61E+01 2.35E+00 2.70B-06 137E-07 2.B4E-06 1.16E-05 5.39E-07 1.22E-05
Pa234 5.14E-02 1.36E-02 2.57E-11 681E-12 3.25E-11 1.10E-10 2.91E-11 1.39E-10
Pa234m 3.96E+01 1.05E+01 5.77E-11 1.53E-11 7.30E-11 2.46E-10 6.53E-11 1.12E-10
Pb209 2,.88E+00 1.17E-01 6.34E-10 2.57E-11 6.60E-10 3.03E-09 1.23E-10 3.16E-09
Pb210 2.55E+00 7.16E-06 3 34E-05 9.38E-11 3.34E-05 1.59E-04 4.47E-10 1.59E-04
Pb211 6.09E-01 7.58E-04 2 47E-i1 3.07E-14 2.47E-11 1.17E-10 1.46E-13 1.17E-10
Pb212 2.71E+01 7.36E-02 1.95E-08 5.30E-11 1.96E-08 9.20E-08 2.50E-10 9.23E-08
Pb214 1.16E+01 3.58E-05 3.54E-10 1.09E-15 3.54E-10 1.65E-09 5.10E-15 1.65E-09
Pd107 7.41E-05 1.73E-05 1.44E-04 3.36E-05 1.78E-04 1.35E-03 3.14E-04 1.66E-G3
Pm147 7.87TE+00 1.07E+01 8 48E-06 1.I5E-05 2.00E-05 5.78E-05 7.85E-05 1.36E-04
Po210 2.55E+00 7.16E-06 5.68E-07 1.59E-12 5.68E-07 2.70E-06 7.59E-12 2.70E-06
Po21t 1.71E-03 2.12E06 1.79E-17 2.22E20 1.79E-17 8.49E-17 1.05E-19 8.50E-17
Po2i2 1.73E+01 472E02 9.75E-20 2.66E-22 9.78E-20 4.60E-19 1.26E-21 4.61E-19
Fo213 2 82E+00 1.15E-01 2.24E-19 9.12E-21 233E-19 1.05E-18 4.28E-20 1.09E-18
Po214 1.16E+01 3.57E-05 3.62E-17 1.11E22 3.62E-17 1.69E-16 5.20E-22 1.69E-16
Po2l5 6.09E-01 7.58E-04 2.07E-17 2.57E-20 2.07E-17 9.61E-17 1.20E-19 9.62E-17
Po216 2.71E+01 7.36E-02 7.78E-14 2.11E-16 7.80E-14 3.60E-13 9.79E-16 3.61E-13
Po218 LI6E+01 3.58E-05 4.10E-11 1.27E-16 4.10E-11 1.88E-10 5.81E-16 1.88E-10
Prias 6.18E-02 5.07E+00 8.18E-13 6.71E-11 6.79E-11 5.68E-12 4.66E-10 4.T2E-10
Pu236 1.04E-02 NR 1.96E-08 - 1.96E-08 8.29E-08 - 8.29E-08




[ Table 6 Continued. Disposal Radionuclide Inventory

Nuclide WIPP TRU Waste

D Total Mass Moles
Inventory Load Load
[Curies] [Kgl [Moles]
{a) (b) )
CH RH CH RH Total CH RH Total
Pu238 2.61E+06 1.45E+03 1.52E+02 8.47E-02 1.53E+02 6.41E+02 3.56E-01 6.41E+02
(e)

Pu239 7.85E+05 1.03E+04 1.26E+04 1.66E+02 1.28E+04 5.28E+04 6.93E+02 5.35E+04
Pu240 2.10E+05 5.07E+03 9.22E+02 2.23E+01 9.44E+02 3.84E+03 9.27E+01 3.93E+03
Pu24i 2.31E+06 1.42E+05 2.24E+01 1.38E+00 2.38E+01 9.30E+01 5.72E+00 9.88E+01
Pu242 1.17E+03 1.50E-01 3.07E+02 3.93E-02 3.07E+02 1.27E+03 1.62E-01 1.27E+03
Pu243 321E-09 NR 1.23E-18 - 1.23E-18 5.08E-18 - 5.08E-18
Pu2a4 1.50E-06 221E-11 8 46E-05 [ 25E-09 8.46E-05 3.47E-04 5.11E-09 J4TE-04
Ra223 6.09E-01 7.58E-04 1.19E-08 1.48E-11 1.19E-08 5.33E-08 6.64E-11 5.34E-08
Ra224 2.71E+01 7.36E-02 1.70E-07 4.62E-10 L.71E-07 7.60E-07 2.06E-09 7.62E-07
Ra225 2.88E+00 1.17E-01 7.35E-08 2.98E-09 7.65E-08 3.27E-07 1.33E-08 3.40E-07
Ra226 1.16E+D1 3.58E-05 LI7E-02 3.62E-08 L17E-02 5.19E-02 1.60E-07 5.19E-02
Ra228 7.47E-01 7.77E-02 3.19E-06 3.32E-07 3.52E-06 1.40E-05 1.46E-06 1.55E-05
Rh106 2.90E-02 1.09E+01 8.14E-15 3.06E-12 3.07E12 7.69E-14 2.39E-11 2.90E-11
Rn219 6.09E-01 7.58E-04 4.68E-14 5.83E-17 4.69E-14 2.14E-13 2.66E-16 2.14E-13
Rn220 271E+01 736E-02 2.94E-11 T93E-14 295E-11 1.34E-10 3.63E-13 1.34E-10
Rn222 1.16E+01 3.58E-05 7.54E-08 233E-13 7.54E-08 3.40E-07 1.0SE-12 3.40B-07
Rul06 2.90E-02 1.09E+01 8 .66E-09 325E-06 3.26E-06 8.18E-08 3.07E-05 3.08E-05
Sbl2s 1.21E-01 1.89E+00 1.17E-07 1.83E-06 1.95E-06 9.38E-07 1.46E-05 1.56E-05
Sb126 1.35E-04 3.16E-05 LSIE-12 378E-13 1.99E-12 1.28E-11 3.00E-12 1.58E-11
Sb126m 9.65E-04 2.25E-04 1.23E-14 2 86E-15 L.51E-14 9.75E-14 227E-14 1.20E-13
Se79 435E-04 1.02E-04 6.24E-06 1.46E-06 7.70E-06 790E05 - | 185E-05 9.76E-05
SmiSI 1.47TE+00 3.57E-01 5.58E-05 1.36E-05 6.94E-05 3.70E-04 8.99E-05 4.60E-04
Sn119m 4.14E-06 9.59E-07 9.24E-13 2.14E-13 1.14E-12 7.77E-12 1.80E-12 9.57E-12
Sn12lm 2.66E-02 6.69E-03 4.50E-07 1.13E-07 5.63E-07 3.72E-06 9.35E-07 4.65E-06
Sn126 9.65E-04 2.25E-04 3 40E-05 7.93E-06 4.19E-05 2.70E-04 6.29E-05 333E-04
Srg9t NR NR ~ - - - - -
$190 6.85E+03 2.09E+05 5.02E-02 1.53E+00 1.58E+00 5.58E-01 1.70E+01 1.76E+01
Tal82 NR 421E-08 - 6.75E-15 6.75E-15 - 3.71E-14 371E-14
Te99 2.52E+01 5.85E-03 1.49E+00 3 45E-04 1.49E+00 1.50E+01 3.49E-03 1.50E+01
Tel2Sm 2.95E-02 4.65E-01 1.64E-09 2.58E-08 2.74E-08 1.31E-08 2.07E-07 220E-07
Tel2? 1.30E-07 1.71E-09 4.92E-17 6.47E-19 4.99E-17 3.836-16 5.10E-18 393E-16
Tel27m 1.33E-07 1.75E-09 1.41E-14 1.85E-16 1.43E-14 L11E-13 1.46E-15 1.12E-13
Th227 6.01E-01 7.47E-04 1.96E-08 2.43E-11 1.96E-08 8.61E-08 1.07E-10 8.62E-08
Th228 2.71E+01 7.36E-02 3.31E-05 8.98E-08 3.32E-05 1.45E-04 3.94E-07 145E-04
Th229 2.88E+00 1.17E-01 1.35E-02 5.50E-04 1.41E-02 5.91E-02 2.40E-03 6.15E-02
Th230 8.06E-02 7.56B-03 3.99E-03 375E-04 437E-03 1.74E-02 1.63E-03 1.90E-02
Th231 1.28E+01 4.63E+00 2.41E-08 8.71E-09 3.28E-08 1.04E-07 3.77E-08 1.42E-07
TH232 9.13E-01 9.25E-02 8.33E+03 844E+02 9.17E+03 3.59E+04 3 64E+0) 395E+04
Th234 3.96E+01 1.0SE+0! 1.71E-06 4.54E-07 2.16E-06 7.31E-06 1.94E-06 9.25E-06
TI207 6.07EC1 7.56E-04 3.19E-12 397E-15 319812 1.54E-11 192E-14 1.54E-11
TI208 9.73E+00 2.65E-02 3.30E-11 9.00E-14 331E-11 1.59E-10 4.33E-13 1.59E-10




Table 6 Continued. Disposal Radionuclide Inventory

Nuclide WIFPP TRU Waste
D Total Mass Moles
Inventory Load Load
[Curies] Kgl - [Moles]
(a) 12)] (c)
CH { RH CH RH Total CH RH Total
T1209 6.22E-02 2.53E-03 1.52E-13 6.19E-15 1.58E-13 7.28E-13 2.96E-14 7.57E-13
U232 2.58E+01 NR 1.21E-03 - 1.21E-03 5.20E-03 - 5.20E-03
U233 1.79E+03 1.58E+02 1.85E+02 1.63E4H01 2.01E+02 7.94E+02 7.01E+01 8.64E+02
U234 4.65E+02 427E+01 7.44E+01 6.83E+00 8.13E+01 3.18E+02 2.92E+01 347E+02
U233 1.28E+01 4.63E+)0 5.92E+03 2 14E+03 8.07E+03 2.52E+04 9.12E+03 3.43E+04
U236 333E-01 G.68E-02 5.15E+00 1.50E+00 6.64E+00 2.18E+01 6.34E+00 2.82E+01
U237 5.66E+01 348E+00 6.94E-07 4.26E-08 7.36E-07 2.93E-06 1.80E-07 3.11E-06
1238 3.96E+01 1.05E+(1 1.1SEH)5 3.12E+04 L49E+05 4.95E+05 1.31E+05 6 26E+05
@ (h} ® 1)) (k) O
U240 1.50E-06 2.21E-11 1.62E-15 2.39E-20 1.62E-15 6.75E-15 9.94E-20 6.75E-15
Y90 6.85E+13 2.09E+05 1.26E-05 3.84E-04 3.96E-04 1.40E-04 427E-03 4.41E-03
Zn65t NR NR - - - - - -
2193 5.63E-03 [32E-03 2.24E-03 525E-04 276E-03 2.41E-02 5.65E-G3 2.97E-1R
195 1.15E-09 3.02E-01 5.35E-17 1.40E-08 1,40E-08 5.64E-16 1.48E-07 1.48E-07
Total 6.42E+06 1.02ZE+06 147E+05 344E+04 1.81E+05 6.17E+05 [ 45E+05 7.62E+05
- Not calculated.
NR  Not Reported by sites (see Ref. CCA-2).
i Data values for radionuciides were previously reported in Rev. 2 of TWBIR (Ref. BIR-2).
{a) Radionuclide inventory information taken from Transuranic Waste Baseline Inventory Database (TWBID),
Ref. CCA-2. (in total, 135 radionuclides are inventofied in the TWBID) Values correspond to a "WIPP-
Scale” design basis.
® Data calculated from the equation;
Mass Load = TOTAL ACTIVITY(Ci) 37E+1 O(fiis/sec) Ts AW kg
Ci in(2) Na 1000gm
© Data calcutated from the equation;
Mole Load = MassLoad —— 120087
AtWt kg
(e) Isotope with dominate curie load for CH-TRU wastes,
(B Isotope with doeminate curie joad for RH-TRU wastes.
® Isotope with dominate mass load for CH-TRU wastes.
) Iscrope with dominate mass load for RH-TRU wastes.
@ Isotope with dominate mass load for CH- & RH-TRU wastes.
) Isotope with domtinate mole load for CH-TRU wastes.
&) Isotope with dorinate mole load for RH-TRU wastes.

M

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




Table 7. Disposal Radionuclide Inventory
Nuclide WIPP TRU Waste N
D Energy Total Heat % Heat
Inventory Load Load
[Curies] [Watts]
- - (b) ()
Z-(a) = CH RH CH RH cH RH
dis Ci

Ac225 5.893 349E-02 | 2.88E400 1.17E-01 1.01E-01 4.09E-03 7.56E-05 1.22E-04
Ac227 0.082 4.84E-04 6.08E-01 7.57E-04 2.94E-04 3.67E-07 221E-07 1.09E-08
Ac228 1.458 8,64E-03 746E-C1 7.77E-02 6.45E-03 6.72E-04 4.35E-06 2.00E-05

Aglo9m 0.087 5.15E-04 1.57E+01 NR 8 09E-03 - 6.08E-06 -
Agli0 1212 7.18E-03 7.07E-09 1.74E-09 5.08E-11 1.25E-11 3.82E-14 3.72E-13
Agl10m 2.817 L.67E-02 5.31E-07 131E07 8.87E-09 2.19E-09 6.67E-12 6.51E-11
Am241 5.604 332E02 | 442EH05 5.96E+03 1.47E+04 1.98E+02 1.10E+01 5.89E+00

An242 0.192 1.14E-03 1.75E+00 NR 1.99E-03 - 1.49E-06 -

Am242m 0.067 195E-04 LISE+00 NR 691E-04 - 520E-07 -
Am243 5423 321E-02 3.26E+01 2.28E-04 1.0SE+00 7.33E-06 7.88E-04 2.18E-07
Am245 0.313 1.86E-03 1.33E09 2.87E-16 247E-12 S.32E-19 1.86E-15 1.58E-20
AR17 7.199 4.27E-02 2.88E+00 1.17E-01 1.23E-01 4.99E-03 9.24E-05 149E-04
Bal37m 0.662 3.93E-03 7.63E+03 2.04E+05 3.00E+01 B.01E+02 225E-02 238E+01
Bi210 0.389 2.31E-03 2.55E+00 7.16E-06 5.88E-03 1.65E-08 4.42E-06 491E-10
Bi2l1 6.729 3.99E-02 6.09E-01 7.58E-04 2.43E-02 3.02E-05 1.83E-05 9.00E-07
Bi212 2.869 1.70E-(2 2.71E+01 7.36E-02 4.61E-01 1.25E-03 34TE-04 3.73E-05
Bi213 0.709 4.20E-03 2.88E+00 1.17E-01 1.21E-02 4.92E-04 9.10E-06 1.46E-05
Bi214 2.162 1.28E-02 116E+0] 3.58E-05 1.49E-01 4.59E-07 1.12E-04 1.37E-08
BK249 0.125 741E-04 9.16E-05 1.98E-11 6.79E-08 1.47E-14 5.10E-11 437E-16

BK250 1172 6.95E-03 437E-11 NR 3.04E-13 - 2.28E-16 -
cl4 0.049 2.93E-04 1.08E+01 2.05E+00 3.17E-03 6.01E-04 2.38E-06 L.79E-05

Cd109 0.020 1.16E-04 1.57E+01 NR 1.82E-03 - 1.37E-06 -
Cdt13m 0.284 1.63E-03 1.84E-06 5.46E-07 3.10E-09 9.19E-10 233E-12 2.74E-11
Celds 0.112 6.63E-04 6.26E-02 5.13E+00 4.15E-05 3.40E-03 3.12E-08 1.01E-04
Cf249 7.806 4.63E-02 6.42E-02 447TE-03 2.97E-03 2.07E-04 223E-06 6.16E-06

C250 6.267 3.71E-02 3.30E-01 NR 1.23E-02 - 9.22E-06 -

CR251 6.027 3.57E-02 3.78E-03 NR 1.35E-04 - 1.02E-07 -
CR252 12.04 7.14E-02 2.39EH2 1.29E+00 1.71E+01 921E-02 1.28E-02 2.74E-03

Cni2a2 6216 3.68E-02 1.14E+00 NR 4.20E-02 - 3.16E-05 -
Cm243 6.189 367E-02 | 2.72E+00 495E+01 9.98E-02 1.82E+00 7.50E-05 540E-02
Cm244 5.901 350E-02 | 3.1SE+04 3.15EH2 1.10E+03 1.10E401 8.28E-01 3.28E-01
Cm245 5.598 3.32E-02 L1SE+02 1.46E-06 3.82E+00 4.84E-08 2.87E-03 1.44E-09

Crm246 5.523 3.27E-02 1.G2E-01 NR 3.34E-03 - 251E-06 -~

Cm247 5.390 3.20E-02 321E-09 NR 1.03E-10 - 7.71E-14 -
Cr248 21.00 1.24E-01 8.95E-02 205E-04 LUE02 2.55E-05 8.38E-06 7.59E-07
Co38 1.009 5.98E-03 3.05E-13 1.24E-11 1.82E-15 7.42E-14 1.37E-18 221E-15
Co60 2,601 1.54E-02 | 6.46E+0I 1.04E+04 9.96E-01 1.60E+02 749E-04 4.TTE+00
Cs51 0.036 2.1SE-04 NR 3.04E-06 - 6.52E-10 - 1.94E-11
Csi34 1717 1.02E-02 1.34E-02 1.84E+01 1.36E-04 1.87E-01 1.03E-07 5.57E-03
Csl3s 0.056 334E-04 5.02E-04 1.17E-04 1.68E-07 3.950E-08 1.26E-10 1.16E09
Cs137 0.187 1.11E-03 8.06E+03 2.16E+05 8.92E+00 | 239E+02 6.70E-03 7.11E+00

o
Es254 6.623 3.93E-02 4.24E-11 NR 1.66E-12 - 1.25E-15 -
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Nuclide WIPP TRU Waste
ID Energy Total Heat 9% Heat
Inventory Load Load
[Curies] [Watts] [%]
(b) (c}
L1 z CH RH CH RH cH RH
dis Ci

EulS0 1.540 9.13E-03 3.51E-0% NR 320E-07 - 241E-10 -
Euls2 1276 7.56E-03 1.26E+00 1.22E403 9.53E-03 9.23E400 7.17E-06 2.75E-01
Euls4 1.509 8.95E-03 1.15E+00 591E+02 1.03E-02 529E+00 7.73E-06 1.57E-01
Euls5 0.123 7.27E-04 9.46E-01 1.18E+02 6.88E-04 8.58E-02 5.17E-07 2.55E-03
Fess 0.006 3.38E-05 191E-05 169E-01 6A5E-10 571E-06 485E-13 1.70E-07

Fes9 1.306 7.74E-03 2 64E-07 NR 2.04E-09 -~ 1.54E-12 -
Fr2zl 6.511 3.86E-02 2.88E+00 117E-01 L.11E-01 4.52E-03 8.36E-05 1.34E-04
Fr223 0438 2.60E-03 %.39E-03 1.04E-05 2.18E-05 270E-08 1 64E-08 8 04E-10
H3 0.006 3.37E-05 8.69E-01 6.60E-02 2.93E-05 222E-06 2.20E-08 6.61E-D%

1129 0.078 4.63E-04 7.05E-07 NR 3.26E-10 - 2.45E-13 -
K85 0253 1.508-03 2.02E-01 1.68E+00 303E-04 2.52E-03 2.28E-07 7 49E-05
Mn54 0.840 4.9RE-03 3.51E-04 235E-02 424E-06 1.17E-04 3.19E-09 3.48E-06
Nb95 0.809 4.30E-03 2.54E-09 6 69E-01 1.22E-11 321E-03 9.16E-15 9,55E-05
NBYSm 0234 1.39E-03 R.50E-12 224E-03 1.13E-14 3.11E-06 8.88E-18 9 26E-08

Nis9 0.007 3.97E-05 7.52E-03 NR 2.99E-07 - 2.25E-10 -
Ni63 0.017 1.01E-04 9.19E-01 9 88E-01 9.26E-05 9.96E-05 6.96E-08 2.96E-06
Np237 5.156 3.06E-02 5.61E+01 2.35E+00 1.71E+0 871E-02 1.29E-03 2.59E-03

Np238 0.408 4.79E-03 8.77E-03 NR 4.2GE-05 - 3.16E-08 -
Np239 1.788 2.42E-03 3.26E+01 228E-04 7.33E-02 5.51E-07 5.93E-05 1.64E-08
Np240m 0.978 5.80E-03 1.50B-06 221E-11 8.69E-09 1.28E-13 6.54E-12 3.81E-15
Pa231 5.083 3.01E-02 4.51E-01 1.91E-03 1.36E-02 5.76E-05 1.02E-05 1.71E-06
Pa233 0.383 2.27E-03 5.61E+01 2 85E+00 1.27E-01 6.47E-03 9.57E-05 1.93E-04
Pa234 2.423 1.44E-02 5.14E-02 1.36E-02 7.38E-04 1.95E-04 5.55E-07 5.81E-06
Pa234m 0.834 4.94E-03 3.96E+01 1.05E+01 1.96E-01 5.19E-02 1.47E-04 1.548-03
Pb209 0.194 1.15E-03 2.38E+00 1.I7E-01 3.31E-03 1.35E-04 2.49E-06 4.00E-06
Pb210 0.039 232E-04 2.55E+00 7.16E-06 591E-04 1.66E-09 4.44E-07 4.94E-11
Pb211 0.505 3.00E-03 6.09E-01 7.58E-04 1.82E-03 2,27E-06 1.37B-06 6.76E-08
Pb212 0.321 1.90E-03 2.71E+01 7.36B-02 5.16E-02 1.40E-04 3.88E-05 4.17E-06
Pb2i4 0.538 3.19E-03 1.16E+01 3.58E-05 3.70E-02 1.14E-07 2.78E-05 3.4DE-09
Pd107 0.010 593E-05 T41E-05 1.73E-05 439E-09 1.03E-09 3.30E-12 3.05E-11
Pm147 0.061 3.59E-04 7.87E+00 LO7E+01 2.82E-03 3.84E-03 2.12E-06 1.14E-04
Po210 5.408 3.21E-02 2.55E+00 7.16E-06 8.17E-02 2.30E-07 6.15E-05 6.83E-09
Po2li 7.592 4.50E-02 1.71E-03 2.12E-06 7.70E-05 9.54E-08 5.79E-08 2.34E-09
Po212 8.940 5.30E-02 1.73E+01 4T2E-02 9.17E-01 2.50E-03 6.89E-04 7.44E-05
Po213 8.537 S.06E-02 2.82E+00 1.15E-0 1.43E-01 5.826-03 1.07E-04 1.73E-04
Po2i4 7.833 4.64E-02 1.16E+01 3,57E-05 5.39E-01 1.65E-06 4.05E-04 4,93E-08
Po215 7.531 4.46E-02 6.09E-01 7.58E-04 272E-02 3.38E-05 2.04E-05 1.01E-06
Po216 6.906 4.09E-02 2.71E+01 7.36E-02 L11E+00 3.01E-03 8.34E-04 8.97E-05
Po2IR 6.113 3.62E-02 1.16E+01 3.58E-05 4.20E-01 1.30E-06 3.16E-04 3.86E-08
Pri4d 1.240 7.35E-03 6.18E-02 5.07E+00 4,54E-04 373E-02 3.42E-07 1.11E-03

Pu236 5.871 3.48E-02 1.04E-02 NR 3.62E-04 - 2.72E07 -
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Nuclide WIPP TRU Waste
D Energy Total Heat % Heat
Inventory Load Leoad
[Curies] [Watts] [%]
(b} C
T @ = CH RH CH RH CH RH
Pu238 5.591 331E-02 2.61E+06 1.45E+03 8.65E+04 4.31E+01 6.50E+01 1.43E+00
(e) : @ @
Pu239 5.199 3.08E-02 7.85E+05 1.03E+04 2.42E+04 3.17E+02 1.82E+01 9.45E+00
Pu240 5253 3.11E02 2.10E+05 5.07E+03 6.54E+03 1.53E+02 4.92E+00 4.70E+00
Pu241 0.005 3.10E-05 2.31E+06 1.42E+05 7.16E+01 4.40E+00 5.38E-02 1.31E-01
Pu24? 4,982 2.95E-02 1.ITE+03 1.50E-01 3.46E+01 4.43E-03 2 60E-02 1.32E-04
Pu243 0.195 L1SE-03 321E-00 NR 3.70E-12 - 279E-15 -
Puz44 4.892 2.90E-02 1.50E-06 221E-11 4.35E-08 6.41E-13 3.27E-11 1.91E-14
Ra223 6.007 3.56E-02 6.09E-01 7.58E-04 2.176-02 2. 70E-05 1.63E-05 8.03E-07
Ra224 5790 143E-02 2TE+0 7.36E-02 9.30B-01 2.53E-03 6.99E-04 7.52E-05
Ra225 0.118 7.01E-04 2.88E+00 1.17E-01 2.02E-03 8.20E-05 1.52E-06 2.44E-06
Ra226 4.871 2.89E-02 1.16E+01 3.58E-05 3.35E-01 1.03E-06 2.52E-04 3.08E-08
Ra228 0.013 TT1E0S T4TEDL 7ITER2 5.76E-05 5.99E06 433E-08 1.78E-07
Rh106 1.618 9.59E-03 2 90E-02 1.O9E+01 2.78E-04 1.0SE-01 2.09E-07 3.11E-03
Ra219 7.000 4.15E-02 6.09E-01 7.58E-04 2.53E-02 3.15E-05 1.90E-05 9.36E-07
Rn220 6.405 1.80E-02 2.T1E+0L 736E-02 1.03E+00 2.79E-03 7I4E-04 8.32E-05
Rn222 5.590 331E-02 1.16E401 3.58E-05 3.84E-01 1.19E-06 2 39E-04 3.53E-08
Rul06 0.010 5.95E-05 2.90E-02 1.O9E+01 1.72E-06 6.48E-04 1.30E-09 1.93E-05
Sbi25 0.527 3.13E-03 1.21E-01 1.89E+00 178E-04 591E-03 2.B4E-07 1.76E-04
Sb126 3.117 1.8SE-02 1.35E-04 3.16E-05 2.49E-06 5.84E-07 1.88E-09 1.74E-08
Sh126m 2.148 1.27E-02 9.65E-04 225E-04 1.23E-05 2.86E-06 924E-09 8.53E-08
8e79 0.042 2.49E-04 435E-04 1.02E-04 10BEQ7 2.54E-08 8.14E-11 7.56E-10
Smi51 0.020 1.17E-04 L4TE+00 3.57E01 1L72E04 4.19E-05 1.30E-07 1.25E-06
Sali9m 0.087 5.17E-04 4.14E-06 9.59E-07 2.14E-09 4.96E-10 1.61E-12 1.48E-11
Snl2lm 0338 2.00E-03 2.66E-02 6.69E-03 533E-05 134E-05 401EQR | 3.99E(7
Sni26 0.210 1.25E-03 9.65E-04 2.25E-4 1.20E-06 2.81E-07 9.05E-10 8.35E-09
Sr89¢ 0.583 3.46E-03 NR NR - - - -
Se90 0.196 1.16E.03 6.85E+03 2.09E+05 795E+00 243E+02 5.98E-03 722E+00
Talg2 1.502 8.90E-03 NR 421E-08 - 3.756-10 - 1.12E-11
Te99 0.085 5.01E-04 2.52E+01 5.85E-03 126E-02 2.93E-06 9.50E-06 8.73E-08
Tel25m 0.142 8.41E-04 2.95E-02 465E-01 24RE-05 391E-04 1.86E-08 1.16E-05
Te127 0.228 1.35E-03 1.30E-07 1.71E-09 1.76E-10 231E-12 1.32E-13 6.87E-14
Tel27m 0.091 5.38E-04 1.33E-07 1.75E-09 7A5E-11 9.41E-13 538E-14 2.80E-14
Th227 6.157 3165E-02 §.01E-01 747E-04 2.19E-02 2.13E-05 L6SE-03 .11E-07
Th228 5.517 327E-02 2.71E+01 736E-02 - | B.86E-O1 241E-03 6.66E-04 7.16E-05
Th229 5.161 3.06E-02 2.8RE+00 1.17E-01 8.81E-02 3.58E-03 6.62E-05 1.07E-04
Th230 4774 2.83E-02 8.06E-02 7.56E-03 2.28E-03 2.14E-04 L71E-06 6.37E-06
Th231 0.095 5.61E-04 1.28E+01 4.63E+00 7.18E-03 2.60E-03 5.40E-06 7.73E-05
Th232 4.084 242E-02 9.13E-01 9.25E-02 221E-02 224E-03 1.66E-05 6.66E-05
Th234 0.06% 4,056-04 3.96E+01 LOSE+01 L61E-02 426E-03 121E-05 1.27E-04
207 0.495 2.94E-03 6.07E-01 7.56E-04 1.78E-03 2.22E-06 1.34E-06 6.61E-08
TI208 3970 2.35E-02 9.73E+00 2.65E-02 2.29E-01 6.24E-04 1.72E-04 1.86E-05




Table 7 Continue. Disposal Radionuclide Inventory
Nuclide WIPP TRU Waste
1D Energy Total Heat % Heat
Inventory Load Load
[Curies] 'Watts] [%]
o - (b (¢}
L) & CH RH CH RH CH L RH
TI208 2303 1.66E-02 6.22E-02 2.53E-03 1.03E-03 4.20E-05 TFTEQT 1.25E-06
U232 5416 3.21E-02 2.58E+01 NR 8.28E-01 - 6.23E-04 -
U233 4.904 2.91E-02 L79E+)3 1.58E+02 5.20E+01 4.59E+00 I9E-02 1.37E-01
U234 4.35% 2.38E-02 4 65E+2 42TE+D1 1.34E+01 1.23E+00 1.01E-(2 3.66E-02
U235 4418 2.62E-02 1.28E+01 4.63E+00 3.35E-01 1.21E-01 2.52E-04 3.61E-03
U236 4.570 2.71E-02 3.33E-01 9.68E-02 9.02E-03 2.62E-03 6.78E-G6 7.80E-05
U237 0.319 1.39E-03 5.66E+01 3 43E+00 1.07E-01 6.58E-03 2.05E-05 1.96E-04
U238 4279 2.54E-02 3.96E+01 1.0SE+01 1.00E+00 2.66E-01 7.55E-04 7.93E-03
U240 0.138 8.20E-04 1.50E-06 221E-11 1.23E-08 I.81E-14 9.25E-13 5.40E-16
YS0 3935 5.54E03 6.85E+03 2O0E+05 3 B0E+01 1.16E+03 235E-02 3.45E+01
(k) (h)
Zn65% 0.59C 3.50E-03 NR NR - - - -
Z93 - 0.020 1.16E04 5.63E-03 1.32E-03 6.54E-07 1.53E-07 4.92E-10 4.56E-09
95 0.855 5.07E-03 1.15E-09 3.02E-01 5.83E-12 1.53E-03 438E-15 4.55E-05
Sum= 6.42E+06 LO2EH)6 133E+05 336E+03 1.00E+HR 1.00E+02
(i} @ k) @
- Not caleulated.
NR Not Reported by sites (see Ref. CCA-2).
i Data values for radionuclides were previously reported in Rev. 2 of TWBIR (Ref. BIR-2).
@ Dara from Ref OR-1.
(b) Radionuclide inventory information taken from Trapsuranic Waste Baseline Inveptory Database (TWBID), Ref. CCA-2. (in
total, 135 radionuclides are inventoried in the TWBID) Values correspond to a "WIPP-Scale” design basis.

() Data caleulated from the equation; .

Heat Load = TOTAL ACTIVITY(Ci)—EX1disec) pappGy (Meviiis) £ +°f"v 1'6021895 =197 wat e
Heat Load (watts) = 0.005928103 x TOTAL AC'E" TVITY(Ci)x ENERGY (MeV/dis )

(e Isotope with dominate curie load for CH-TRLS wastes.

@ Isoiope with dominate curie load for RH-TRU wastes.

(8 Isotope with dominate heat load for CH-TRU wastes.

() [sotope with dominate heat joad for RH-TRU wastes.

() Note, the totat CH-TRU curie load is 6.42 MCi (also, 86.3 % of the total curie load in WIPP). The average CH-TRU
volumetsic total curie load is 6.42E+06/5.95E+06 = 1.079 (Cifcu. ft.} = 38.10 (Cl/cu. m.). [See discussion note oo Ref. LWA-1
for volumes -- CH-—5.95E+06 cu. ft. Also note that the 5.95E+06 volume number is a volume limit, stored waste and projected
waste volumes sum up to a volume less than this volume. 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
vield values applicable io expected waste at WIPP (See Ref. BIR-2d). ]

@ Note, the total RH-TRU curie load is only 1,02 MCi (also, 13.7 % of the total curie load in WIPP). This cucie load is much

less than the RH-TRU limit of 5.1 MCi [Ref. LWA-1].
1.02E+D6/0.25E+06 = 4.08 (Cicu. ft) = 144.} {Cileu. m.).
RH—-0.25E+06 cu, ft.]

The average RH-TRU volumetric total curie load is
[See discussion note on Ref. LWA-1 for voiumes -




k)

Y

Note, the total CH-TRU heat load is only 133, kW (also, 97.5 % of the total heat load in" WIPP), The rado for CH-TRU of
total heat load to total curie load is 133.E+03/6.42E+06 = 00207 W/Ci. The average CH-TRU volumetric heat load is
133.E+03/5.95E+06 = 0.0224 (Wi, fr) = 0.7894 (W/cu. m.). The average CH-TRU drum heat load is 0.7894 (Wicu, m.)x
0.2082 (cu. m.) = 0.1644 W. [The volume of 2 CH-TRU drum was set equal to the nominal volume of a 55-gal drum.}

Note, the total RH-TRU heat load is only 3.36 kW (also, 2.5 % of the total heat load in WIPP). The ratio for RH-TRU of tatal
heat load to total curie load is 3.36E+03/1.02E+06 = 0.003294 W/Ci. The average RH-TRU volumetric heat load is
3. 36E+03/0.25E+06 = 0.0134 (Wicu. ft) = 047 (W/cu. m.). The average RH-TRU canister heat load is .47 (W/cu. m.)x
0.6246 (cu. m.} = 0.2964 W (this is about two times that of an average CH-TRU drum). [The 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-2e), these canisters are Joaded with three 55-gal drums internally. Ref. DOE-1.]
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Sandia National Laboratories

Operated for the U.S. Department of Energy by
Sandia Corporatian

Albuquerque, New Mexico 87165

date:  3/15/96

o  Christine T. Stockman, MS-1328

WD

rom: ( James W. Garner, MS-1328

suvoct  Radioisotopes to be used in the 1996 CCA Calculations

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

241Am 243Am, ZSZCf, 243Cm’ ZMCHI, 245C1T1, 248(--:1_1,17 137CS, B?Np’ xﬂPa, ZIGPb, 147Pm, 238Pu’ 239Pu,
240?11, 241Pu’ 242Pu, 244Pu’ 226Ra., 228Ra’ Nsr, 229Th, BOTIL EzTh, BJU, 234U, 235U, 236U, and ?.38U.
1C 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 from 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.

210m 2 am 25Cm, 97Cs, B7Np, 2Py, 9Py, 9Py, 2%Py, 2Ra, Py, 2Th, ZOTh, Z2Th, 2%,
B4, 23U, 28U, and P*U 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 further reduce the number of isotopes to transport, let us took at uranium. From a EPA
normalized perspective, 2°U and 2*U are a factor of 10" to 107 higher than the other uranium
1sotopes. We could drop 55, P°U, and 28U without any impact on the final EPA normalized
release. Since the inventory in moles of Z*U and Z*U is less than one percent of the uranium
inventory, we can reduce the solubility of uranium by a factor of 100. Furthermore, we can
combine Z*U and Z*U into #*U, since their half-lives are similar. Likewise, with thorium we can
combine *Th and Z°Th into Z°Th and reduce the solubility by a factor of 1000 and drop Z*Th.
With plutonium, we can combine Z*Pu, ***Pu, and ***Pu into **’Pu and we can also combine *Sr
and "*’Cs into *°Sr because of similar half-lives and transport properties.

Exceptional Service in the National Interest



Christine T. Stockman, -2 - 3/15/96

This will leave us with the following ten isotopes:
241A-n1’ 243Am, 24SCIT1, BTNp, 233PU, ?39Pu, nsRa, %SI', BOTh’ B4U.
At late times, we can drop *°Sr and ®*Pu because of their short half-lives.

To define late times for *°Sr, we can look at the plots and determine when the EPA releases drop
below .1. This is about 300 years. For Z*Pu, we can define late times as when the ratio of Z*Pu
to #°Pu 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) %Py releases from 2000 to 1000 1) B%py from 3000 to 100@800yr
2) ' Am releases from 1000 to .1 2)  *Srfrom 8 to .07@300 yr
3) P4U releases from 7 to 8

4y  °Th releases from .06 t0 5.0
5) Z’Np releases from .1 to .3

6) *Cm releases from .2 to .1

7)  *°Ra releases from .02 to .2

8) 2 Am releases from .06 to .025

It then appears that we only need to transport Z°Pu, 2!Am, ®*U, and ®°Th. 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 ?*U and #°Th. 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. Ramsey
MS-1328 Alt A. Shinta
MS-1335 Margaret S. Y. Chu
MS-1341 Larry 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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Sandia National Lahoratories

Albuguerque, New Mexice B7185

29 March 1996
Christine T. Stockman, MS-1328 (Org. 6749)

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

Colloidal Actinide Source Term 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: -

IDMTRL: Th, U, Np, Pu, Am

IDPRAM: CONCINT  concentration of actinide associated with mobile actinide
—=——~intrinsic colloids - o
CONCMIN concentration of actinide associated with mobile mineral

fragment 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# Parameter Record Package Name

35850 Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids

35852 Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids

35855 Mobile-Colloidal-Actinide Source Term. 3. Humic Substances

35856 Mobile-Colloidat-Actinide Source TermL 4. Microbes




wobite-Colicidal-Actinide Source Term—Concenir2tion/Proportionality Consiants

Parameter | Material Most Miaimum | Maximum Units Distribution Notes
Likely Value Value Type
Value
CONCMIN |Th 1.3&-09 1.3e-10 1.3e-08[moles colloidal mineral- triangular 1
fragment-bound Th per hter
of dispersion
CONCMIN |U 1.3¢-09 1.32-10 1.3e-08|moles colloigal mineral- tnangular i
) fragment-bound U per liter
of dispersion
CONCMIN  |Np 1.3e-09 1.32-10 1.3e-08{moles colloidal mineral- tnangular 1
fragment-bound Np per liter
of dispersion
CONCMIN  |Pu 1.3e-09 1.32-10 1.3e-08|moles colloidal mineral- . {mangular
fragment-bound Pu per liter
of dispersion
CONCMIN JAm 1.3e-09 1.3e-10 1.3e-08|moles colloidal mineral- triangular
fragment-bound Am per liter
of dispersion
| !
CONCINT Th 0.0e+00 0.0e<0(0 (0.0e+00{moles actinide-intdnsic constant
colloidal Th per liter of
dispersion
CONCINT {U 0.0e+00!  C.D=+00] 0.0e+00|moles acnnmide-inirinsic constant
colloidal U per liter of
dispersion
CONCINT —[Np T0c+00|  0.06700  0.06+00|moles acimde-inmimsic  |constant
colloidal Np per liter of :
d.ISpCISIOD 7
CONCINT |Pu 1.0e-09 1.0e09 1.0=-09|moles acumd:—mtnnsxc constant
colloidal Pu per liter of
dispersion
CONCINT  |Am 0.06400|  0.0e+00]  0.0c+00|moles actmide-intansic constant
' colloidal Am per Hter of -
dispersion
i .
PROPHUM |Th 6.4e+00 6.4e+00|  6.4e+{}0{moles colloidal humic-bound]|constant 2.3
Th per moles dissolved Th
PROPHUM U 1.4e+00 1.6e-01|  2.0e+00[moles colloidal humic-boundjtriangular 234
- SRR . Upcrmolmd:ssolvedU -
" [PROPHUM  |Np 4.0e+00]  4.02+00|  4.0e+00|moles Solicidal humic-boundjconstant . . - - 23
T T e T Nppcrmols d;_s_soIgc_:de ISR .
PROPEUM - [Pu_ T55e400| - 505°00]  5.9e+00(moles oolioidal Huc bowad|consant 73
S - ' Pupcrmols dmsolvedPu o
PROPHUM |Am - 25e+00 1.9e-01]  3.9e+00)moles coloidal hurmc—-bound ;ri_angulaf 7 2,34
: . i R Am per moles dlssolvedAm RRECIRTE

Papenguth to Stockman, 29 March 1998, Page 1 of 2
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Sandia National Laboratories

Albuquerque, New Mexico 87185
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Christine T. Stockman, MS-1328 (Org. 6749)
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Hans W. Papenguth, MS-1320 (Org. 6748)

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:

WPO# Parameter Record Package Name

35850 Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids
35852 Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids
35855 Mobile-Colloidal-Actinide Source Term. 3. Humic Substances

35856 Mobile-Colloidal-Actinide Source Term. 4. Microbes

copy with Attachments to:

MS 1320 Hans W. Papenguth, 6748

MS 1320 W. George Perkins, 6748

DOE/CAQ Robert A. Stroud ﬁ\

S
SWEEEA:WBS 171:10:2:1:” Colloid Characterization z and Transp'é?t" o
ﬁ@ﬁ"ﬁlﬂ@# 35852z Mobilez Collorgal“ Actinide’ SOUrcE. Tefi. =2 " Actinide Intrinsic. ..,

fChifods™"

copy without Attachments to:

MS 1320 E. James Nowak, 6831
MS 1324 Susan A. Howarth, 6115
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 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 WIPP Data Entry Form and for use in WIPP
Performance Assessment (PA) calculations.

-

Parameter No. (id): Not applicable.

Data/Parameter: Not applicable.

Parameter id (idpram): CONCINT.

Material: Intrinsic colloids of actinides Th, U, Np, Pu, and Am.
Material Identification (idmitrl): Th, U, Np, Pu, and Am.

S < 2 B F

Units: Concentrations of actinide intrinsic colloids (CONCINT) are in units of "moles
colloidal 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. Constant CONCINT values are supplied for all five actinide elements
listed above.

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

Median: Not applicable.

Standard Deviation: Not applicable.

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

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

o Mmoo N W

Number of data points: Not app]jcable.

VII. Data Collection and Interpretation Infannanon
A. Data Source Infonnanon WIPP observanonal data and htcrature
B. Data Collection (for WIPP observational data).
1. Data Cdllecﬁon 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 page 1



Standard Error of Measurement of Tests Performed: 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:

a.  Are all of the data qualified? Yes.

b.  Were data qualified by QAP 20-3?7 No. Data packages will be submitted
for work conducted at LLNL (see VIII,B,1 above for contract numbers),
under File code WBS 1.1.10.2.1.

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

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. 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 2 SAND
report. Documents related to data collection at LLNL will be archived in
the Sandia WIPP Central Files (SWCF,; File code WBS 1.1.10.2.1).

C. Interpretation of Data.

1.

2
3
4.
5
6

Was the interpretation made by reference to previous work. No.

Was the interpretation made by using newly performed calculations? Yes.

Form of Interpreted Data. List of interpreted values.

Assumptions Made During Interpretation. See Attachment A.

Name of Code(s)/Software used to Interpret Data: Not applicable.

QA Status bf dee( 5) used to Interpret Data: Not applicable.

a.

b.

Was the code qualified under QAP 19-1? Not applicable.
Was the code qualified under QAP 9-1? Not applicable.

References Related to Data Interpretation: See X1 below and Attachment A.
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XH.

XIII.

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
9-57 Yes.

Correlation with other Parameters: None.

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

References cited above:

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

Papenguth, HW., 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:

Attachment B:

Arttachment C:

Attachment I

Attachment E:

Attachment F:

Distribution

Papenguth, Hans W., 1996, Rationale for Definition of Parameter Values
for Actinide Intrinsic Colloids.

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.

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

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.

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

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

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 Definition 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
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 maobilized 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  concentration of actinide associated with mobile actinide intrinsic
colloids. )
idmtrl: Th thorium [i.e., Th(IV)]; ' o -
U wranium {i.e., UTV) and UOVD));, - - 0 S iR
Np neptunium [i.e., Np(IV) and Np(V)]; ( s
Pu plutonium [i.e., Pu(fI) and PuV)]; and W
Am americium [i.e., Am(II)]. ™
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Actinide intrinsic colloids (also known as true colloids, real colloids, type I colloids, and
Figenkolloide) 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. Pertirent literature is discussed below (see also Papenguth and Behl,
1996).

Imtrinsic Colloids of Plutonium

The most well-known and well-studied actinide intrinsic colloid is the Pu{IV) intrinsic coli'c?ié‘l,
which has been used as a basis of comparison for investigating intrinsic colioids of other
actinides. Most of the knowledge about the Pu(IV) 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(IV) 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(IV) 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 fime. The final mature colloid
has a composition between Pu{OH)4 (amorphous) 208 PuO2 (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 chemistry of the Pu(IV) 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 irteversible elimination of water and concurrent formation of oxygen bridges. Johnson
and Toth demonstrate that the model is consistent with the observed behavior of the Pu(IV)
intrinsic colloid.
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Hydrolysis reactions for metal cations such as plutonium may be written as follows:

first: ( q) + H;0 < PuOH-" g ¥ Ht (1)
. 2+
second: 1?"uOI-?[(é1 q) +H-20 & Pu(OH)2 @aq T H+ (2}
: +
third: Pu(OH)2 agy * H)O« Pu(OH)g ag) T H* (3)
. +
fourth: Pu(OH), @+ H;0 <> Pu(OH) ¢ g ¥ H+ 4)

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:

first: [Pu(H20)m™ > [Po(OH)(HO)m-1171 + HF )
second: [Pu(Hz0)q 11! & [PuOH)EOmal2 +HY | & ©)
third: [Pu(H2O)m-2172 ¢ [Pu(OH)(H0)y 3173 + H* N
fourth: = [Pu(Hz0)m3]"3 > [Pu(OH)(H2O)m 4" * + H* @®)

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 Joss of water (oxolanon)

2{[(H20)4.2Pu(OH)(H20)]+0-D} &
[(H20)a-2Pu(OH)(OH)Pu(H20)421+20-1) + 2H,0 9

Aging or maturation of polymer then occurs by loss of water (olation) as follows:
Pu(OH)(CH)Pu(OH)(OH)Pu(OCH)(OH) -] — [Pu(O)Pu(O)Pu{0)-In + 3020 (10

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 Pu(OH);( aq) ion in their

proposed polymerization reaction. Use of that ion does not appear to be consistent with-
observations by many workers that polymenzauon occurs immediately aftcr the first hydrolysm
reaction.
As the actinide polyelectrolytes mature through the olation proce.s"s to become closer in
composition to an actinide-oxide mineral, they will be kinetically destabilize_d by the high ionic
strengths of the WIPP brines, and will not be mobile. Further, the solubilities of the mature solid
phase cannot be exceeded. In fairly long-term experiments, Nitsche et al. (1992, 1994) showed
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that the concentration of Pu(IV) intrinsic colloid stabilized at about 10-3 M. It is not known
whether the form was Pu(IV) 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 hydfolyze and to polymerize to form intrinsic colloids
follows the order:

An* >> An(VDOZ* > An3+ > An(V)O} (11)

where An represents an actinide element (Cleveland, 1979a,b; Choppin, 1983; Kim, 1992; Lieser
etal,, 1991, p. 119). The order of oxidation states in the equation above results from the ionic
charge to jonic radius ratios. The tendency for hydrolysis of An(VI)(%+ is greater than for An3+
because the effective charge on the central cation on the linear [O-An-O]2+ ion is 3.3+0.1,
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 configuration of the f molecular orbital.

Considering Pu as an example, hydrolysis becomes significant for Pu4+, Pu(Vl')O?, Pu3+, and
Pu(V)OZ at pH values of <1, 4-5, 6-8, and 9-10, respectively (Choppin, 1983). On the basis of
the hydrolysis trend, it is not likely that An(III) and An(V) actinides will form actinide intrinsic
colloids. That group includes Pu3+, Am3+, Pu(V )O;, and Np(V)O;. There are suggestions in
the literature, however, that Am3+ may form an intrinsic colloid, which is As'urpxiising 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 Th(OHﬂ(aq).

to form a polymer (Kraus, 1956; Johnson and Toth, 1978), although as discussed below, should
be referred to as an oligomer.

Moreover, th_oﬁum has been reported
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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). It is important, however, to
pote 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, trimers, 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(IV)-polymer, may reach
colloidal sizes (1 nm to 1 pm) 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(III) intrinsic colloids at near neutral pH conditions, with a
particle size greater than 1 nm. In their study of the hydrolysis of Am(IIT) over a pH range from
3 to 13.5, however, Kim et al. {1984a) found only monomers of Am. Regardless of whether
Am(IIT) intrinsic colloids will form under highly idealized laboratory environments, it would be
highly uniikely that they would form in a geologic system, because of the tremendously strong
sorption properties of the Am(III) 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 ekpeﬁx_mrits ‘were conducted at
Lawrence Livermore National Laboratory (LLNL; contract number AG-4965, Cynthia E. A.
Palmer, LLNL PI) to test phenomena described in the published literature, under WIPP-relevant
conditions: ' '
 Critical coagulation conccntrauon for mature Pu(IV ) mmcral fragment type collmd (refcr
to description of experiment AIC-1 in Papenguth and Behl, 1996) ,
s formation of Pu(TV) colloid, from oversaturation and undersaturanon in the absence of
carbon dioxide (AIC-8 and AIC-9, respectively);
* inhjbition of Pu(IV) polymerization due to organic complexants (AIC-2);
* depolymerization of Pu-colloid due to organic complexants (AIC-2b);
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« polyelectrolyte chain termination by non-actinide metal cations (AIC-4); and
« 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(IV)-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-8/9) 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(IV) is observed (and are therefore equivalent to AIC-9). In
both sets of experiments (AIC-1, AIC-8/9), 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 starting material approx. | [NaCl] duration
pcH
AlIC-1 c.c.c. Pu(IV)-colloid; 4 000lm |3t05
(equivalent to aged I-month: 7 10.01 m weeks
undersaturation ~2x104M 10 0lm
experiment AIC-9) 0.8m
30m
5.0m
AIC-8 oversaturation Pu(IV) aquo ion: 3 0.05m 4 weeks
~1x 104M 7 0.5m
11 1.0m
50m

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 PuO2 and Rai and Swanson (1981) for
Pu(IV)-polymer under acidic pH conditions. The current WIPP Project position is that MgO
backfill will be added to control pCO;. With MgO backfill, 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 Pu(IV)-polymer is appf_oxiﬁmtely 5 x 10-10 M. Because the extrapolated
concentration is less than the minimum analytical detection limit (ADL) of 1 x 109 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(IV)-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.

Summary

Inter[-)reted values for_ CONCINT are summarized in Attachments C, E, and F.
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Figure 1: Solubility of Pu(lV)-polymer as a function of pcH+. Open brackets
with arrows pointing down indicate that Pu concentration is below the Limit 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(lV) polymer is extrapolated from Rai and Swanson, Nuc. Tech, 54, 107,
(1981)




Attachment B

Y

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.
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date:

front:

subject

- IDMTRL: Am, Pu, U, Th, Np

A} Sandia National Laboratories

Operaled for the U.S. Depanment of Energy by
Sandia Corporation

Albuguerque, New Mexico 87185

3/29/96

Hans W. Papenguth

gt O Shthras

Christine T. Stockman

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

In order to properly mode! 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 and/or 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(IIT) 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 simplifications then we will need the parameters for Am,
Pu, U, Th and Np only.

Suggested names for database entry:

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 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 mast important of these parameters that have nog-constant distributions.

ce:

Mary-Alena Martell Amy S. Johnson J. T. Schneider
Hong-Nian Jow Martin S. Tiemey Richard V. Bynum
E. James Nowak W. George Perkins Al A. Shinta
James L. Ramsey
SWCF-A:WBS1.2.07.1.1:PDD:QA:GENERAL

Exceptional Service in the National interest
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Papenguth, Hans W_, 1996, Colloidal Actinide Source Term Parameters. SNL Technical
Memorandum dated 29 March 1996 to Christine T. Stockman.
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Sandia National Laboratories
Albuguerque, New Mexico B7185
dae: 29 March 1996 -

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

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

subject:  Colloidal Actinide Source Term Paramctgrs:_

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 parametes values. In the artached table, Thave provxded best estimates for the
following matenal—parametzr combma.tlons ‘

IDMTRL: Th, U, Np, Pu, Am

IDPRAM: CONCINT  concentration of actinide a.ssomated w1th mobile actinide
—~——— -intrinsic colloids i I
CONCMIN  concentration of actinide associated with mobile mineral
fragment colloids
CAPHUM  maximum concentration of actinide associated with mobile
bumic colloids :
CAPMIC raaximum concentranon of actinide associated Wlﬂl mobile
microbes
PROPHUM proportionality constant for concentration of actinides
associated with mobile humic colloids
PROPMIC  proportionality constant for concentration of actinides
2ssociated with mobile microbes

As a first approximation, the colloidal behavi_or 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* Parameter Record Package Name

35850 Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids
35852 | Mobile-Colloidal-Actinide Source Term. 2. Actinide Inminsic Colloids
35855 Mobile-Colloidal-Actinide Source Term. 3. Humic Substances

35836 Mobile-Colloidal-Actinide Source Term. 4. Microbes
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copy to:

MS 1328
MS 1328
MS 1328

MS 1320
MS 1320

MS 1341

MS 1341

MS 1341
MS 1341

MS 1320
MS 1320
MS 1320
MS 1320
MS 1320
MS 1320

MS 1324

MS 1341
MS 1341

MS 1324

Hong-Niag Jow, 6741
Amy S. Johnson, §741
Martin S. Tiemey, 6741 .

E. James Nowak, 6831 f’/?/

R. Vann Bynum, 6831

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

W. George Perkins, 6748 ¢
John W. Kelly, 6748 _.
Daniel A. Lucero, 6748
Craig F. Novak, 6748
Hans W. Papenguth, 6748
Malcolm D. Siegel, 6748

Susan A. Howarth, 6115

Kurt O. Larson, 6747
Ruth F. Weiner, 6747

Richard Agnilar, 6851

SWCF-A:WBS1.1.10.2.1
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Mobile-Colloidal-Actinide Source Term—Concentration/Propartionality Constants

Parameter | Material Most Migimutm | Maximum Units Distribution Notes
Likely Value Value Type
Value
CONCMIN |Th 1.36-09 1.3¢-10 1.3e-D8{moles colloidal mineral- triangular 1
fragment-bound Th per liter
of dispersion -
CONCMIN (U 1.32-09 1.3e-10 1.3e-08|moles collordal mineral- triangular 1
. fragment-bound U per Liter
of dispersion
CONCMIN (Np 1.3e-09 1.3=-10 1.3e-08)moles colioidal mineral- triangular 1
fragment-bound Np per Liter
of dispersion
CONCMIN {Pu 1.3e-09 1.3e-10 1.3e-08{moles colloidal mineral- . {tangular 1
fragment-bound Pu per Liter
of disparsion
CONCMIN |Am 132051 . 1.52-16 1.3=-08|moles colloidal mineral- triangular 1
. fragment-bound Am per liter
of dispersion
CONCINT |Th 0.0e+00 0.02+00]  0.0e+00|moles actinide-intrinsic constant
colloidal Th per litar of
dispersion
CONCINT 11U 0.0=+00 0.0e+)0|  0.02+00|moles actimde-intrinsic constant
colloidal U per liter of
dispersion
- CON@QT Np 0.0e+00) 0.0e+00]  0.0e+0Djmoles actinide-intrinsic copstant
colleidal Np per liter of
dispersion -~
CONCINT  |Pu 1.0e-09 1.0e-09 1.02-09{moles actinide-intrinsic constant
colloidal Pu per liter of "
dispersion ' o
CONCINT  (Am 0.0=+00{ 0.0=+00 0.0e+00|{moles actinids-inwinsic constant
. colloidal Am per liter of -
dispersion
|
PROPHUM |[Th 6.4e+00 6.4e+00)  6.4e+00|moles colloidal humic-bound|constant 23
Th per moles dissolved Th ,
PROPHUM U 1.4e+00 1.6e-01|  2.0e+00[moles colloidal humic-boundjwiangular 234
. ) - |U per moles dissolved U
PROPHUM |[Np 4 000 40=400| 4.Qe+00|moles colloadal bumic-bound|constant 23
.. .Nppermoles dissolved Np |- e -
PROPEUM  |Pu 592400]  5.9e+00]  5.5e+00|moles colloidal bumic-bowund|constant 33
Pu per moiés dissolvedPo |
PROPHUM |Am -- 235ex00 1.8e-01 3.9e+00|moles colloidal humic-bound|tiangular - - 234
B T Am par moles dissofved Am |

Papenguth to Stockman, 29 March 1996, Page 1 of 2
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Mobile-Colicidal-Actinide Source Term—Concentration/Proportionality Constants

Parameter | Material Most | Minimum | Maximum Units Distribution Notes
Likely Value Value Type
Value .
CAPHUM Th 1.5e-05 1.5e-03 1.5e-05|moles colloidal humic-bound|constant 56
' Th per liter of dispersion
|CAPHUM  |U 15e05 15605 1.5¢-05 moles colloidal humic-bound|constant 5,
U per liter of dispersion
CAPHUM  |Np . 1.9¢-05 1.5e-05 1.52-05¢moles colloidal humtc-bound|constant 3,6
. : Np per liter of dispersion ,
CAPHUM jPu 15¢-05 1.5e-05 1.5e-05|moles collordal hurnic-bound;constant 5,6
_ Pu per liter of dispersion .
CAPHUM Am 1.52-03 15«05 1 5e-05{moles colloidal fivmic-bound|constant 56
- - |Am per liter of dispersion _ .
PROPMIC {Th : 3.1e+00)  3.1e+00[  3.1e+00|moles microbial Tk per {constant _ 23
. ) . - |moles dissolved Th
PROPMIC U 2103 2.1e-03 2.1e-03moles microbial U per moles |constant 2.3
dissoived U .
PROPMIC iNp 12e+01] 1.2e+01] 1.2e+0](moles microbial Np per constant 7.3
| _ moles dissolved Np _ -
PROPMIC  {Pu 3.0e-01] "3.0e-01 3.02-0Tmoles microbial Pu per constant 23
moles dissclved Pu
PROPMIC  |Am 3.6e+00] 3.6e+00]  3.6e+00imoles mictobial Am per jconstant i3
moles dissolved Am ‘
CAPMIC Th 1.92-03 1.9e03 1.92-03 |moles total mobile Thper |constant 5,7
bter
CAPMIC U 2.1e-03] - 2.1e03 2.1e-03moles 1oral mobile U per constant 57
, : liter
CAPMIC Np 2.7e-03 2.7e03 2.72-03Imoles total mobile Np per ~ [constant 5,7
Liter . ‘
CAPMIC Pu 6.8e-05 6.8e-03 6.8e-05[moles total mobile Puper — constant 5.7
liter -
CAPMIC Am ok aot not moles wial mobile Am per  jconstant 5,7
- jcurrently jourrently jcomrently  jliter
avalable javailable |availabie
{ |
Notes: | ! | :
general{The collojdal actinide source term is added to the dissolved actinide source term.
“gensral[None of the parameters are cornelated. { 1
1}{If a disribution i not used for mineral-fragment-bound actinides, use the maximum cOnNCantanon as a
constant value, R } ] i
2| Proportonality copstants may be nsed with acttmdc solubility expressed in molanty or molahty, depending
on the dzsired final units.
- 3|Proportionality constants are to be nsed with the sum of actinide ox:danon spem:s for each actinide element
(uncomplex=d only, 1.e., without organic ligand contribudon). q [
4 ¥ a distsibution is aot used for hurnic-bound U or A, use the maximum concentration as a constant value.

5|The maximum (“cap™) values are in units comparabie to molarity rather than molality. ]

6|CAPHUM is compared to the concentration of the respective humic-bound actinide element. |

TICAPMIC is compared to the total concentration of the respective actinide element in the mobile system (Le.
ithe surmn of dissoived plus colioidal actimde). i i i

Papenguth to Stockman, 29 March 1986, Page 2 of 2
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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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PR} Sandia National Laboratories

Operated for the 1.5 Depanment of Energy by
Sandia Corporation

. Albuquerque, New Mexico 87185-
412/96

= Hans W. Papenguth

% : %/n (:: j}%ﬁ/ﬂﬁ%

iom: Christine T. Stockman

sumjecr  Request for any modifications to the colloid parameters for use in NUTS, GRIDFLOW 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(OH); + MgCO; invariant point for all calculations.
If this invalidates the assumptions that you used to prepare colloid concentration or
proportion 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.

ce:

Mary-Alena Marte]!
Amy S. Johnson
Hong-Nian Jow
Martin S. Tiemney )
I. T. Schneider -
Richard V. Bypum

E. James Nowak

- - — W. George Perkins

SWCEF-A'WBS1.2.07.1.1:PDD:QA:GENERAL

Exceptional Service in the National Interest
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Attachment E:

Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, Revision 1. SNL
Technical Memorandum dated 18 April 1996 to Christine T. Stockman.
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Sandia National Laboratories

Albuguerque, New Maxico 87185
18 April 1996

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

Feboma (0 /Oo,axmgﬂbﬁ

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

- Colloidal Actinide Source Term Parameters, Revision 1

ThIS mcmorandum summanzes r.he rcvxscd bcst esttmates for the mobﬂe colloidal-actinide

source term for i input to the WIPP Compliance Certification Application. Values presented

herein supersede the valnes provided to you on 29 March 1996 (Papenguth, 1996) in
tesponse 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 termn. 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 (ie.,
corresponding to new idpram's and idmtrl's) for proportionality 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 constaats describing actinide-bumic concestration 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., UIV) and U(VI); Np{IV) and Np(V); Pu(Ti} and
Pu(IV)]. 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 huzmc substances the fo]lowmg matenal--

parameter combinations apply
IDMIRL: PHUMOX3 proportionality constant for concentranon of acnmdes

associated with mobile humic substances, for actinide elements
with pxidation state 3:

p-1of3
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IDPRAM:

PHUMOX4

PHUMOXS

PHUMOXS6

PHUMCIM

PHUMSIM

proportionality constant for concentration of actinides
associated with mobile homic substances, for actinide elements
with oxidation state 4;

proportionality constant for concentration of actinides
associated with mobile humic substances, for actinide elements
with oxidation state 5; and _

proportionality constant for concentration of actinides
associated with mobile hurnic substances, for actinide elements
with oxidation state 6.

proportionality constant for concentration of actinides

 associated with mobile humic colloids, in Castile brine,
 actinide solubilities are inorganic only (no man-made ligands),

brine is in equilibrium with Mg-bearing minerals (brucite and
magnesite); o

proportionality _constant for concentration of actinides
associated with mobile humic colloids, in Salado brine,
actinide solubilities are inorganic only (no man-made ligands),
brine is in equilibrium with Mg-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 1s not necessary for humic

substances or actinide intrinsic colloids [i.e., Pu(IV)-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# | Parameter Record Package Name
35850 Mobile-Colioidal-Actinide Source Term. 1. Mineral Fragment Colloids
35852 Mobile-Colloidal-Actinide Source Tenn. 2. Actinide Intrinsic Colloids
35855 Mobile-Colloidal-Actinide Source Term. 3. Humic Substances
35856 Mobile-Coiloidal-Actinide Source Term. 4. Microbes

p.20of 3
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Mobile-Collvidal-Actinide Source Term; Concentration/Proportionality Constants; Revision 1

Status

Parameter

{OPRAM)

Materiat
(DMTRIL)

! Most
Likely
Value

Minimum
Value

Maxdirmum
Value

Unitg

Distribution
Type

Notes

revised

CONCMIN

2.6e-09

2.6e-09

2.6e-09

moles colloidal runerai-
fragment-bound Th per liter
of dispersion

trangular

revised

ONCMIN

2.6e-09

2.6e-09

2.62-09

moles colloidal mineral-
fragment-bound U per liter
of dispersion

triangular

Irevised

CORCMIN

2.6e-09

2.6e-09

2.6e-09

moles colloidal mineral-
fragment-bound Np per hier
of dispersion

triangular

revised

CONCMIN

2.6e-05

2.6e-09

2609

imoies colloidal mineral-
fragment-bound Pu per liter
of dispersion

tangular

CONCMIN

2.6e-09

6e-09

2.6e-05

moles colloidal mineral-
fragment-bound Am per liter
of dispersion

triangular

CONCINT

00e+00

0.0=+00

moles actinide-inminsic
colloidal Th per liter of
dispersion

constant

CONCINT

0.0e+00

0.02400

0.0e+00

moles actnide-intrinsic
colloidal U per Hier of
dispersion

constant

CONCINT

Np !

0.0e+00]

0.0=+00

0.0e+004

moles actinide-lpminsic
colloidal Np per liter of
dispersion

counstant

CONCINT

Pu

1.0e-09

moles actinide-intrinsic
colloidal Pu per liter of
dispersion

consiant

CONCINT

0.0+

0.0e+00

Q0.0e+00

moles actinide-ntrinsic
colloidal Am per iiter of
dispersion

constant

I

revised (pew) [PHUMSIM

i
PHUMOX3

1.32-01

1.5e-01

moles colloidal humic-pound
actinide {TII) per moles
dissolved actinide (ID

triangular

revised (new)

PHUMSIM

PHUMOQX4

63e+00

6.3e+3

moles collowdal humic-hound
actinide (TV) per moies
dissolved actinide (JV}

consiant

revised (new)

PHUMSIM

PHUMOXS

4.8¢-04

9.1e-04

moles colloidal humic-bound|
actinide (V) per moles
dissolved acripide (V)

(Tiangular

nn.iuon (new)

PHUMSIM

PHUMOXS6

S5.6e2

1.2:-01

moles colloidal humc-bound
actinide (VI) permoles -
dissolved actinide (VI}

triangular

revised (new)

PHUMCIM

PRUMOXS

1.1e+00

6.3e-02

1.6e+00

moles colloidal humic-bound

_jactinide (I} per moles

dissolved actinide (IIT)

triangular

revised (new)

PHUMCIM

PHUMOX4

6.3e+00

6352500

6.3e+00

moles colloidal humic-bound
actinide (TV) per moles

dissolved actinide (IV)

constant

revised (new)

PHUMCIM

PHUMOXS

3.8e03

4 32-04

7.4¢-03moles colioidal humic-bound

acunide (V) per molas
dissolvad actinids (V)

wiangutar

revised (pew)

PHUMCIM

PHUMOX6

2.8¢-01

6.2e-02

3.1e-01 wSoFm cotloidal humic-bound
wmnc.an_n (VT) per moles
jdissolved actinide (V)

wriangular

Fapenguth to Stockman, 18 April 1558, p. 1 of 2
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Mobile-Colloidal-Actinide Source Term; ConcentratiorvProportionality Constants; Revision 1

Status Parameter | Material Most | Minimum | Maximum Unite Disinibution | MNotes |
(IDPRAM) | IDMTRL)| Likeiy Value Yalue Tvpe
Value
{revised CAPHUM [Th 1.1e-05 I.1e-0% 1.1¢-05|moles colioidal humic-bound|constant 56
Th pex liter of dispersion )
revised CAPHUM U 1.1e-05 1.1e-05 1.1le-}5imotes colloidal humic-bound|constant 5,6
U per liter of dispersion
revised CAPHUM |Np 1.Ie-05 1.1e-05 1.1e-05|moles colioidai bumic-bound|constant 5,6
Np pex liter of dispersion
revised CAPHUM Pu 1.leds 1.1e-05 1.1le-05moles colloidal humic-bound|constant 5,0
Pu per liter of dispersion
revised CAPHUM  {Am 1.1e-05 1.1e-05 1.1e-05|moles colloidal humic-bound{constant 3.6
Am per liter of dispersion
PROPMIC  |Th 31e+00] 31e+DD|  3.1&+00)moles microbial Th per constant 23
+ |moles dissolved Th
PROPMIC (U 2.1e-03 2.1e-03 2.1e-Q3|moies microbial U per meles|constant 23
dissolved U
PROPMIC  |Np 12e+01}] 1.2e+0l]  1.2e+01{moies microbial Np per constant 23
imoles dissolved Np
PROPMIC jPu 3.0e-01 3001 3.0e-01 jmoles microbial Pu per constant 23
moles dissolved Pu
PROPMIC  jAm 3.6e+00] 36200  3.6e+00|moles microbial Arper - |constant 23
moles dissolved Am
|
CAPMIC Th 19e-031 1.9¢-03]  1.9e-03|moles total mobile Th per  |constant 37
liter
CTAPMIC 18] 21203 2.3eD3] ~ 2.1c-D3}moles o] mobiie U per constant 57
liter -
——— — ___|._ ————
ICA.PMC Np 27e-03] 2703 2.7e-03 |moles wizl mobile Np per  {constant 5,7
titer
CAPMIC Pu 6.8e-05]  6.8e-05 6.8¢-03[moles total mobile Puper  |constant 57
liter
CAPMIC Am oot not not moles otal mobile Am per  |constant 5.7
cwrently  joumenty  jcurrenty  (dter
available |available jzvailabie
| f _ !
INptes: I i I I

generalilbe collojdal actinide soures term 1s added to the dissoived actnide soures temm. |

general/None of the parametess ars correlated. |

!

11If a distmbution is not used for mineral-fragment-bound actinides, use the maximurm concentration as 2

|econstant value.

1

] I

2{Proportionality constants may be used with acinide solubility expressed in wolarity or molality, depending

on the desired final uaits, |

[

l i

3{Proportionality constants are 1o be used with the inorganic actinide solubility value (imcomplexed only,

li-c., withost orgazic ligapd contribution).

I |

4[1If a chstribution is Dot used, use the maxiznum contsotration as a constent value. |

5{The maximum ("cap™) values are in units comparable to molarity rather than molality.

6|CAPHUM 15 compared to the concentranon of the respective humic-bound actinide element.

TICAPMIC is compared 1o the total concentration of the respective actinide element m the mobile system (ie.,

- jthe sum of dissolved plus colicidal actinide).

T }

i

Papenguth to Stockman, 18 April 1986, p. 2 of 2
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Attachment K-

Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters, Revision 2. SNL
Technical Memorandum dated 22 April 1996 to Christune T. Stockman.
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Sandia National Laboratories

Albuguergue, New Maxica 87185
date: 22 April 1996

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

7;‘@;4 U, paf.&-fﬂl

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

subject: Colloidal Actinide Source Term Parameters, Revision 2

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-
fragment-type colloidal particles. The attached Table contains the correct values.

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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MS 1328
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MS 1320
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MS 1341

MS 1320
MS 1320
MS 1320
MS 1320
MS 1320
MS 1320

MS 1324

MS 1341
MS 1341

MS 1324
DOE/CAC

Hong-Nian Jow, 6741
Amy S. Johnson, 6741
Martin S. Tierney, 6741

Mary-Alena Martell, 6749

E. James Nowak, 6831
R. Vann Bynum, 6831

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

W. George Perkins, 6748
John W. Kelly, 6748
Daniel A. Lucero, 6748
Craig F. Novak, 6748
Hans W. Papenguth, 6748
Malcolm D. Siegel, 6748

Susan A. Howarth, 6113

Kurt W. Larson, 6747
Ruth F. Weiner, 6747

' Richard Aguilar, 6851

Robert A. Stroud
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Mobile-Colloidal-Actinide Source Term; Concentration/Proportionaiity Constants; Revision 2

Status

Parameter

(IDPRAM)

Matenal
JDMTRL)

ost
Likely
Value

Minimumn
Value

Maximum
Value

Units

Dastribution
Type

MNotes

revised

CONCMIN

2.6e09

2.6e-10

5.60-08

moles colloidal mineral-
fragment-bound Th per liter
of dispersion

triangutar

revised

CONCMIN

25009

2.6e-10

2.6e~08!moles colioidal mineral-

fragment-bound U per liter
of dispersicn

trianghlar

revised

CONCMIN

Np

2.6e-09

2.6e-10

2.6e-08

moles colloidal mineral-
fragment-bound Np per liter
of dispersion

tnangutar

revised

CONCMIN

2.6¢-09

2.6e-10

2.6e-08

moles colloidal mineral-
fragment-bound Pu per liter
of dispersion :

tnangular

revised

CONCMIN

2609

2.6e-10

2.6e-08

imoles colloidal mineral-
fragment-bound Am per liter

of dispetsion

triangular

CONCINT

Q.0e+00

0.0e400

0.0e+{K}moles actinide~intrinsic

colipidal Th per liter of
dispersion

constant

CONCINT

C.0e+00

0.0e+00

moles actinide-intrinsic
colloidal U per liter of
dispersion

cogpstant -

CONCINT

0.0e+00

0.0=400

0.0=+00

moles actinide-inmnsie
colioidal Np per liter of
dispession

constant

CONCINT

1.0e-09

1.0e-09

1.0e-09

moles actinide-intrinsic
colividal Pu per liter of

dispersion

constanft

CONCINT

0.0e+00]

0.0e+00

0.0e+00

moles actinide-inmnsic
colioidal Am pex titer of
dispersion

constant

PHUMSIM

i
PHUMOXS |

1 3e-01

8.0e-03

1.9¢-01

molss coiloidal humic-bound
actinide (1T} per moles
jdissolved acrinide (TII) ~ .

triangular

PRUMSIM

PHUMOX4

6.3e+00

535500

6.3e+00

-Toles coliGidal Bumie-bound
actinide V) per moles
dissolved actinide (IV)

rconstant

PHUMSIM

PHUMOX5

4.8c-04

3.3e-05

actinide (V) per moles
dissolved actinide (V)

moles colloidal humic-bound]tr

triangular

PHUMSIM

PHUMOX6

5.6e-02

§.0e-03

moles colloidal humic-bound|

. ammdc(VI)pcrmola:--* , .

dJssolvcd ar:nmdc (VI)

miangutar

PHUMCIM

PHUMCIM

PAUMOX3

1.1e+00

535200

6.5-02

6.3c+00..

actinide (IL‘I) pe: moles -
dissolved actinide (00) ™

.mo!cs m]lo:da] hunuc-bound.

tangaler

PHUMOX4

6.3e+00

molss colloidal hurmnic-bound|
jactinide (TV) per moles
dissolved actinide (TV)

constant

PHRUMCIM

PHUMOXS

3.9¢-03

43204

7.4¢-03

moles colloidal bumic-bound
actinide (V) per moles
dissolved actinide (V)

mangular

234

PEUMCIM

PHUMOXS6

2.8e-01

- 62202

5.1e-01

moles colloidal humic-bound
actinide (V1) per moies
dissolved actinide (VT)

triangular

234

Papenguth to Slockman, 22 April 1895, p. 1 of 2
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Mobile-Coilpidal-Actinide Source Temn; Concentration/Proportionality Constants; Revision 2

Status Parameter | Material Most | Minimum | Maximum Units Distribution Notes
(DPRAM) { JDMTRL)| Likely Value Value Type
Value
CAPHUM Th 1.1e05 1.1e05 1.1e-053|moles colloidal homic-boundiconstant 56
_ Th per liter of dispersion
CAPHUM 3] 1.1e03 1.1e-05 1.1e-05|moles colioidal hurmic-boundjconstant 5,6
: . U per liter of dispersion ‘
CAPHUM INp . 1ie05] lle05 1.1¢-05|moies colloidal bumic-bound|constant 5,6
- ) _ {Np per liter of dispersion
CAPHUM  'Pu .. 11408 1.1e-05 1.1e05]moles colloidal humic-bonnd!constant 5,6
: Pu per liter of dispersion
CAPHUM  [Am 1.1e-35 1.1e-05 1.1e-05{moles colioidal humic-bound|constant 36
: Am per liter of dispersion
PROPMIC [Th 31e+00]  3.1e+00]  3.1c+0|moles microbral Th per constant ] 23
) A - moles dissolved Th
PROPMIC U ] 2103 21e03 2.1e-03|moles microbral U per moles |constant 2.3
. ) dissolved U
PROPMIC  [Np - 12=+0 122401 1.2e+01 |moles micyobial Np per copstant - 2.3
. moles dissolved Np
PROPMIC  (Pu 3.0e-01 3.0e-01 3.0e-01 jmoles microbiai Pu per copstant 2.3
: moles dissolved Pu
PROPMIC  [Am - 36=400]  3.6e400f  3.6e--00{moles microbial Am per jeonstant 2.3
moles dissoived Am
[ ] {
CAPMIC Th 1.6¢-03 1.9e-03 1.9e~03imoles total mobile Thper  |constant 5.7
liter
CAPMIC U 2.1e-03 2.1e-03 2.1¢-03|moles total mobile U per constant 57
- P liﬁ:l’ - .
CAPMIC Np 2.7e-03 2.7e-03 2,7e-03|moles iotal mobile Np per jconstant 5,7
Iier
CAPMIC Pu 6.8e-05 6.8e03 6.8e-05|moles total mobile Pe per ~ |constant 5,7
liter
CAPMIC Am not 1ot ot moles total mobile Am per” constant 37
currently [currently  lcurrendy  jlieer - . _
) available [available |available
! I
Notes: i ! L , | o
gencral{ Tne colioidal aciinide source tarm is added 1o the dissoived actinide source tam. i
| geaeral|None of the parameters are comrelated. | i i |
1]If a distribution 1s not used for mineral-fragment-bound actinides, use the maximum cohcentration as 2
Tonstant value. | [ | i i
Z[Proportionality constants may be used with actipide solubility expressed in molarity or molality, depending
on the desired final uns. | 1 1
3 P@cmonahty constants are 10 be used with the inorganic actmde solubility value (unwmpicxcd only,
e, without orgaric iigand contmiputon). 1
4If a distibution is pot used, use the maximum conceniration as a constant value.
51 The maximum ("cap”) values are in untits comparable 10 molanty rather than molality. -
6}CAPHUM is compared 10 the concentration of the respective humic-bound actimde element. |
TICAPMIC is compared 1o the 1otal concenmation of ihe respective actimide clemem in the mobile system (1.£.,
the sum of dzssoivcd plus colloidal actinide). T T T

Papenguth to Stockman, 22 April 1296, p. 2 of 2
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lope #3565 Sandia National Laboratories

Albuguerque, New Mexice 87185
date: 7 May 1996

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

%Zamﬁ, Upw

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

subject: Parameter Record Package for Coiloidal Actinide Source Term Parameters

Attached is the Parameter Record Package for the WIPP 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:

WPO# Parameter Record Package Name

35850 Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids
35852 Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids
35855 Mobile-Colloidal-Actinide Source Term. 3. Humic Substances

35856 Mobile-Colloidal-Actinide Source Term. -4--Microbes

copy with Attachments to:

MS 1320 Hans W. Papenguth, 6748

MS 1320 W. George Perkins, 6748

DOE/CAO Robert A. Stroud '

copy without Attachments to: e
MS 1320 E. James Nowak, 6831

MS 1324 Susan A. Howarth, 6115 -
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 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 (WIPP) Colloid Research
Program, Hans W. Papenguth, for input to the WIPP Data Entry Form and for use in WIPP
Performance Assessment (PA) calculations. -

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

Data/Parameter: Not applicable.

Parameter id (idpram): PROPMIC and CAPMIC.

Material: Microbes and the actinides Th, U, Np, Pu, and Am.
Material Identification (idmitrl): Th, U, Np, Pu, and Am.

s < 2 B F

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.”

V. 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.

Mean: See Attachments A, C,E, and F.
Median: Not applicable.

Standard Deviation: Not applicable.
Maximum: See Attachments A, C,E, and F.

Minimum. See Attachments A, C, E, and F.

@ W m Yo

Number of data points: Not applicable.
VII. Data Collection and Interpretation Inform;zztibn.
A. Data Source Information: WIPP observational data and literature.
B. Data Collection (for WIPP observational data). -
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; Inés

Parameter Record Package: WPO#35856 page 1



C. fnterpretatzon of Data.’

1.

2
3.
4

R. Triay, LANL PI). 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.

Assumptions Made During Testing: See Attachment A.
Standard Error of Measurement of Tests Performed: See Attachment A.

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.

References Related to Data Collection: See Attachment A.
QA Status of Data:
a. Areall of the data qual:ﬁed ? Yes.

b.  Were data qualified by QAP 20-3? No. Data packages will be submitted
for work conducted at BNL and LANL (see VII,B,1 above for contract
numbers) under File code WBS 1.1.10.2.1.

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
DOE/CAO (S-96-08). BNL (contract number AP-2273) is scheduled to be
audited by SNL (EA96-19) in May 1996 DOE/CAO 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 their
program (WIPP Colloid and Bacterial Transport Project, CST-CBT-
QAP1-001/0). BNL conducted work under an approved QAPP prepared
especially for their program (Examination of the Role of Microorganisms
in 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 Behl, 1996). Detailed descriptions of
the experiments and interpretation listed herein will be published in a
SAND report.- Documents related to data collection at BNL and LANL
will be archived i in the Sandia WIPP Central Files (SWCF; File code WBS
1.1. 10 2. 1)

Was the mterpretanon made by reference to prevzous ‘work. No.
Was the mterpretanon made by usmg newly per_‘)‘brmed calculatzons ? Yes.
Form of Interpreted Data. List of interpreted values.

Assumptions Made During Interpretation. See Attachment A.

Parameter Record Package: WPO#35856 page 2




P

5.  Name of Code(s)/Software 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 19-17 Not applicable.
b.  Was the code qualified under QAP 9-1? Not applicable.
7.  References Related to Data Interpretation: See X1 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
- 9-57 Yes.

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.

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

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

Papenguth, HW., and Behl, Y.X,, 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 Definition 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 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 chhnical,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 Acumde Source Term Parameters,
Revision 2. SNL Technical Memorandum dated 22 Apnl 1996 to
Christine T. Stockman.

Parameter Record Package: WPO#35856 page 3



XILI. Distribution

SWCF-A:WPO# 35856: Mobile-Colloidal Actinide Source Term. 4. Microbes.
SWCF-A:WBS 1.1.10.2.1: Colloid Characterization and Transport.

Parameter Record Package: WPO#33856 page 4
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Attachment A.
Rationale for Definition of Parameter Values for Microbes

Hans W. Papenguth

Introduction

The actinide source term at the WIPP is defined as the sum of contributions from dissoived
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
(humnic 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
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.

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  proportionality constant for concentration of actinides associated
with mobile microbes; and
CAPMIC maximum (cap) concentration of actinide associated with mobile

microbes : : W
idmtrl: Th thorium;
U uraniur;
Np neptunium;
Pu platonium; and
Am americium.

Attachment A: WPO#35856 Papenguth page 1



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 extraceliular
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
WIPP 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
bicaccumulation by microbes; and (4) evaluation of toxicity effects of actinide elements on
microbe growth.
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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; Inés 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 Gillow, 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 Gillow, 1994). As part of
the WIPP Colloid Research Program, samples of Culebra groundwater were carefully coilected
from the H-19 hydropad, processed, and characterized for indigenous microbes. Concentrations
of naturally occurring microbes were on the order of 10° 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 actinides in the Culebra.
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." The actinide reagents , -
used were thorium nitrate, thorium EDTA, uranyl(VI) nitrate, uranyl(VI) citrate; ncptunyI(V)
EDTA, plutonyl(V) perchlorate, plutonyl(V) EDTA,-and americinm EDTA. For thoge ..
experiments, a pure bacterial culture (WIPP-1A) and a mixed bacterial culture (BAB) were usc§ 5
Most of the experiments were conducted with the WIPP-1A culture, because of the fast crrowth w
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 WIPP-1A 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
filtration with 0.03 um, 0.4 pm, and 10 pm filter pore sizes was conducted on each vessel. The
following size fractions were obtained:

fluid column sample particle size actinide association with:

not filtered all ‘ all forms listed below

0.22 pm syringe filter, filtrate | <0.22 um dissolved; lysed microbes

10 pm filter, filter rententate > 10 pm clumped microbes

10 um filter, filtrate <10 um dissolved; dispersed microbes; lysed
microbes

0.4 um filter, filter rententate =0.4to 10 um | dispersed microbes

0.4 wm filter, filtrate < 0.4 wm dissolved; lysed microbes e

0.03 um filter, filter rententate | = 0.03 to 0.4 pm | lysed microbes I

(.03 ym filter, filtrate < 0.03 um dissolved; lysed microbes

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 (I g PQ?/L), which is known to coprecipitate actinide cations. The

inocujated 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 filtration equipment.

The toxicity experiménts were conducted as a component of the filtration experiments described
above, by \{;irying the actinide concentration, and comparing growth curves measured by optical
density,andjor 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 um filter rententate and 0.03 pm 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
fraction because nearly all of the bacteria biomass was associated with that filter. A ‘small
concentration of actinides was associated with suspected biomass trapped on the 10 um filter, as
clumped microbes, and on the 0.03 um filter, as lysed microbes. The coniribution of actinides
associated biomass consisting of clumped and lysed microbes was typically at least one order-of-
magnitude 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
filtrate was used in the ratio because it provides the best indication of final 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 WIPP-1A culture, the first 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
Table 1). ' ‘

The filtration 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 or 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 CAPMIC values and comments on the determination of parameter values are summarized in
Table 2.

The expeniments 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
CAPMIC are provided to the PA Department. Uncertainties due to analytical precision are smail
compared t0 uncertainties in knowledge of the microbe culture which might predominate in the
WIPP repository or in the Culebra in an intrusion 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. F o

Summary

Interpreted values for PROPMIC and CAPMIC are summarized in Attachments C, E, and F.
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Table 1.—Mlcrobe filtration results.

By

date of actinide form initial targey | wicrobe culere | sampling | 0.4 pm filter, uncertainty 0.03 pm filter, uncertainty proporiionality comments related lo
experiment aclinide ) time Nlter retentale, filteate, constant selection of PROPMIC
concentration (days) {inoculated vessel incculated vessel {microbial values
(M} An/dissolved An
in M/M)
PLUTONIUM
28-Nov-95|Pu-239  |Pu(V) EDTA [.OOE-05| WIPP-1A 3 3.59E-07 not available 1.30E-06 not available 0.2762{disregard
28-Nov-95{Pu-239  {Pu(V) EDTA _LOOE-O5)WIPP-1A 8 3.675-08 not available 5.80E-07 not available 0.0633 [include in mesn for Pu
28-Nov-95|Pu-239 Pu(¥Y) EDTA L.OOE-Q5 | WIPP-1A 15 1.85E.09 ot available 1.66E.07 not available 0.0473 [include in mean for Pu
| .
28-Nov-95|Pu-239  [Pu{V) EDTA 1.00B-06| WIPP-1A 3 1.81E-07 not available 6.85E-08 not available 2.6423|disregard
28-Nov-95{Pu-239  |Pu(V) EDTA 1.00E-06| WIPP-1A 3 8 7.55E-09 not available J.05E-08 not available 0.2475;include in mean for Pu
28-Nov-95 E’t{-239 Pu(V) EDTA 1.00E-06]WIPP-1A ~ 1_5_ 2.69E.09 not available 1.07E-08 not available 0.2514]include in mean for Pu
28-Nov-95|Pu-239  {Pu{V)EDTA 1.00E-07| WIPP-1A 3 7.2_85-()9 not available 1.94E-08 not available 0.3753|disregard
28-Mov-951Pu-239  IPu(V) EDTA LOOE-07|WIPP-1A 5 1.11E-10 nol available 5.82E.08 nol available 0.0019|include in mean for Pu
12-Feb-96]Pu-239  |Pu{V) EDTA 1.60B-06| WIPP-1A T Ty 3.16B-08 4.59E-10 1.3RE-08 t 34E-09 22899 disregasd
12-Feb-96|Pu-239 Pu(V) EDTA L.OOB-06| WIPP-1A B 1.44E.09 [ 9.50E-11 6.028-09 L11E-10 0.2392 [include in mean for Pu
12-Feb-26|Pu-239  |Pu{V) EDTA [.O0E-06| WIPP-1A 11 9.24E-10 1.70B-10 6.33E-09 3.22E-10 0.1460[include in mean for Pu
28-Nov-95|Pu-239  jPu({V) perchlorate 1.00E-05| WIPP-1A 3 2.54E-07 not avatlable 1.63E-06 nol available 0.1558 |disregard
28-Nov-95(Pu-239  |Pu(V) perchlorate 1.00E-05| WIPP-1A 8 5.18E-07 not available 1.16E-06 not available 0.4466 include in mean for Pu
28-Nov-95{Pu-23¢  {Pu(V) perchlorale 1.O0E-05{WIPP-1A 15 2.87E-08 not available 1.83B.06 not available/ 0.0157include in mean for Pu
28-Nov-95|Pu-239  [Pu(V) perchiorate 1.00E-Q6! WIPP-1A 3 2A3E-07 niot vailable 9.94E-0§ not available 2.4447|disregard
28-Nov-95|Pu-239 | Pu(V) perchlorate {.00E-06/ WIPP-1A 8 1.17E-08 not available 4.08E-08 not avaifabte 0.2868 linclude in mean for Pu
28-Nov-95{Pu-239  |Pu(V) perchlorate 1,00B-06| WIPP-1A 15 1.00E-09 nol available 2.01E-08 not available 0.0498linclude in mean for Pu
28-Nov-95|Pu-23%  |Pu(¥Y) perchlorate 1.00B-07| WIPP-1A 3 1.15E-08 not available 2.29B-08) not available 0.5022 |disregard o
28-Mov-95|Pu-239  [Pu(V) perchlorate 1.O0E-07| WIPP-1A 8 2.93E-09 not aveilable 143E.09 not available 2.0490 include in mean for Pu
28-Nov-95/Pu-239 - |Pu(V) petchlorate 1.00E-07{WIPP-1A 15 7.65B-11 not availoble 1.07E-07 not available 0.0007finclude in mean for Pu
12-Feb-96{Pu-239  |Pu(V) EDTA 1.00E-D6|BAB 3 2.52E-10] 4.28E-11 5.68E-08 J.19E-10 0.0044 |disregard N
12-Feb-96{Pu-239 - |Pu(V) EDTA 1.00B-06|BAB 9 1.45E-09 1.14E-10 3.39E-08 5.96E-10 0.0373|disregard
12-Feb-96|Pu-239  [Pu(V)EDTA 1.00B-06| BAB 21 1.22E-09 2.00E-10 5.46E-08] 545E-10 0.0223 [disregord
PROPMIC(Pu); - |mean J 3.0e-01
stendard deviation 5.44e-01
number of samples 1.3e+01
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Table 1.—Microbe filtration results.
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date of actinide form initial target | microbe cultvre | sampling [ 0.4 pm filter, uncestainty 0.03 um fileer, uncertainty propertionality comments selated 1o
experiment nctinide time filter retentate, filtrate, constant selection of PROPMIC
concentration (days} |inoculated vessel inoculated vessel (microbial values
(M) Anfdissolved An
in M/M)
AMERICIUM
11-Mar-96/Am-243  |Am EDTA S.00E-07|WIPP-1A 3 1.82E-08 1.I58-10 1.84E-09 2.12B-10 9.8913|disregard
11-Mar-26|Am-243 |AmEDTA $.00E-07|WIPP-1A 632E-09| 2.52E-10 335809 6.65E-10 1.8866)include in mean for Am
11-Mar-96/Am-243 |Am EDTA 5.00B-07|WIPP-1A 11 1.22E-08 5.33E-10 2.28E-09 1.05E-10 5.3509|include in mean for Am
PROPMIC(AM): jmean 3.6e400
standard deviation ~ 2.45¢+00
number of samples B 2.0e+00
_|NEPTUNTUM o i
29-Mar-96|Np-237  |Np(V) EDTA 5.00B-05| WIPP-1A 3 6.24E-06 1.58E-07 8.04E-06 4,11E-06 0.7761 |disregard
29-Mar-96]Np-237  |Np(V) EDTA 5.00B-05{ WIPP-1A 2.33E-06 1.24E-06 [.98E-07 8.80E.-09 11.7677:include in mean for Np
20-Mar-96{Np-237  INp(V) EDTA 5.00B-05|WIPP-1A Lt not available not available not available not available not available|disregard
PROPMIC(Np): |mean 1.2e401
standard devialion not applicable
number of samples 1.0e+00
THORIUM e
t1-Mar-926(Th-232 ITh BDTA L.OOB-03| WIPP-1A 7 4.90B-04 141B-04 22804 9.14E-05 1.8015]include in mean for Th
11-Mar-96|Th-232 |ThEDTA 1.00E-03 [ WIPP-1A 13 6.95E-04 7.55E-05 1.55E-04 6.10E-06 4.4839|include in mean for Th
PROPMIC(Th): |mean 3.1e+00
standard deviation 1.90e+00
number of samples 2.0e+00
URANIUM -
9-Peb-96(U-238 U(V1) nitrate 1.00B-03| WIPP-1A 4 5.30E-07 3.18E-08 2.93E-04 1.06E-06 0.0018(disregard
9-Feb-96i1-238 U(VI) nilrate [.00E-03 | WIPP-1A 13 2,11E-06 2.61E-07 9.83B-04 1.68H-05 0.0021|include in mean for U
22-Feb-96|U-238 U(V1} nitrate 1.00E-03|BAB 5 2.17E-06 1.64E-07 1.24E-03 4,20B-06 0.0018}disregard
22-Feb-96|U-238 U(V1) nitrate 1.00B-03|BAR 13 2.22B-06( 1.89E-07 1.16E-03 4.20E-06 0.0019|disregard
PROPMIC(U):  |mean B e 2.1e-03
slandard deviation not applicale
number of samples 1
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Table 2. —Microbe toxicity resulls.

date of aclinide fann inliial target 0.2 pm filler, {find cedl number| finad opticai Tenal pli magnitde of |tusic cencentration] toxle comments related 1o seleclion of CAPMIC values
¢xperiment acilnlde filurale {actinide {cellsimL) density a1 600 loxicity {relative | - vhserved (M) concendralion -
concentratlon (M)} solubilliy; M) nm (nits) 10 no octinlde extrapolated (M)
control)
TIIORIUM - o
—__ 13-Mar-96|comsol {none}  {nox sppllcable nol apphlcable|  not applicable| notanalyzed] 0567 B8.08) notapplieable) ¢4 o f o - .
f I . ~ . |
___13:Mar-96)Th-232 Th(1V) nlirate 4.30c-04 O (ppt}| ___notanalyzcd 0.645 B2z nane; ™ R R
13-Mer-96| Th-232 Th(Y) nlirate 1.10e-03 0 {ppt) not anclyzed 0.58 B.28 __hongl _ _ _
13-Mar-96,Th-232 TRAV) nliate 2.10e-0) O¢ppt. nol analyzed| 0352 (ppi.) 6.058 extreny 1.90e-03 use for Th
13-Mur-96[Th-232 Th{iV) nitrate 4.30e-0) 0 {ppt. nol analyzed| 0427 (ppt) 5.7 gxtreme 3.46¢-03 disregard, toricily ohserved al lower valug
T 13 M 96 Th232 Th(IV) EDTA 430604 3.41e.04]  notanalyzed| 0.063 645 inconclusivef T _ T _
13-Mar-96|Th-232 Th(1¥) EDTA 1 10e-03 1.0te-03 4,24e406 0.071 6.13 moderate N
13-Mar-96|Th-232 ThilY) EDTA 2.20e-03 1.90e-0), not analyzed 0.004 6.08 exlreine 2.20e-03 disregard, toxicity observed al lower value
13-Mar-96/Th-232 ThV) EDTA 4.30e-03 3.46¢-01 not analyzed 0 6.32 exitzime 4.30e-03 disregard, toalcily observed B lower value
[URANIGM NN N
17-0ct-95| control (none) _|not appllcable not applicable] ot applicabl 2.62¢+08 0.544 8.1)  novapplicable not applicable nel spplicable : .
17-Cct-95{L1-238 U(VI} nltrate 4.20c-(4 4,004 2.57c+08 0.543 304 none
17-0ct-95)U-238 U{V1) nitrate 1.10e-03 1.00¢-03 3.08¢+08 0.539 794 none N
17-0ct-95|U-238 UV} niuale 2.10:-03 O0{ppt.} 2.24¢408 0.272 6.26 £rirenie 2,10e-03 use for U
17-0ct-95| U-238 U(VI1) nitale 4.20e-03 D{ppLy|_ 2.02¢+405 0.533 59 extréime 4.20e-03 disregard, loxiclty observed at lower vatue
17-Oct-93| U-238 U(VI) clirate 4.20:-04 4,20e-04 2.77¢408 0.514 8.0l none!
17-0c1-951U-238 (V) cleate L 10e-03 1.10e-03 2.39¢+08) 0.508 7.56) none|
17-0ct-95|U-238 UCVI) clirate 2.10e-03 0 (ppt. 2.58¢+05 0.318 6.1 &xireine 2.10e-03 use for U
17-Oct-95|1)-238 U(VI) cltrate 4.202-03 0 (ppt.} 193405 0.344 591 exireme 4.20e-03 disregard, toxlchy observad at fower vatug
-
NEPTUN] UM _ o
19-Mat-96 |control {none}  {nol applicable not sppllcable|  not applicable nol anelyzed 0.8 B8.04 noae,
19-Mar-26{Np-237 Np{¥) EDTA 3.00e-06 2,70e06 not analyzed 0.788 8.02 none
19-Mar-96[Np-237 Np{V) EDTA 5.00¢-03 2.53¢-05 not analyzed 0.802 7.95 none
19-Mar 96 Np-137 NpV) EDTA 5.00e-04 2.65¢-04 nol anajyzed 0.141 6.574 bui some growlh 2.65-4 use for Np, but increase by one order of magnitude because of some growsh
PLUTONIUM
28-Nov-95[control {none)  |mot spplicable not applicable|  not spplicabte 3.402+08] 0.672 8.157 _ not applicable not spplicable) hel appliceble;
T T Pu{¥) perchlorate 1.00¢-07 5.0te-08 3.20e+08 0.683 8.197 none,
18-Nov-95{Pu-239 Pul¥) perchloraty 1,00¢-06 6.90e-07 1.40¢+08 0453 8311 moderate
28-Nov-95{Pu-239 Pu(¥) perchloral 1.00e-05 §.80¢-06 5.50e+07 0.23% 7.94 1] 7.71¢e-06|disregard, toxlchy observed at lower value
28-Nov-93(Pu-239 Pu{V) EDTA 1.00e-07 3.50¢c-08 2.802+08 0.691 §.223 none
28-Nov-95|Pu-239 Pu{V) EDTA 1.00e-06 6.20e-07 £ 20e+08 0.49% 8.387 imaderate
28-Nov-951Pu-219 Pu(v¥) EDTA 1.00¢-05 §.00¢-06 9.80¢+07 0.532 §.383 extreme 6.83¢-06|use for Py, but Increase by one order of magnitude
AMERICIUM ]
$-Mnr-96|control {none)  [not applicable notspplicahlel  notapplicahle! not aoalyzed 0.%9 793 not spplicable
5-Mar-96/Am-243 Am(i) EDTA 5.00e-08 2.62¢-08 noi anulyzed D.BG4 198 nore
5-Mar-96]Am-243 Am(li) EDTA 5.00e-07 3.36e-07 not anatyzed 0.821 8.04 none .
S-Mar-%[.‘\m-‘zﬂ Am(IIT) EDTA 5.00e-06 2.65¢-06] . not analyzed 0.79, 8.04 slight >2.65E-06 Inconclusive; Am concentrations not sufficlenlly high

Page 1




Attachment B:

j :

' Stockman, Christine T., 1996, Request for colloid parameters for use in NUTS, GRIDFLOW and
B direct brine release calculations. SNL Technical Memorandum dated 29 March 1996 to Hans
£ W. Papenguth.

4

i

AT e

[XTCIRR

[T R TR
T



N !“"T""._"wmr'ﬂpw..-w,,,.._.‘ ,_

P

ey 'lﬁ’mwf ﬁq}g‘ail mep ﬂmT?u,

date:

to:

subject

ﬂ'l Sandia National Laboratories

Operated for the U.S, Department of Enangy by
Sandia Corporation

Albugquerque, New Mexico 87185-

3/29/96

Hans W. Papenguth

Shthirrr,

Christine T. Stockman
Request for colloid parameters for use in NUTS, GRIDFL.OW 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 colleids. In this memo
we request the maximum mobilized radionuclide concentration and/or 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 plapning to model them as
very solable, and not sorbed, so I believe modeling of colloids for them will not be necessary.
For Cm solubility, we will be using the Am(IIT) model. If you believe that Cm colloids also
behave similarly to Am colleids, we could extend the chemical analogy to the colloid -
behavior. If you agree with these simplifications 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 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 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:WBS1.2.07.1.1:PDD:QA:GENERAL

Exeeptional Service in the National Interest
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Attachment C:'

Papenguth, Hans W., 1996, Colloidal Actinide Source Term Parameters. SNL Technical
Memorandum dated 29 March 1996 to Christine T. Stockman.
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Sandia National Laboratories

Albuquerque, New Mexico B7185

dar= 29 March 1996
to: Christine T. Stockman, MS-1328 (Org. 6749)

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

subject: Colloidal Actinide Source Term Parameters

This memorandum summarizes best estimates for the mobile colloidal actinide sonrce term
for input to the WIPP Compliance Certification Application. The use of material and
parametey identification codes is consistent with your letter to me dated 29 March 1996
requesting parameter values. In the attached table, T have prowded best estimates for the
following matenal—pammctcr Combmanons- e

IDI\II'RL:' Th, U, Np, Pu, Am

IDPRAM: CONCINT  concentration of actinide assocxated w1th mobile actm:d_e
R —~——--intrinsic colloids ’ o
CONCMIN  concentration of actinide assocjated with mobile mineral
fragment colloids
CAPHUM  maximum concentration of actinide associated with mobile
hurnic colloids - :
CAPMIC maximum concentration of actinide associated with mobilz
‘microbes i}
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 americiumn. 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# Parameter Record Package Name

35850 Mobile-Colloidal-Activide Source Temrn. 1. Mineral Pragmcnt Colloids
35852 Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids
35855 Mobile-Colloidal-Actinide Source Term. , 3. Hurpic Substances

35856 Mobile-Colloidal-Actinide Source Term. 4. Microbes
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copy to:

MS 1328 Hong-Nian Jow, 6741

MS 1328 Amy S. Johnson, 6741
MS 1328 Martin S. Tiemey, 6741
MS 1320° . E. James Nowak, 6831 {/’
MS 1320 . R. Vann Bynum, 6831

MS 1341 John T. Holmes, 6748

MS 1341 - Taurence 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
MS 1320 Craig F. Novak, 6748

MS 1320 Hans W. Papenguth, 6748
MS 1320 Malcolm D. Siegel, 6748
MS 1324 Susan A. Howarth, 6115
MS 1341 Kurt O. Larson, 6747

MS 1341 Ruth F. Weiner, 6747

MS 1324 Richard Aguilar, 6851

SWCEF-A:WBS1.1.10.2.1
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Motiie-Celividai-Actinide Source Term—Concentration/Proportionality Constants

Parameter | Material Most | Minimum | Maximom Units Distribution { Notes |
Likely Value Yalue Type
Value
CONCMIN |Th 1.38-09 1.3e-10 1.3e-08imoles colloidal mineral- triangular i
fragment-bound Th per Lter
of dispersion .
CONCMIN U 1.3e-09 1.3e-10 1.3e-08|moles colloidal mineral- triangular 1
fragment-bound U per liter
of dispersion
CONCMIN |[Np 1.3e-09 1.3e-10 i3e-08{moles colloidal mineral- triangular 1
fragment-bound Np per lLiter
of dispersion
CONCMIN [Pu 13e-09{ ~13e-10 1.3¢-08|moles colloidal mineral- . |miangular {
fragment-bound Pu per fiter
_ of dispersion
CONCMIN |Am 1.3¢-09! - 1.3e-10 1.3=-08)moles colloidal mineral- riangular 1
{fragment-bound Am per liter
of dispersion
i e
CONCINT |Th 0.0e+00]  0.0e+00]  0.0e+00|moles actinide-inminsic constant
colloidal Th per liter of
dispersion
CONCINT U 0.0=+00]  0.0=+00] 0.0e+00]moles actinidesnminsic constant
colloidal U per liter of
dispersion
CONCINT Np 0.0e+00; 0.02+00{ 0.0e+00{moles actinide-intminsic constant
colloidal Np per liter of -
dispersion ]
CONCINT  [Pu 10205]  1.0609)  1.0s-09|moiss acanide-intrinsic constant ~
colloidal Pu per liter of
dispersion _
CONCINT  {Am 0.0==00 0.0e+00 0.0=+D0 ! moles actinid=-intrinsic constant
colloidal Am per liter of -
disparsion
! |
PROPHUM |Th 6.4e+00{ 64e+00]  6.4e+00{moles colloidal hurnic-bound|constant 3
Th per moles dissoived Th
FROPHUM |U 142400 1.6e-01}  2.0e+00)moles colloidal hymic-boundimianguiar 234
. - 1U per moles dissolved U
PROPHUM |Np 4.0e400]  4.0e+00]  4.0e+00|moles colloidal humic-bound|constant 23
Np per moles dissolved Np | -
PROPHUM |Pu 592400 5.9:+00] 5.9¢+00{moles colloidal humic-boundiconstant 2,3
Pu per moles dissolved Pu
PRCPHUM  |Am - 2.52+00 1.5¢-01t  3.5e+00|mol=s cobioidal humic-bound|miangular 234
Am per moles dissolved Am

Papenguth {a Stockman, 28 March 1995, Page 1 of 2
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Mobile-Colloidal-Actinide Source Term——Concentralion/Proportionality Constants

i
\ )
Parameter | Materiat Most | Minimum | Maximum Units Distribution | oles‘"""‘ﬁi.
Likely Value Value Type
Value
CAPHUM  |Th 15635 15¢-05 1.5e-05|moles colloidal humic-bound|constant 5,6
Th per liter of dispersion
CAPHUM ¥ 1.5e-05 1.5e-05 1.5¢-05moles colloidai humic-bound|constant 3,
U per liter of dispersion
CAPHUM INp . 1.5¢-05 1.5e-05 1.5e-05|moles colloidal humic-bound|constant 56
Np per liter of dispersion
CAPHUM {Pu 1.5¢-05 1.5¢-05 1.5¢-05 [moles colloidal humic-bound|constant 3.6
_ Pu per liter of dispersion .
CAPHUM Am 1.3¢-05 1505 1 52-051moies colioidal humic-bound|constant 56
-7 |Am per Heer of dispersion :
PROPMIC  |Th 3.1e+00] 31400 3.1e+00)moles mucrobial Th per constant 23
. . moles dissolved Th
PROPMIC U 2.1e-03 2.1e03 2.1e-03 |moles microbial U per moles |constant 23
dissolved U
PROPMIC [Np 1.2e+01 1.Z2e+01 1.2e+01 jmoles microbial Np per constant 2.3
moles dissolved Np )
PROPMIC  [Pu 30201 "3.0e-01 3.02-0T{moles microbial Pu per constant 2.3
moles dissolved Pu
PROPMIC Am 3.6e+00 3.6e+00 3.62+00{moies microbial Am per constant 25
moles dissolved Am
] i -
CAPMIC Th 1.9e-03 1.9e-03 1.92-03 |moles total mobil€ Th per  |constant 5,7
liter
CAPMIC U 2.1e-03] - 2.1e03 2.1e-03jmoles total mobile U per constant 5.7
. . liter
CAPMIC Np 2.7e-03 2.7¢-03 2.7e-03tmoles total mobile Npper  [constant ' 37
liter
CaPMiIC Pu t.5e-05 6.8e-05 6.8e-05imol=s total mobile Pupar  jconstant i 57
liter - l
CaPMIC ATn not not not moies total movile Am per  |constant 5.7
currently  jcurrendly  jcumrently (liter
available |available lavailable
| i
Notes: i
general| The colloidal actinide source term is added to the dissolved acunide source term.
genz=ral{None of the parametars are correlated. I ]
11If a dismribution is pot nsed for mineral-fragment-bound actinides, use the maximum concentanon 2s a
constant value, T i ] i
2{Propormionality constants may be used with a2ctinide solubility expressed in molanty or molality, depending
on the desired final units. i i !
3{Proportionality constants are to be used with the sum of actnide oxidation spccxcs for each actinide element
{uncomplered only, Le., without organic ligand contribution). i !
4|If a distribution is not used for huuc-bound U or Am, use the maximum concentration as 2 consant value.,
5iThe maximum ("cap”) values are in units comparable to molatity rather than molzlity.
6[CAPHUM 1s compared to the concentration of the respectuve humic-bound actinide slement
TICAPMIC s compared 1o the total concentraton of the respective actinide element in the mobile system G.2.
Ithe sum of dissolved pius colloidal actinide). [ [ 1

Papenguth to Stockman, 29 March 1996, Page 2 of 2
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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.




ﬂ‘l Sandia National Laboratories

Operated for the U.S. Departrnent of Energy by
Sandia Corporation

Abuguergue, New Mexico B7185-

dae: 472196

w Hans W. Papenguth

i O by

tom: Christine T. Stockman

sutjecc  Request for any modifications to the colloid parameters for use in NUTS, GRIDFLOW and
direct brine release calculations

YiFeng Wang bas revised his recommendation to use 2 invariant points in the PA calculation.
He now recommends that we use the Mg(OH); + MgCO; invariant point for all calculations.
If this invalidates the assumptions that you used to prepare colloid concentration or
proportion 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.

cel

Mary-Alena Martell
Amy S. Jobnson
Hong-Nian Jow
Martin S. Tierney
J. T. Schneider
Richard V. Byoum
E. James Nowak

- — W. George Perkins
SWCF-A:WBS1.2.07.1.1: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.
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Sandia National Laboratories

Albuguerque, New Maxico B7185

date: 18 April 1996

to:

from:

subject:

Christine T. Stockman, MS-1328 (Org. _6749)

%Uﬂwﬁ

Hans W. Papcnguth MS:1320 (Org 6748)

Colipidal Actinide Source Term Parameters, Revision 1

Th;s memorandum summanzes thc rewsed bcst cstzmates for the mob:le colioidal-actinide

“sotifce term for input to the WIPP 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 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
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 affects treatment of actinide elements that will have multiple oxidation
states in the WIPP repository [e.g., UJV) and U(VI); Np(@V) and Np(V); Pu{Ill) and
PuIV)]. A second modification in approach, is that I now provide values for two cases:
(1) 2 Castile brine in equilibrivm with brucite and magnesite; and (2) a Salado brine in
equilibrium with brucite and magnesite. For humlc substances, the fo]lowmg material~
parameter combinations apply:

IDMTRL: PHUMOX3 proportionality constant for concentration of actinides

associated with mobile humic substances, for actinide elements
with oxidation state 3;

p.-lof3
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PHUMOZX4 proportionality constant for concentration of actinides
associated with mobile humic substances, for actinide elements

with oxidation state 4;

PHUMOQXS proportionality constant for concentration of actinides
associated with mobile humic substances, for actinide elements

with oxidation state 5; and

PHUMOX6 proportionality constant for concentration of actinides
associated with moebile hurnic substances, for actinide elements

with oxidation state 6.

oy [i»{}an"\‘“l‘ﬂ— h !t:l:y“J"i 1 ."ﬂ:ww\ ot

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

PHUMSIM . proportionality constant for concentration of actinides
associated with mobile humic colloids, in Salado brine,
actinide solubilities are inorganic only (no man-made ligands),
brine is in equilibrivm with Mg-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(IV)-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 suramarized in the attached table is described in the followmg
record packages for WBS 1.1. 10 2.1

WPO# Parameter Record Package Name

35850 Mobile-Colloidal-Actinide Source Term. 1. Mmeml Fragment Colloids
35852 Mobile-Colloidal-Actinide Source Term. 2. Actinide Intnns:c Colloids
35855 Mobile-Colloidal-Actinide Source Term. 3. Hurmic Substances

35856 Mobile-Colloidal-Actipide Source Term. 4. Microbes

p.20of3
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MS 1328 Hong-Niaa Jow, 6741
MS 1328 Amy S. Johnson, 6741
MS 1328 Martin S. Tiemey, 6741
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Mobile-Colloidal-Actinide Source Termm; Concentration/Proportionality Constants; Revision 1

Status

Parameter

(IDPRAM)

Matenal
(IDMTRL)

Most
Likely
Yalue

Minimum
Value

Maximurn
Value

Units

Distribution
Type

Notes

revised

CONCMIN

Th

2.6e-07

2.6e-09

2.6e-09

moles collowdal mineral-
fragment-bound Th par liter
of dispersion

tnangular

Tevised

CONCMIN

2,6e-09

2.6e-09

2.6e-09

moles colloidal mineral-
fragmeni-bound U per liter
of dispersion

trianguiar

revised

CONCMIN

Np

2,609

26609

moles cclioidal mineral-
fragment-bound Np per liter
of dispersion

inangular

revised

CONCMIN

1609

2609

moies colloidal mineral-
fragment-bound Pu per hiter
of dispersion

mangular

revised

CONCMIN

2.6e-09

2.6e-09

2.6e-09

moies colloidal mineral-
fragment-bound Am per liter
of dispersion

wangular

CONCINT

0.0e+00

0.0e+00

00400

moles actimde-inTinsic
coltoidal Th per fiter of
dispersion

constant

o ‘11‘»9-'- LT TR F‘ﬁ'ﬁ'f"‘,\.'ﬂ ) T

CONCINT

0.0e+00

0.0e+00

00400

moles actinide-inmnsic
colloidal U per lizer of
dispersion

constant

CONCINT

Np

0.0=+00

0.0 00

0.0e+00

moles actinide-ntrinsic
collsdal Np per liter of
dispersion

constant

CONCINT

moles actinide-intrinsic {constant

colloidal Pu per Liter of
dispersion

CONCINT

0.0e+00

0.0e-+00

0.0e+00

moles actimde-intrinsic
colloidal Am per Gier of
dispersion

constant

!

revised (new)

PHUMSIM

PHUMOXS |

1.3-01

5.0:-03

1.9e01

moles colloidal humicbound
actinide (TI) per moies
dissolved actinide (IIT)

miahgular

revised (new}

PHUMSIM

PHUMOX4

6.3e+00

6.3e+00

6.3e+00

moles colloidal hurnic-bound
actinids (IV) per moles
dissolved actinide (TV)

copstant

23

revised (new)

PHUMSIM

PHUMOXS

4.8e-04

53505

9.le-(4

moles colloidal humic-bound]

jactmide (V) pes moles

dissolved actinide (V)

trianguiar

2134

revised (pew)

PHUMSIM

PHUMOX6

5.6e-02

8.0=-03

120

—

Imoles colloidal humic-bound)

actinide (VI) per moles
dissolved actinide (VI)

triangular

234

revised (new)

PRUMCIM

PHUMOX3

Lle+00

6502

1 6400

moles colloidal bumic-bound!
actinide (i) per moles
dissolved actinide (II1)

triangular

234

revised (paw)

PHUMCIM

PRUMOX4

6.3e+0

6.3e+00

6.3e+00

moles coliordal humic-bound
actinide (V) per moles
dissolved actinide TV)

constant

43

revised (new)

PEUMCIM

PHUMOXS

39e-03

7403

moles colioidal humic-bound
actinide (V) per moles
dissolved actinide (V)

tangular

134

Irevised (n=w)

PHUMCIM

PHUMOXS6

2.8e-01

5.1e-01

moles colloidal humic-bound
actinide (VI) per moies

dissolved actinide (V1)

miangular

234

Papenguth to Stockenan, 18 April 18996, p. T of 2
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Mobile-Colloical-Actinide Source Term; Concentration/Proportionality Constants; Revision 1

Status Parameter | Matenial Most Minimum | Maximum Ugits Distribution Notes
(IDPRAM) | (DMTRL)| Likely Yalue Value Type
Value
revised CAPHUM Th 1.Je-035 I.1e-05 1.1e-05]moles colloidal humic-bound]constant 5,
Th per liter of dispersion
revised CAPHUM U 1.1e-05 1.ie-05 I.1e-05!moles coiloidal humic-bound]constant 56
U per liter of dispersion
revised CAPHUM  |Np 1.1e-05 1.1e-D5 1.1e-05]moles colloidal humic-bound|eonstant 3,6
Np per liter of dispersion
revised CAPHUM Pu 1.1e-05 1.1e-05 1.1c-05{moies colloidal hupic-bound|constant 5
Pu per liter of dispersion
revised CAPHUM Am 1.1e-05 1.1e05 1_le-05{moles colloidal bumic-bound|constant 58
Amn per liter of dispersion
PROPMIC 1Th 31e+00]  3.1e+d0]  3.1e400imoles microbial Th per constant 23
) - |moles dissolved Th
PROPMIC |U 2.1e-03 2.1e-03 2.1le-03moles microbial U per moles jeonstant 23
dissolved U
PROPMIC  |Np 1.2e+01 1.2¢+01 1.22+0] |moles microbral Np per constant 23
moles dissolved Np
PROPMIC [Pu 3.0e-01 3.0e-01 3.0e-01 moles microbial Pu per constant 23
moles dissolved Pu
PROPMIC 3.6e+00]  3.6e+00!  3.6c+00|moles microbial Amper - |constant 23
jmoies dissolved Am
'CAPMIC Th 1.9e-03 1.9e-03 1.9¢-03{moles total mobile Thper  |constant 57
liter
CAPMIC 3] 2.1e-03 2.1e-03 2.1e-03{moles wotal mobile U per constant 5,7
Heer
CAPMIC Np 2.7e-03 2.7¢-03 2.7¢-03|moles total mobile Npper  [constant 57
Liter
CAPMIC Pu 6.8e-05 6.8e-05 6.8¢-05|moles total mobile Puper  [constant 57
Titer
CAPMIC Arn not not not moles total mobile Am per  {constant . 5,7
currenidy  |currently  jcurrendy  (liter :
available |available |available '
i i N
Notes: | F i l ‘\xv;,.?ﬂ;{.{.-“i M
generali The colloidal actinide source term is added (o the dissplved actinide sourcs term. | |
general;None of the parameters are correlated. | i |
111f 2 distribution 15 pot used for mineral-fragmeni-bound actinides, use the maximim concentration as a
jconstant value, 1 i
2|Proportionality constants may be used with actinide solubility expressed in molarity or molality, depending
|on the desired final units.] ] T
3{Proportionality constants arc to be used with the inorganic actinide solubiiity value (uncomplexed only,
li.e., without organic ligand contribution). | [
4} 2 distributon is not used, use the maximum conceatration 25 a constant value. |
3 The maximum ("cap”) valuss are in units comparable 0 molarity rather than molality.
6|CAPHUM is compared to the concentration of the respective humic-bound actinide element.
7ICAPMIC is compared to the total concentration of the respective actinide eietment in the mobile system (i.e.,
the sum of dissolved pius colioidal actinide). | ] i

Papenguth to Stockman, 18 April 1838, p. 2 of 2
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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 Christine T. Stockman. '
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Sandia National Laboratories

Albugquerque, New Mexico 87185 .
dare: 22 April 1996 3

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

Faws. U, Popeesait

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

subject: Colloidal Actnide Source Term Parameters, Revision 2

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-
fragment-type colloidal particles. The attached Table contains the correct values.

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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MS 1328
MS 1328

MS 1328

MS 1328

MS 1320
MS 1320

MS 1341
MS 1341
MS 1341
MS 1341

MS 1320
MS 1320
MS 1320
MS 1320
MS 1320
MS 1320

MS 1324

MS 1341
MS 1341

MS 1324
DOE/CAO

Hong-Nian Jow, 6741
Amy S. Johnson, 6741
Martin S. Tierney, 6741

Mary-Alena Martell, 6749

E. James Nowak, 6831

R. Vann Bynum, 6831 !

John T. Holmes, 6748 SN
Laurence H. Brush, 6748 e

Robert C. Moore, 6748
W. Graham Yelton, 6748

W. George Perkins, 6748
John W. Kelly, 6748
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Mobile-Colloidal-Actinide Source Term: Concentration/Praportionality Constants; Revision 2

Status

Parameter

{(IDPRAM)

Material
TDMTRL)

Most
Likely
Value

Minimum
Value

Maximum
Value

Units

Distribution
Type

Notes

Irevised

CONCMIN

Th

2.6¢-0%

2.6e-10

T6e 08

moies cojjoidal mineral-
fragment-boend Th per liter
of dispersion

triangular

revised

CONCMIN

2.6e-09

256810

2.6e-08

moles colividal mineral-
fragroent-bound U per liter
of dispersion

wiangular

Tevised

CONCMIN

Np

2.6e-09

2.6e-10

2.6e-08

moles colloidal mineral-
fragmeni-bound Np per liter
of dispersion

riangular

Tevised

CONCMIN

26e-10

2.6e-08

moles colloidal mineral-
fragmeni-bound Pu per liter
of dispersion :

triangular

revised

CONCMIN

2.6e-10

2.6e-08

moles colloidal mineral-
fragment-bound Am per lier
of dispersion

triangular

CONCINT

0.0=4+00

0.0e+00

moles acunide-intrinsic
colloidal Th per liter of
dispersion

constan,

CONCINT

0.0e=00

0.0=+00

(.0500

moles actinide-inmnsic
colloidal U per liter of
dispersion

cogstant -

CONCINT

Np

0.G=+00

0.0e+00

€.0=400

males actimde-intrinsic
colloidal Np par liter of
dispersion .

eonsiant

CONCINT

1.0e-09

1.0=-09

1009

males actinide-intrinsic
colloidal Pu per liter of
dispersion

consiant

Ay

CONCINT

0.0e+00

0.0e+00

0.0e+00

moles actinide-niigsic
colloidal Am per liter of
dispersion

constant

{

PHUMSIM

PHUMORS

15e-0]

1901

actinide (TH) paz moles

_|dissolved actinide (TI1)

moles cofloidal humic-bounditiangular

-4

PHUMSIM

PHUMOX4

6.3e+00

6.3e+00

moles colloidal humic-bound
actinide (IV) per moles
dissolved actinide @V) -

constant

PHUMSIM

PHUMOXS

4.8e-04

9.1e-d

imoles colloidal humie-bonpd
actinide (V) perxoies © -
dissolved actinide (V)

mangular

- [PHUMSIM

PHUMOX6

5.6e-02

“1.2e-01

jmoles colloidal humic-bound

actinide (VI) per moles -, &

riangular

" . |dissolved actinide (V) ™ -

- O F

PHUMCIM

FAUMORS

Lie+00

T5e+00

moles colioidal humic-bound

factinide (TIT) per moles

dissolved actinide (D)

tnangular

734

HUMCIM

PHUMOX4

5 3e300

5370

moles colloidal hutmic-bound)
actinide {TV) per moles
dissolved actinide (TV)

constant

23

PHUMCIM

PHUMOXS

3.9:03

4 3=-04

7.4e-03

moles colloidal humic-bound
actinide (V) par moles
dissolved actinide (V)

targular

234

PHUMCIM

PHUMOXS6

2.8e-01

- 6202

5.1e-01

moles colloidal humic-bound
actinide {VI) per moles
dissolved actinide {VI}

mangular

234

Papenguth to Stockman, 22 April 1995, p. 1 of 2
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Mobile-Collcidal-Actinide Source Term; Concentration/Froportionality Consiants; Bevision 2

T AR TR

Status Parameter | Material Most Minimum | Maximum Units Distribuytion Notes
{(IDPRAM) | IDMTRL)| Likely Value Value Type
Value
CAPHUM Th 1.1e-05 1.1e-05 1.1e-05{moles colloidal humic-bound|constant 5.6
Th per liter of dispersion
CAPHUM U 1.1e-05 1.1e-05 1.1e-05fmoies colloidal humic-bound]constant 5,6
. . U per liter of dispersion ’
CAPHUM Np . 1.1e-05 1.1e05 1.1e-05imoles colloidal humic-bound|constant 5.6
7 ~ |Np per liter of dispersion
CAPHUM Pu_ 1.1e<05 1.1e-05 1.1e-05|moles colloidal hemic-bound|constant 56
: Pu per liter of dispersion
CAPHUM Am 1.1e05 1.1e-05 1.le-05|moles colloidal humic-bound|constant 5.6
. Am per liter of dispersion
PROPMIC |Th 3. 1400 3. le+00 3.1e+00!moles microbial Th per constant 2,3
. . moles dissolved Th
PROPMIC (U ] 2.1e-03 2.1e03 2.1e-03[moles microbial U per moles [constant 23
. ; dissolved U :
PROPMIC Np 12401 1.2e401 1.Ze+01{moles microbral Np per constant 23
moies dissolved Np
PROPMIC  |Pu 3.0e-01 3.0e-01 3.0e-D1 imoles microbial Pu per constant 23
moles dissolved Pu
PROPMIC - 3.6e+00!  3.6e+00|  3.6e+00imoles microbial Am per constant 13
moies dissolved Am
! I ! | | i
CAPMIC Th 1.9e-03 1.9e-03 1.9e-03}moles total mobile Th per  |constant 57
liter
CAPMIC U 23e03] Z.le03]  2ic-03|moles total mobile Uper . |constant 57
- - .. lil:f - .
CAPMIC Np 2.7e-03 2.7e-03 2.7¢-03|moles total mobile Np per  |constanz 57
Liter
CAPMIC Pu 6.8c-05]  6.8¢-05|  6.8e-05|moles total mobile Puper  |constant 57
liter
CAPMIC Am not not not moies 1otal mobile Am per | constant 57
currently (currently  [currently  [liter .
) available javailable |available =
i | | i !
|Notes i | ] ! : . ]
| general | The colloidal aconide sourcs torm is added to the dissolved actinide source term,
| general INone of the parameters are correlated. | |
| 1]If a distmbution is not used for mineral-fragment-bound actinides, use the maximim concenmation a< &
CORSTADL value. i | } | !
Z|Proportionality constants may be used with actinide solubility expressed in molarity or molality, depeoding
on the desired final units. | | [
3 Pmpomonahty constants are 1o be used with the inorganic actinide solubility value {uncomplexed only.
1., without organic ligand conmribution). {
4|If a distribution is not used, use the maximum concentration as 2 constant value. i
5[The maximum {"cap”) valves arc in units comparable 10 molarity rather than molaiity. | s
6{CAPHUM is compared 10 the concentration of the respective humic-bound actinide element. | |
TICAPMIC s compared to the total concentration of the respective actinide clame:m in the mobile sysﬂ@ (1 e,
the sum of dissolved plus colloidal actinide). I

Papenguth to Stockman, 22 April 1956, p. 2 of 2
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Parameter Record Package for Colloidal Actinide Source Term Parameters

Attached is the Parameter Record Packagé for the WIPP 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 particie types.
The complete set of Packages consists of the following:

[ WPO# | Parameter Record Package Name

35850 | Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids
35852 | Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids
35855 | Mobile-Colloidal-Actinide Source Term. 3. Humic Substances

35856 | Mobile-Colloidal-Actinide Source Term. 4. Microbes

copy with Attachments to:
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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 WIPP Data Entry Form and for use in WIPP
Performance Assessment (PA) calculations.

,!—(

I
III.
v

Parameter No. (id): Not applicable.
Dara/Parameter: Not applicable.
Parameter id (idpram): PROPHUM, PHUMCIM, PHUMSIM, and CAPHUM.

Material: Humic substances, which include fulvic acid, aliphatic humic acid, and aromatic
humic acid, and the actinides Th, U, Np, Pu, and Am.

Material Identification (idmtri): Th, U, Np, Pu, and Am (for PROPHUM and CAPHUM};
PHUMOX3, PHUMOX4, PHUMOXS, and PHUMOX6 (for PHUMCIM and PHUMSIM).

Units: For proportionality constants (PROPHUM, 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 humic colloids
(CAPHUM), the units are "moles colloidal humic-bound actinide per liter of dispersion.”

Distribution Informartion.

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 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 PHUMOXS6. -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 tnangular distributions, the
apices of the triangle are defined by the muumum value the most likely value, and

the maximum value; refer to Anachments). R

Median: Not apphcable.

Standard Deviation: Not applicable.

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

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

Q @ m o 0

Number of data points: Not applicable.

Parameter Record Package: WPO#35855 page 1



VIO. Data Collection and Interpretation Information.

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

B. Data Collection (for 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.

Assumptions Made During Testing: See Attachment A.
Standard Error of Measurement of Tests Performed: See Attachment A.

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 binding density was reported in

units of milliequivalents of OH- per gram of humic substance.
References Related to Data Collection: See Attachment A.
QA Status of Dara:

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 FSU, CSM, and at SNL (see VIIL,B,1 above for
contract numbers), under File code WBS 1.1,10.2.1.

c.  Were the data the subject of audit/surveillance by SNL or DOE? Yes.
Florida State University (contract number AH-5590) was audited by SNL
{94-03 and EAS5-02) 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 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 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. Interpretation of Data.

I.

Was the interpretation made by reference to previous work. No.

Parameter Record Package: WPO#35855 page 2
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2. Was the interpretation made by using newly performed calculations? Yes.
3.  Form of Interpreted Data. List of interpreted values.-
Assumptions Made During Interpretation. See Attachment A.

Name of Code(s)/Software used to Interpret Data: Not applicable.

o ok

QA Status of Code(s) used to Interpret Data: Not applicable. e o
a.  Was the code qualified under QAP 19-17 Not applicable.

b.  Was the code qualified under QAP 9-1? Not applicable.

7. References Related ro Data Interpretation: See X1 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
9-57 Yes.

IX. 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 Performance Assessment (PA): None.
X1. 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, HW., and Behl, Y.K,, 1996, Test Plan for Evaluation of Colleid-Facilitated
Actinide Transport at the Waste Isolation Pilot Plant, SNL Test Plan TP 96-01.

XTI, Artachments:

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
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.

Parameter Record Package: WPO#35855 page 3



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 Memorandurm dated 22 April 1996 to
Christine T. Stockman.

XMI. Distribution
SWCF-A:WPO# 35855: Mobile-Colloidal Actinide Source Term. 3. Humic

Substances.
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 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 susperded 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
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
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:

idpram: PROPHUM proportionality constant for-concentration of actinides associated
' - with mobile humic colloids; - : : L
- PHUMCIM :: proportionality constant for concentration.of actinides associated
- with mobile humic colloids, in €astile brine, actinide;solubilities are
inorganic only (no man-made ligands), brine is in equilibrium with
Mg-bearing minerals (brucite and magnesite); ‘
PHUMSIM proportionality constant for concentration of actimides associated
' with mobile humic colloids, in Salado 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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CAPHUM  maximum {cap) concentration of actinide associated with mobile
humic colloids.

idmitrl: Th thorium [i.e., Th(IV)];
U uranium [i.e., U(IV) and U(VD];
Np neptunium fi.e., Np(IV) and Np(V)];
Pu plutonium [i.e., Pu(IIl) and Pu(IV)};
Am americium [i.e., Am(II)];

PHUMOX3 proportionality constant for concentration of actinides associated
with mobile humic substances, for actinide elements with oxidation
state 3 [i.e., Pu(IlI) and Am(Iil}];

PHUMOX4 proportionality constant for concentration of actinides associated
with mobile humic substances, for actinide elements with oxidation
state 4 [i.e., Th(IV), U(IV), Np(IV), and Pu(IV)];

PHUMOXS proportionality constant for concentration of actinides associated
with mobile humic substances, for actinide elements with oxidation
state 5 {i.e., Np(V)]; and

PHUMOX6 proportionality constant for concentration of actinides associated
with mobile humic substances, for actinide elements with oxidation
state 6 [i.e., U(VI)].

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 fulvic 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 hurmic acids. The dominant functional group which may react with dissolved
actinides are carboxyl groups, but phenolic hydroxyl and alcobolic hydroxyl groups also
contribute to complexation. At the WIPP, humic 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
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 Siegel (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.

Experimental I

In general, humic substances encompass a broad variety of high-molecular-weight orgﬁc
compounds. The range of their chemical behaviors, however, is covered by consideration of
three types: aliphatic humic acid (generally terrestrial); aromatic humic acid (generally marine);
and fuivic 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;

HA4-LBr: aliphatic humic acid isolated from sediments collected from Lake
Bradford, Florida, prepared by Florida State University;

HA 4-Ald: aliphatic humic acid purchased from Aldrich Chemical Co., purified by
Florida State University; '

HA;Gor: aromatic humic acid isolated from groundwaters near Gorleben, Germany,
obtained from Professor J-L Kim, Instimt fiir Radiochemie, Miinchen; and

HAg-Suw:  aromatic humic acid isolated from the Suwannee River purchased from the
Intemational Humic Substanccs Soc1ety, Golden, Colorado.

Solubilities of humic substances were measured at SNL (Hans W. Papenguth and cow'prkers) 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 UVlVisible light
spectrophotometer, in WIPP-relevant brine simulants with FA-Suw, HAal-LBr HAal-Ald and
HAa-Suw. In addition to spectroscopic data, visible inspection proved valuable. Im 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 Na* 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 mM each (representative of natural WIPP brines)
to 500 mM each (representative of CaO or MgO backfill scenarios). At SNL, solubilities
between approximately 1.5 mg/L and 2.0 mg/L were observed in systems containing 10 mM or
greater Ca?+ and Mg2+. For the calculations described below, the higher solubility value of 2.0
mg/L was used.

At the CSM, three humic substances (FA-Suw, HA-LBr, and HA,-Suw) were labeled with 14C
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
humic substances (HA,-LBr and HA 5;;-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~/g. For the calculations described below, we used
values of 4.65, 5.38, and 5.56 meq OH-/g for aliphatic humic acid, aromatic humic acid, and
fulvic acid, respectively. The aliphatic humic acid value was determined from HA,-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 Am(IIT) and U(VI) binding on three humic substances (FA-
Suw, HA,-LBr, and HA,~Gor) were measured at Florida State University (FSU; contract
number AH-5590; Greg R. Choppin, FSU PI). Complexation measurements were made at
measured pHops 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 molal. Those experiments were completed prior to the WIPP Project
establishing the position that MgO backfill would be emplaced to scrub CO; and fix 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):

An + HS < AnHS; .bl;m=$ﬂ%] 0
An(HS
An + 2(HS) <> An(HS); b:An = Eﬂl@ﬁ%]]f 2
where:
HS = humic substance (eq OH-/L, i.e., site-binding capacity incorporated)

An = actinide element
bi.an = first stability constant, for 1:1 An:humic binding
ba:an = second stability constant, for 1:2 An:humic binding

For the calculations described below, complexation constants were selected from the most
relevant experimental conditions, which were pHops 6 and 6 molal NaCl. The following stability
constants reported by FSU were used (reported as log values):

humic substance | Am3+; by Am3t; by U(VI)O?; bi U(VI)O§+; by
HA.-LBr 6.09+0.05 10.4610.12 5.91%0.16 10.4340.19
HA,Gor 16.0240.04 10.4140.10 5.3540.15 8.98+0.26
FA-Suw 4.640.3 8.95+0.45 not measured not measured

The FSU results _shbﬁv; that there is little difference 1n Am(II[) uz’md‘U(VI);O? hp;algqby lélipha'tic
and aromatic humic acids, but that uptake by fulvic 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 stability constants for other actinide
elements experimentally determined at lower ionic strengths and for other humic substances. On
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we have used the Am(IIT) 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(IV) will be markedly less, because the dominant

Th(IV)-bearing agueous species will be Th(OH)g (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(IV) in sea water. From that work, a ratio of dissolved
versus colloidal Th(IV) 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 mg/L). 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)OE 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 Np(V) 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 caiculations 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 should result in reduced complexation of Pu(TV).

We also used an oxidation state analogy to develop parameter values for elements expected to
have multiple oxidation states in the WIPP 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 will be present: -Th(IV); UQV)
and U(VI); Np(IV) and Np(V); Pu(IIl) and Pu(IV); and Am(IIT).. 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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required binding constant | substitute source of data
Th{IV) Th{IV) Baskaran et al. (1992)
Uv) Th(IV) Baskaran et al. (1992)
UV UV WIPP-specific data, FSU
Np(IV) Th(IV) Baskaran et al. (1992) . ‘
Np(V) | Np(V) Kim and Sekine (1991) [ ﬁg 5
Pu(II Am(1I WIPP-specific data, FSU 3 ff/
Pu(IV) | Th(IV) Baskaran et al. (1992)

| Am(IID | Am(IID) | WIPP-specific data, FSU

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 backfill, -
stability constants for Ca2* and Mg?* were used in simultaneously 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 0.1m NaClQy4 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 strength solutions over a pH range of 3.5 to 5.0 for
fulvic acid. For Mg2+, Schnitzer and Skinner (1966) reported log stability constants ranging
from 1.23 to approximately 2.0 under the same experimental conditions. For our calculations,
we used 2 log stability constant of 2.0 for the sum of CaZ+ and Mg+ concentrations, which we
believe is a conservative value.

Binding of Ca2* and Mg?* to humic substances is described in the same way as equation (1)
above: - S '

[kCa—i—Mg)HS]

(Ca+Mg) + HS > CaM@HS;  bicaMs = [CarMg] (8] 3
where: ) o l N Lt ' UL R “'_! ‘:5':7‘3 R S 6;\?';;‘
bi;caMg = first stability constant, for 1:1 (Ca+Mg):humic binding (note that no

second stability constants exists for divalent cation binding) .- .
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Interpretation of Experimental and Literature Results

Proportionality constants (PROPHUM, PHUMCIM, and PHUMSIM) 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:

[HStod = [AnHS] + [(CaMg)HS] + [HS] 4

where: _
[HStot] = total concentration of humic substance
[HS] = concentration of uncomplexed humic substance
[AnHS] = 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:

[AnHS] = by;Aq [An] [HS] )

[(CaMg)HS] = by;camg {Ca+Mg] [HS] (6)
Substituting equations (3) and (6) into equation (4) results in:

ﬁistgﬂ =b1;an [An] [HS] + bl;Ca,Mg [Ca+Mg] [HS] + [HS] )
Remanéiné equatioﬁ @)) prc:)v-ides: | - |

_ (8510
(B = 5 TART +b1,cavg [Ca¥Mg] 7 1 ®
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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 brucite plus magnesite, or
portlandite plus calcite) buffering the system. On the basis of those scenarios, Siegel (1996)
provided solubility parameters for the following eight brine compositions:

idpram brine invariant point organic complexants
SOLSIM Salado Mg(OH)2-MgC0O3-CO; absent

SOLSIC Salado Ca(OH)»-CaCO3-COy absent

SOLCIM Castile Mg(OH)>-MgCQO3-CO2 absent

SOLCIC Castile Ca(OH)»-CaC03-CO» absent

SOLSOM Salado Mg(OH)»-MgC0O3-CO» present

SQLSOC Salado Ca(OH)»-CaC03-CO2 present

SOLCOM Castile Mg(OH)>-MgCO3-CO2 present

SOLCOC Castile Ca(OH)»-CaC03-CO- present

In determining the concentration of humic-bound actinides, we assurne 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 demonpstrate 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 ITI, IV, V, and VI in those brines were provided by Slegel (1996)
(solubility values are listed in molality):
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IDPRAM: IDMTRL.: IDMTRL.: IDMTRL: IDMTRL:
SOLMOD3 SOLMOD4 SOLMODS SOLMOD6

SOLSIM 4.4e-6 5.0e-6 2.6e-6 1.0e-5

SOLCIM 4.1e-7 6.8e-9 2.5e-6 1.0e-5

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).

Calculations are summarized in three tables. Tables 1a and 1b are calculations using equations
(5), (6), and (8) to determine humic-bound actinide concentrations ([AnHS]) for one or more
humic substance type for Am(II), Th({IV), Np(V), and U(VI). In Tables 2a through 2f, results of
Tables 1a and 1b are transferred to facilitate summing humic-bound actinide concentrations for
actinide elements with muitiple oxidation species. The oxidation state analogy is most heavily
drawn on for plutonium, because stability constants for Pu(III) 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 vranium (i.e., III 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 2 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. - '

The PROPHUM idpram, used in conjunction with idmtrls Th, U, Np, Pu, or U, is designed to be
used to calculate actinide-humic concentration by element. The PHUMCIM and PHUMSIM
idpram's, ‘used in conjunction with .idmtrls PHUMOX3, PHUMOX4, PHUMOXS, or
PHUMOXS, 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 E1 scenario under "reducing conditions” in the WIPP repository, PHUMCIM
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would be used with the following idmitrls 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 Jimit concentration of humic
substances of 2.0 mg/L, and the highest site-binding capacity (for fulvic acids) of 5.56
meq OH-/g, the theoretical maximum is 1.1 x 10-3 eg/L (refer to Tables 1a 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, 1.1e-5) )]

Summary . 40

Interpreted values for PROPHUM, PHUMCIM, PHUMSIM, and CAPHUM are summérizc;.l;“m
Attachments C, E, and F.
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Table 1a. Complexation of actinides with humic substances in Castile brine in the presence of magnesium oxide backfill.

pH Am{liy Th{lv) Np{V} U(vi} Mg+Ca
Dissolved Actinide
Conceniration (motaliiy} B8.24 4.12E-07 8.78E-09 2.53E-08 1.00E-05 5.76E-02
Aclinide Type of humle humic substance humic substance humic subsiance Bran B :pagCad [HS] rea [An-HS] [(MgCa)-HS]  Check sum:
Substance 'I."' ' ; total amount meq OHY/g tolal capacity melality molality molality  humic substance
’ maiL aglt tolal cap. eg/L
Am(lin Suwannee River Fulvic Ackd 2 5.56 1.11E-05 3.08E+04 1.00E+02 1.64E-08 2.69E-08 9.45E-06 1.11E-05
Lake Bradiord Humic Acid 2 4.85 9.30E.08 1.23E+06 1,00E+02 1.28E-08 6.49E-07 7.97E-06 9.00E-08
Gorlsben Humic Acld - 2 5.38 1.0BE-05 1.05E+068 1.00E+02 1.50E-08 6.45E-07 8.62E-06 1.08E-05
Th{l¥) Constant rallo of humlc bound actinlde conc. to dissolved actinlde conc. of 6,34 used in all calcutations,
Np(V) Lake Bradford Humlc Acid 2 4.65 9.30E-068 3.186E402 1.00E+02 1.38E-08 1.10E-08 7.92E-08 8.30E-06
Gorfeben Humic Acld 2 5.38 1.08E-05 4,68E403 1.00E+02 1.60E-08 1.88E-08 9.17E-08 1.08E-05
U{vt) Suwannhes River Fulvic Acid ‘2 5.68 1.11E-05 3.08E+04 1.00E+02 1.55E-08 6.18E-07 8.95E-06 1.11E-05
Lake Bradford Humic Acld 2 4.85 9.30E-06 8.13E+08 1.00E+02 8.25E-07 5.08E-06 3.80E-086 9.30E-06
Gorleben Humic Acld 1.08E-06 2.24E+05 1.00E+02 1.20E-06 2,68E-06 8.89E-06 1.08E-06

2 o 5.38




Table 1b. Complexation of actinides with humic substances in Salado brine in the presence of magnesium oxide backfill.

Nptv)

i Am{iity Thitvy LV Mg+Ca
Dissolved Actinide
Concentratlon_{moiality) 8,89 4.39E-08 4.98E-08 2.64FE-08 1.00E-05 5.42E-01
Aglinlds Type of humio humic subslance humlc substance humic subsiance Bran Prmeca [HS] pos [An-HB}  [(MgCa)-HS]  Chack sum:
Substance ' total amount maq OH/g totat capacity molallly molality molality  humic substance
i mglL 8q/t iotal cap. egit
Am(ll) Suwannee River Fulvic Ackd 2 5.56 1.11E-05 3.96E+04 1.00E+02 2.01E-07 3.51E-08 1.09E-05 1.11E-D5
Lake Bradford Humlc Ackd 2 4.65 9.30E-08 1.23E+08 1,00E+02 1.53E-07 8.29E-07 8.32E-08 9.30E-06
Gotteban Humic Acld 2 5.38 1.08E-05 t.05E+08 1.00E+02 1.60E-07 8.27€-07 9.75E-06 1.08E-05
Th{lV) Constant ratio of humle bound actinlde conc. 1o dissolved adlinide conc. of 8.34 used In all calculations.
Np(Y) Lake Bradlord Humic Acid 2 4.65 9.30E-08 3.16E+02 1.00E+02 1.68E-Q7 1.41E-10 9.13E-06 8.3CE-08
Gorteban Humic Acd 2 5,38 1.08E-05 4.68E+03 1.00E+02 1.96E-07 2.41E-09 1.06E-05 1.0BE-05
U(vh Suwannea River Fulvic Acld 2 5.56 1.11E-05 3.08E+04 1.00E+02 2.00E-07 7.96E-0B 1.08E-06 1.11E-05
Lake Bradlord Humic Ackd 2 4.65 €.30E-08 813E+05 1.00E+02 1.47E-07 1.18E-08 7.96E-08 9 30E-06
QGorlaben Humic Acid 2 ' 5.38 1.08E-05 2.24E+05 1.00E+02 1.87E-07 4.19E-07 1.02E-05 1.08E-05




Table 2a. Concentration of dissolved and fulvic acid complexed actinide for each oxidation state
in Castile brine in the presence of magnesium oxide backiiil.

Actinide

(i

Oxidation State

(V)

moles fulvic acid bound actinide/
moles dissolved actinide concentration
(V) vy

u
dissolved cancentration
Fulvic-U concentration

Np
dissalved canceniration
Fulvic-Np concentration

Pu
dissolved concernttration
Fulvic-Pu concentration

Am
dissolved concentration
Fulvic-Am concentration

Th
dissolved concentration
Futvic-Th concentration

4.12E-07

-

4.12E-07
2.69E-08

6.78E-09
6.786E-09

§.78E-09

6.78E-09

1.00E-G5
6.18E-07

6.2E-02.

2.53E-06 *

6.5E-02

* no available information




Table 2b. Concentration of dissolved and fulvic acid complexed actinide for each oxidation state
in Salade brine in the presence of magnesium oxide backfill.

Actinide

(i

Oxidation State

{v)

)] v

mole fulvic acid bound actinide/
mole dissoilved actinide concentration

u
dissolved concentration
Fulvic-U concentration

Np
dissolved concentration
Futvic-Np concentration

Pu
dissolved concentration
Fulvic-Pu concentration

Am
dissoived concentration
Fulvic-Am concentration

Th
dissolved concentration
Fuivic-Th concentration

4.39E-06

4 39E-06
3.51E-08

4.98E-06

4.98E-06

4.98E-08

4 9BE-06

1.C0E-05
7.96E-08

2.64E-06

8.0E-03.

8.0E-03

* no available information



Table 2c. Concentration of dissoived and Gorleben humic acid (aromatic) complexed actinide for each oxidation state
in Castile brine in the presence of magnesium oxide backfill.

Actinide Cxidation State mole humic acid bound actinide/
mote dissoived aclinide concentration
(HI (V) V) (Vi)
u
dissolved concentration 6.78E-09 1.00E-05 2.7E-01
Humic-U conceritration 4.30E-08 2.68E-06
Np
dissolved concentration 6.73E-09 2.53E-06 2.4E-02
Humic-Np concentration 4.30E-08 1.88E-08
Pu
dissolved concentration 4.12E-07 6.78E-09 1.6E+00
Humic-Pu concentration 6.45E-07 4.30E-08
Am
dissolved concentration 4.12E-07 1.6E+00
Hugmic-Am concentration 6.45E-07
Th
dissolved concentration 6.78E-09 6.3E+00

Humic-Th concentration 4.30E-08




Table 2d. Concentration of dissolved and Gorleben humic acid (aromatic) complexed actinide for each oxidation state
in Salado bring in the presence of magnesium oxide backfill.

Actinide Oxidation State mole humic acid bound actinice/
mole dissclved actinide concentration
[{115] {v) (¥} v
u
dissolved concentration 4 98E-06 1.00E-05 2.1E+00
Humic-U concentration 3.16E-05 4.19E-07
Np
dissolved concentration 4 .98E-086 2.64E-0§ 4.1E+00
Humic-Np concantration J.16E-05 2.41E-09
Pu
dissolved concentration 4.39E-06 4 93E-06 3.5E+00
Humic-Pu concentration 8.27E-07 3.16E-05
Am
dissolved concertration 4 38E-06 1.9E-01
Humilc-Am concantration 8.27E-07
Th
disseclved concentration 4.98E-06 6.3E+00
Humic-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 Stale mole humic ack bound actinide/
mole dissolved actinide concentration
(i vy (V) ¥l
u
dissolved concentration 6.78E-09 1.00E-05 5.1E-01
Humic-U concentration 4.30E-08 5.08E-06
Np
dissolved concentration €.78E-09 2.53E-06 1.7E-02
Humic-Np concentration 4.30E-08 1.10E-09
Pu
dissolved concentraticn 4.12E-07 6.78E-09 1.7E+00
Humic-Pu concantration 6 49E-07 4_30E-08
Am
dissolved concentration 4.12E-07 1.6E+00
Humic-Am concentration 6.49E-07
Th
dissolved concentration 6.78E-09 6.3E+00
Humic-Th concentration 4.30E-08




Table 2f. Concentration of dissolved and Lake Bradford humic acid (aliphatic) complexed actinide for each oxidation state
in Salado brine in the presence of magnesiurm oxide backfill.

Actinide Oxidation State mole humic acid bound actinide/
mole dissoived actinide concentration
{180y vy {V} (V1)
u
dissolved concentration 4.98E-06 1.00E-05 2.2E4+00
Humic-U concentration 3.16E-05 1.15E-06
Np
dissoived concentration 4.98E-08 2.64E-06 4.1E+00
Humic-Np concentration 3.16E-05 1.41E-10 "
Pu
dissolved concentration 4_.39E-06 4.98E-06 3.5E+00
Humic-Pu concentration 8.29E-07 3.16E-05
: . i
dissolved concentration 4.39E-06 1.9€-01
Humic-Am concentration 8.29E-07
Th
dissolved concentration 4.98BE-06 6.3E+00

Humic-Th concentration 3.16E-05




Table 3. Summary of humic substance actinide complexation in Caslile and Salado brines in the presence of magnesium oxide backfill.

Actinide Brine/ Ratio of humic bound aclinlde to dissolved actinlde concentration
Backilll Suwannee River Gorleben Humie Lake Bradford
Fulvic Acld Acid Humic Acid
u Castlie/Mg 8.2E-02 2.7E-01 5.1E-01
Salado/Mg 8.0E-03 2.1E+00 2.2E+00
Pu Casllle/Mg . 1.6E+00 1.7E+00
Salado/Mg * 3.5E+00 3.5E+00
Am Castile/Mg 6.5E-02 1.6E+00 1.6E+00
Salado/Mg 8.0E-03 1.9E-01 . 1.9E-01
Th Castlle/Mg . 6.3E+00 68.3E+00
Salado/Mg ' 6.83E+00 6.3E+00
Np Castlle/Myg * 2.4E-02 1.7E-02
Salado/Mg * 4.1E+400 4.1E+00

* nho avallable Information

,-rw-.



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.




A Sandia National Labaratories

Operated for the U.S. Depanment of Energy by
Sandia Corporation

Abuquergue, New Mexico 87185-

gate: 3/ 29/ 96

«r Hans W. Papenguth

Chrgtns & Shikran,

wome  Chrstine T. Stockman

suvject  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 and/or 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(II) 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 simplifications then we will need the parameters for Am,
Pu, U, Th and Np only.

Suggested narnes 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 maxiraum 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 important of these parameters that have non-constagt distributions.

cc:
Mary-Alena Martell Amy S. Johnson J. T. Schneider
Hong-Nian Jow Martin S. Tiermey  Richard V. Bynum
E. James Nowak W. George Perkins  Ali A. Shinta
James L. Ramsey
SWCF-A:WBS1.2.07.1.1:PDD:QA:GENERAL

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.
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10:

from:

subject:

Sandia National Laboratories

Albuguergque, New Mexica 87185

29 March 1996
Christine T. Stockman, MS-1328 (Org. 6749)

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

Colloidal Actinide Source Term 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:

IDMIRL: Th, U, Np, Pu, Am

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

CONCMIN concentration of actinide associated with mobile mineral
fragment 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 simujated be using
parameter values for americium. The basis for the values suramarized in the attached tabie
is described in the following record packages for WBS 1.1.10.2.1:

WPOs# Parameter Record Package Name

35850 Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids

35852 Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids

35855 Mobile-Colloidal-Actinide Source Termn. 3. Humic Substances

35856 Mobile-Colloidal-Actinide Sonrce Term. 4. Microbes




copy to:

MS 1328
MS 1328
MS 1328

MS 1320

MS 1320 .

MS 1341
MS 134]
MS 1341
MS 1341

MS 1320
MS 1320
MS 1320
MS 1320
MS 1320
MS 1320

MS 1324

MS 1341
MS 1341

MS 1324

Hong-Nian Jow, 6741
Amy S. Johnson, 6741
Martin S. Tiemey, 6741

E. James Nowak, 6831 i/?/

R. Vann 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
Daniel A. Lucero, 6748
Craig F. Novak, 6748
Hans W. Papenguth, 6743
Malcolm D. Siegel, 6748

Sus;m A. Howarth, 61 15

Kurt Q. Larson, 6747
Ruth F. Weiner, 6747

Richard Aguilar, 6851

SWCF-A:WBS1.1.10.2.1



Maobile-Celtoidal-Actinide Source Term—Concentration/Proportionality Constants

Parameter | MMaterial Most | Minimum | Maximmum Units Distribution | Notes
Likely Value Value Type
Value
| ___
CONCMIN |Th 1.3&-09 1.3e-10 1.3e-08|moles colloidal mineral- triangular 1
fragment-bound Th per hter
of dispersion
CONCMIN U 1.3e-09 1.3e-10 1.3e-08|moles colloidal mineral- triangular ]
fragment-bound U per liter
of dispersion
CONCMIN |Np 1.5e-09 1.3e-10 1.3e-08 |moles colloidal mineral- tnangular 1
fragment-bound Np per liter
of dispersion
CONCMIN JPu 1.3e-09 1.3e-10 1.3e-08|moles colloidal mineral- . |mangular i
fragment-bound Pu per liter
of dispersion
CONCMIN {Am 1.3¢-039 1.32-10 1.3=2-08!moles colloidal muneral- tnanguiar 1
fragment-bound Am per liter
of dispersion
CONCINT |Th 0.0e+00 0.0e+00 0.0e+-00|moles actinide-inmnsic constant
colloidal Th per liter of
dispzrsion
CONCINT (U 0.0e+00] 0.02+00]  0.0e+Q0Imoles actnide-intrinsic constant
' colloidat U per liter of
disparsion
CONCINT — Np 00000 0.06:00]  0.0e+00moles actumde-mmimsic  |constant
colloidal Np per liter of -
dxspc:sxon :
CONCINT {Pu 1.0e-09 1.0e09 1.02-09|moles a::umd:—mmnsm constant
colloidal Pu per liter of
dispersion S
CONCINT _|Am 00e+00| 0.0e+00]  0.06+00|moles actinide-Inminsic  [constant i
: colloidal Am per liter of - v
dispersion ‘ ”\.ﬂ
PROPHUM |Th §4e+00! 64eH03] 64e4+00|moles colloidal hurmmec-boond|constant - 23
Th per moles dissolved Th-
PROPHUM (U 14e+00|  1.6e-01|  2.0e+00|moles colloidal humic-bound|miangular 234
S - UpamolwdtssolvedU ; T
" [PROPHUM |Np 4.0e+00]  4.0e+00) 40c+00 moles collmdal hnm:c~bonnd constant . - . 23
S _ R Bt T Np per moles dissolvedNp | . :
PROPHUM [Pz 555700 5.06700] 595700 [maoiss colloidal Famie bouads constant . 73
: - : Pupermolcsdxssolved?u | S _
PROPHUM |Am - 2.5e+00 1.9e01]  3.9e+00|moles colloidal humic-bonndjniangular 2,34
. Am per moles dissolved Amt vi

Papenguth to Stockman, 29 March 1896, Page 1 of 2



Mobile-Colioidal-Actinide Source Term—Concentration/Proportionality Constants

%":
P
v

]
by

e
Parameter | Material Most Minimum | Maximum Units Distribution otes
Likely Value Value Type
Value
CAPHUM Th 1.5e-05 1.5e-05 1.52-05|moles colloidal humic-bound|constant 36
Th per liter of dispersion
CAPHUM U 1.52-05 1.5e-05 1.5e-05Imoles colloidal humic-bound|constant 56
U per liter of dispersion
CAPHUM  [Np 1.5¢-05 1.5e-05 1.5e-05|moles colloidal humic-bound|constant 5,6
Np per liter of dispersion
CAPHUM  [Pu 1.56-05 1.35e-05 1.5e-05|moles colloidal humre-bound|constant T 5,6
Pu per liter of dispersion :
CAPHUM Am 1.5e-05 1.5e-035 152-05|moles coiloidal humrc-bound|constant 56
Am per liter of dispersion -
PROPMIC |{Th 3.1e+00} 3.1e+00| 3.1e+00[moles microbial Th per constant 23
\ moles dissolved Th
PROPMIC |U 2.1e-03 2.1e-03 2.1e-03|moles microbial U per moles |constant 23
dissolved U
PROPMIC  |Np 1.2e+01] 1.2e+01]{ 1.2e+01|moles microbial Np per . constant 23
moles dissolved Np
PROPMIC  jPu I 30e-01]  "3.0e-01 3.0=-0T|moles microbial Pu per constant 23
moles dissolved Pu
PROPMIC  |Am 3.6e+00| 3.6e+00| 3.6e+00!moles microbial Am per constant 2.3
moles dissolved Am
i
CAPMIC Th 1.9¢-03 1.92-03 1.9e-03[moles total mobilé Thper  |constant 5,7
liter
CAPMIC u 2.1e-03 2.1e-03 2.1e-03|moles total mobile U per constant 5,7
_ : liter
CAPMIC Np 2.7e-03 2.7e-03 2.7e-03imoles total mobiie Np per ~ |constant 57
liter
CAPMIC Pu 6.8¢-05 6.8e-05 6.8e-05|moles totzl mobile Puper  iconstant 5,7
liter -
CAPMIC Am not not not moles total mobile Am per [constant ° 5,7
curreatly  |currently |currently  |hter
avaiiable {available |available
Notes:
general | The colloidal actinide source term is added to the dissolved actinide source term.
general|None of the parameters are ‘correlated. i |
1{If a distribotion 15 not used for mineral-fragment-bound actinides, use the maximum conceniranon as a
constant vaiue. 1 1 ] [
2[Proportionality constants may be nsed with actinide solubility expressed in molarity or molahity, depending
on the desired final units,
3|Proportionality constants are to be used with the sum of actinide oxidation S'pecu:s for each actinide element
(uncomplexed only, 1.2, without organic ligand contribution). ] I
4|If a distribution 1s not used for humic-bound U or Am, use the maximum concentration as a constant value.

5|The maximum ("cap”) values are in units comparable to molanty rather than molality.

6|/CAPHUM is compared to the concentration of the respective humic-bound actinide element.

7|CAPMIC 15 compared to the total concentration of the respective actinide element in the mobile system (1.e.

Ithe sum of dissolved plus colloidal actinide).

!

l

Papenguth to Stockman, 29 March 1996, Page 2 of 2




Attachment D:

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




Cate:

fromm:

subjecr

ﬂl Sandia National Laborataries -

Operated for the U.S. Depantment of Energy by
Sandia Comporation

Albuquergue, New Mexico 87185-

4/2/96

Hans W. Papenguth

Christine T. Stockman

Request for any modifications to the colloid parameters for use in NUTS, GRIDFLOW and
direct brine release calculations

YiFeng Wang has revised his recommendation to use 2 tnvariant points in the PA calculation.
He now recommends that we use the Mg(OH), + MgCO; invariant point for all calculations.
If this invalidates the assumptions that you used to prepare colloid concentration or
proportion 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.

ce: )
Mary-Alena Martell
Amy S. Johnson
Hong-Nian Jow
Martin S. Tiemey

J. T. Schueider
Richard V. Bynum
E. James Nowak

- — W. George Perkins

SWCF-A:WBS1.2.07.1.1: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

Albuquarque, New Mexico 87185
date: 18 April 1996

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

Foboa. (9, p“f’“""&"m

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

subject: Colloidal Actinide Source Term Parameters, Revision 1

This memorandum summamzes the revised best eshmates for the mobile colloidal-actinide
source term for input to the WIPP 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 (Stbckman, 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 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 (ie.,
corresponding to new idpram's and idmtrl's) for proportionality 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 affects treatment of actinide elements that will have multiple oxidation
states in the WIPP repository [e.g., UIV) and U(vD; Np(IV) and Np(V) Pu(Iil) and
Pu(IV)]. A second modification in approach, is that I now provide values for two cases:

(1) a Castile brine in equilibrium with brucite and magnesue and (2) a Salado brine in
equilibrium with brucite and magnesite. For humic substances, r.hc fo]lowmg material-
parameter combmanons apply: ' '

IDMTRL:’ PHUMOX3 propomonahty constant for concentrauon of actinides

" associated w1th mobﬂe hu ic substances, for actinide elements
- with oxidation state 3; .

p-1of3



apres .o

F3 P 4y

IDPRAM:

PHUMOX4

PHUMOX5

PHUMOX6

PHUMCIM

PHUMSIM

proportionality constant for concentration of actinides
associated with mobile humic substances, for actinide elements
with oxidation state 4;

proporticnality constant for concentration of actinides
associated with mobile humic substances, for actinide elements
with oxidation state 5; and

proportionality constant for concentration of actinides
associated with mobile humic substances, for actinide elements
with oxidation state 6.

proportionality constant for concentration of actimides
associated with mobile humic colloids, in Castile brine,
actinide solubilities are jnorganic only (no man-made ligands),
brine is in equilibrium with Mg-bearing minerals (brucite and
magnesﬂe)

proportionality constant for concentration of actinides
associated with mobile humic colloids, in Salado brine,
actinide solubilities are inorganic only (no man-made ligands),
brine is in equilibrium with Mg-bearing minerals (brucm: 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(IV)-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 mtroduced to the Culebra.

The basis for the values summoarized in the attached table is descnbcd in the fo]lowmg
record packages for WBS 1.1.10.2.1:

WPO# Parameter Record Package Name

35850 Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids
35852 | Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids
35855 . Mobile-Colloidal-Actinide Source Term. 3. Humic Substances

35856 Mobile-Colloidal-Actinide Source Term. 4. Microbes

p-20of3
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Mobile-Colloidal-Actinide Source Term; Concentration/Proportionality Constants; Revision 1

Status

Parameter

(ADPRAM)

Materia)
(IDMTRL)

Most
Likely
Value

Miniroum
Value

Maximum
Value

Units

Type

Distribution Notes

revised

CONCMIN

Th

2.6e09

2.6e-05

moics colloidal mineral-
fragment-bound Th per liter
of dispersion

tnangular

revised

CONCMIN

2.6e-09

2 6e-09

2.6e-09

moles colioidal mineral-
fragment-bound U per liter
of dispersion

triapguiar

revised

CONCMIN

Np

2.6e-09

2.6e-09

2.6e-09

moles colloidal mineral-
fragment-bound Np per liter
of dispersion

triangular

revised

]ﬁNCMI_N

2.6c-09

2.6e-09

2.6e-09

moles colloidal mineral-
fragment-bound Pu per liter
of dispersion

triangular

revised

CONCMIN

2.6e-09

2.6e-05

26605

|moles colloidal mineral-

fragment-bound Am per liter
of dispersion

mianguiar

CONCINT

0.0e+00

0.0e+00

0.0e+00

moles actimde-intrinsic
coiloidal Th per liter of
dispersion

constant

CONCINT

0.0e+00

0.0e+00

|
0.0e+00|moles actimde-intrinsic

colloidal U per liter of
dispersion

consrant

CONCINT

Np

0.0e+00

0.0e+00

0.0e+00

moles actimde-intringsic
colloidal Np per liter of
dispersion

constant

CONCINT

1.0e-09

1.0e-09

moles actunide-mirinsic
colloidal Pu per liter of
dispersion

CONCINT

0.0e+00

0.0e+00

0.0e+00

‘moles actinige-intrinsic
colloidal Am per Jiter of
dispersion

constant

revised (new)

PHUMSIM

PHUMOX3

1.3e-01

8.0e-03

1.5¢-01

moles dolioidal humic-bound;
actinide (IIT) per moles
dissolved actinide (TIT}

triangular

revised {new)

PHUMSIM

PHUMOX4

T 63e+00

- 63e+00

635400

actinide (IV) per moles _

* |dissolved actinide (IV) ™

moles collotdai bumic-bound

constant

revised (pew)

PHUMSIM

PHUMOXS

4.5e-04

5305

9.1e-04

moles collaidal humic-bound
actinide (V) permoles
dissolved actinide (V) .~ °

rangular

revlscd (gew)}

HUMSIM

PHUMOXE |

5.6e-02

8.0e-03

1201

o

moles colloidal humic-bound
actinide (VI) permoles. - *

triangular

isotved actmde (VD=

R s R TR St

revised (new)

PHUMCIM

PHUMOX3

'1.Ic+00

6302

1600

actinide (IIT) per moles
dissolveqd actimide {IT}

mmoles colloidal hamic-bound!

friangular

revised (oew)

PHUMCIM

PHUMOCX4

6.3e+00

63e+00

6.3e+00

moles colloidal bumic-bound
actinide (IV) per moles
dissolved actinide (V)

constant

revised (new)

PHUMCIM

PHUMOXS
i

3.8e-03

4.3e-04

7 4e-03

moles colloidal hurnic-bound
actinide (V) per moles
dissolved actinide (V)

tangular

revised (new)

PHUMCIM

PHUMOXG |

2.8e-01

6.2e-02

5.1e-01

moles colloidal humic-bound
actinide (VI) per moles
dissolved actinide (VI)

iangular
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Mobile-Colloidal-actinide Source Term; Concentration/Proportionality Constants; Revision 1

Status Parameter | Material Most | Mipimum | Maximurh Units Distribution Notes
(IDPRAM) | ADMTRL)| Likely Value Yalue Type
Value
revised CAPHUM Th 1.1e-05 }.1e-05 1.1e-05|moles colloidal humic-bound|constant 5,6
Th per liter of dispersion
revised CAPHUM U 1.1e-05 1.1e-05 1.1e-05motes collordal humic-bound|constant
U per liter of dispersion
revised CAPHUM  |Np 1.1e05 1.1e05 1.1e-05|moies colloidal humic-bound|constant
Np per liter of dispersion
rovised CAPHUM Pu 1.1e-05 1.1e-05 1.1e-05!moles colloidal hunuc-bound|constant
Pu per liter of dispersion
revised _ |CAPHUM Am 1.1e-05 1.1e-05 1.ie-05imoles colloidal humic-bound|constant
J A per liter of dispersion
|
PROPMIC  [Th 3le+00)  3.le+00)  3.1e+Q{moles microbial Th per constant 23
- |moles dissolved Th
PROPMIC |U 2.1e-G3 2.1e-03 2.1e-03{moles microbial U per moles|constant 2,3
dissolved U
PROPMIC  Np 1.2e+01]  1.2e+H01 1.2e+0] |moles microbial Np per constant 23
motes dissolved Np
PROPMIC [Pu 3.0e-01 3.0e-01 3.0e-01 |moles microbial Pu per constant 2,3
moles dissoived Pu
PROPMIC .Am 3.6e+00] 3.6e+00| 3.6e+00|moles microbial Am per constant 23
moles dissolved Am
? [
i
CAPMIC Th 1503 1.9¢-03 1.9¢-03|moles total mobile Thper  {constant 5.7
liter
__LCAPMIC U 2.1e03 2.1e-03 2.1e-03|moles total mobiie U per constant 5,7
: liter
CAPMIC Np 2.7e-03 2.7e-03 2.7e-03|moles total mobile Np per |constant 57
liter
CAPMIC Pu 6.8¢-05 6.8¢-05 6.8¢-05moles total mobile Puper  jcoastant 5,7
liter
CAPMIC Am ot not not moles tota] mobile Am per  jconstant 5.7
currectly |currently  jcwrently  iliter
avajlable [availabie [available
Noies:
general | The calloidal actinide source term s added o the dissolved actinide source term.
gencral|None of the parameters are correlated. ] 1
1|If a diszribntion is not used for mineral-fragment-bound actinides, use the maximwmn concentration as a
|constant value, 1 | 1 ] T
2|Proportionality constants may be used with actinide solubility expressed in molanty or molality, depending
on the desired final units. | 1
3{Proportionality constants are to be nsed with the inorganic actinide solubility value {uncomplexed oaly,
li.e., without organic ligand confribution). 1
4|If a distribution is not used, use the maximum concentrafion as a constant value.
5|The maximum ("cap”) values are ip units comparable to molarity rather than molality.
6|CAPHUM is compared to the concenration of the respective humic-bound actinide element. -
TICAPMIC is compared 1o the total conceawation of the respective actinide eiement in the mobile system (Le.,
the sum of dissolved plus colloidal actnide). ] T T
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Sandia National Laboratories

Albuguergue, New Mexico 87185

22 April 1996
Christine T. Stockman, MS-1328 (Org. 6745)

Fus U, Pparseitt

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

Colloidal Actinide Source Ternmn Parameters, Revision 2

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-
fragment-type colloidal particles. The attached Table contains the correct values.

References . oo

Papenguth, HW., 1996, Colloidal Actinide Source Term Parameters, Revision 1. SNL
technical memorandum dated 18 April 1996 to Christine T. Stockman.
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Mobile-Colioidal-Actinide Source Term; Concentration/Proportionality Constants: Revision 2

Status

‘Parameter

(IDPRAM)

Material
(IDMTRL)

Most
Likely
Value

Minimum
Value

Maximum
Value

Units

Distribution
Type

Notes

i

revised

CONCMIN

Th

2.6e-09

2.6e-10

2.6e-08

moles colloidal mineral-
fragment-bound Th per lier
of dispersion

triangular

revised

CONCMIN

Z.6e-09

2.6e-10

26208

moles colloidat mineral-
fragment-bound U per liter
of dispersion

trianguiar

revised

CONCMIN

2.6e-09

26e-10

2.6¢-08

moles colloidal mineral-
fragment-bound Np per liter
of dispersion

triangular

revised

CONCMIN

2.6e-09

2.6e-10

2.6e-08

moles colloidal mineral-
fragment-bound Pu per liter
of dispersion :

triangular

revised

CONCMIN

2.6e-09

2.6e-10

2.5e-08

moles colloidal mineral-
fragment-bound Am per liter
of dispersion

triangular

CONCINT

0.0e+00

0.0c+00

0.0e+00

moles actinide-intrinsic
colloidal Th per liter of
dispersion

constant

CONCINT

!

0.0e+00

0.0e+00

0.0e+00

moles actinide-mntrinsic
colloidal U per liter of
dispersion

constant -

CONCINT

Np

0.0e+00

0.0e+00

0.0e+00:moles actinide-intrinsic

colloidal Np per liter of
I ion

constant

CONCINT

1.0e-09

1.0e-09

1.0e-09

males actinide-intninsic
colloidal Pu per liter of
dispersion

copstant

CONCINT

0.0e+00

0.0e+00

0.0e-+00  moles actimde-intrinsic

colloidal Am per liter of
dispersion

copstant

PHUMSIM

PHUMOX3

13e-01

8.0e-03

1.5e-01

moles colloidal bumic-bound
actinide (III) per moles
dissolved actinide (TII)

triangular

234

PHUMSIM

PHUMOX4

63¢+00

6.3c+00

0.3e+00

moles colioidal humic-bound
lactinide (TV) per moles
dissolved actinide IV)

constant

23

PHUMSIM

PHUMOXS

4.8e-04

5.3e-05

9.1e-04 |moles colloidal humic-bound

actinide (V) per moles
dissolved actinide (V)

rangular

PHRUMSIM

PHUMOXS

5.6e02

8.0e-03

“1.2:01

moles colioidal umic-bound|
actinjde (VI) per moles
dissolved actinide (VT)

mnangular

PHUMCIM

PHUMOX3

1.1e+00

6.5e-02

Lée+l0

moles coliojdal humic;bound
actinide (T} per moles
dissolved actinide (IIT)

trianguiar

PHUMCIM

HUMOX4

830400

6.3e+00

6.3¢+00

moles colloidal humic-bound
actinide: (TV) per moles
dissolved actinide V)

constant

23

PHUMCIM

PHUMOXS

3.9¢-03

4304

~ T4e03

moies colloidal humic-bound
actinide (V) per moles
dissolved actinide (V)

trianguiar

234

PHUMCIM

PHUMOX6

2 8e-01

- 0202

a.le-01

moles colloidal humic-bound
actinide (VT) per moles
dissolved actinide (VD)

triangular

23,4
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Mobile-Colloidal-Actinide Source Term; Concentration/Proportionality Constants; Revision 2

Status Parameter | Material Most Minimum | Maximum Units Distribution Notes
(IDPRAM) | JDMTRL) | Likely Value Value Type
Valye
41CAPH UM Th 1.1e-05 1.1e05 1.1e-05 moles colioidal humic-bound|constant 56
Th per liter of dispersion
CAPHUM U 1.1e-05 1.1e-05 1.1e-05¢moles colioidal humic-bound|constant 3,6
U per liter of dispersion
CAPHUM  [Np I.le05 1.1e-05 1.1e-05{maies colloidal humic-bound|constant 56
~ {Np per liter of dispersion
CAPHUM Pu 1.1e-0% I.1e-05 1.1e-05|moles collcidal humic-bound|constant 5,6
Pu pcr liter of dispersion
CAPHUM  [Am i.1e-05 1.1e-05 1. Ic-O_lmolcs colloidal humic-bound|constant 3,6
; Am per liter of dispersion
i |
PROPMIC Th 3.1e+00 3.1e+00 3.1e+00{moles microbial Th per constant 23
moles dissolved Th
PROPMIC [§] 2.1e-03 2.1e03 2.]e-03}moles microbial U per moles |constant 23
dissalved U
PROPMIC  |Np 1.2e+01 1.2e+01 1.2e+01{moles microbial Np per constant 23
moles dissolved Np
PROPMIC Pu 3.0e-01 3.0e01 30e-0Limoles microbial Pu per constant 23
moles dissolved Po '
PROPMIC Am - 3.0e+007  3.6e400)  3.6e+00imoles microbial Am per iconstant 23
moles dissolved Am r
j |
CAPMIC Th 19e-03 1.9e-03 1.9¢-03}moles total mobile Thper jconstant 5.7
liter
CAPMIC U 21e-03F  2.1e-03|  2le-U3jmoies otal mobile Uper  |constant 57
liter -
CAPMIC Np 2.7e-03 2.7¢-03 2.7¢-03!moles total mobile Np per  [constant 3.7
liter
CAPMIC Pu 6.82-05 6.8e-05 6.8¢-05 moles total mobjie Puper  |constant 3.7
liter
CAPMIC Am nat not not moles total mobile Am per |constant 5
currently |currently (curendy  [liter _
‘ L available |(available |availzble
l | I
Notes: |
general | The colloidal actinide source term is added to the dissolved actinide source term.
general|None of the parameters are correlated. | i
1|If a distribution is not used for mineral-fragment-bound actinides, use the maximum concentration as a
constant value. | | T
2|Proportionality constants may be used with actinide solubility expressed in molanity or molality, depending
on the desired final units. | i | T
3|Proportionality constants ate to be used with the inorganic actinide solubility value {uncomplexed only.
Le., without orgame ligand contribution), )
4]If a distibution is not used, use the maximum concegtration as 2 constant valge,
5{The maximum ("cap®) valves are in units comparable to molarity rather than molality.
S{CAPHUM is compared 1o the concentration of the respective humic-bound actimde element.
7|CAPMIC is compared to the total concentration of the respective actinide clemcnt in the mobile system (i.e.,
the sum of dissolved plus colioidal actinide). | ] i
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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 mineral fragment type colleids. 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:

WPO# Parameter Record Package Name

35850 Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids

35852 Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids

35855 Mobile-Coloidal-Actinide Source Term. 3. Humic Substances

35856 Mohbile-CoHoidal-Actinide Source Term. 4. Microbes
copy with Attachments to:
MS 1320 Hans W. Papenguth, 6748 ‘
MS 1320 W. George Perkins, 6748 T
MS 1324 Richard Aguilar, 6851 9

DOE/CAO Robert A. Stroud

copy without Attachments to: ;
MS 1320 E. James Nowak, 6831

MS 1324 Susan A. Howarth, 6115

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 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 (WIPP) Colloid Research
Program, Hans W. Papenguth, for input to the WIPP Data Entry Form and for use in WIPP
Performance Assessment (PA) calculations.

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

II. Data/Parameter: Not applicable.

I0. Parameter id (idpram): CONCMIN.

IVv. idg:‘erz’al: Mineral fragment type colloidal particles and the actinides Th, U, Np, Pu, and
V. Material Identification (idmtri): Th, U, Np, Pu, and Am.

VI. Units: For CONCMIN, the units are "moles colloidal mineral-fragment-bound actinide per _

liter of dispersion.”
VIIL. 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.

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).

w

Median: Not applicable.

Standard Deviation: Not applicable. 7
Maximum: See AttachmentsAA, C, Ez and F o
Minimum: See Attachments A, C, E, and F.

@ m @ g O

Number of data points: Not applicable.
VII. Data Collection and Interpretation Information.
A. Data Source Information: WIPP observational data and literature.

B. Data Collection (for WIPP observational data).

Parameter Record Package: WPO#35850 page 1



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 qual};ﬁed by QAP 20-3? No. Data packages will be submitted
for work conducted, under File code WBS 1.1.10.2.1. .

¢.  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 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 will be archived in the Sandia
WIPP Central Files (SWCF; File code WBS 1.1.10.2.1).

C. Interpretation of Data.

1.

2
3
4.
5
6

Was the interpretation made by reference to previous work. No.

Was the interpretation made by using newly performed calculations? Yes.
Form of Interpreted Data. List of interpreted values.

Assumptions Made During Interpretation. See Attachment A.

Name of Code(s)/Software used to Interpret Data: Not applicable.

QA Status of Code(s) used to Interpret Data: Not applicable.

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

b.  Was the code qualified under QAP 9-1? Not applicable.

References Related to Data Interpretation: See X1 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

Parameter Record Package: WPO#35850 page 2



. 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 foilow requirements of QAP
9-5?7 Yes.

IX. 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.

P

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

XI. References cited above:

e

: Behl, Y.X., 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, HW., 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.

XII. Artachments:

Attachment A: Papenguth, Hans W., and Aguilar, Richard, 1996, Rationale for

‘Attachment B:

Attachment C:

Attachment D:

Attachment E:

Attachment F:

XII. Distribution

Definition of Parameter Values for Mineral Fragment Type Colloidal
Particles.

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. Co

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

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

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

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

SWCF-A:WPO# 35850: Mobile-Colloidal Actinide Source Term. 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 ' : _f’:/f
The actinide source term at the WIPP is defined as the sum of contributions from dissolved
actinide species and mobile coiloidal actinide species. The dissolved actinide source term has
been defined elsewhere (Novak, 1996; Novak and Moore, 1996; Siegel, 1996). Tt is imnportant to
note that colloidal actirides 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
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
mineral fragment type 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: CONCMIN  concentration of actinide associated with mobile mineral fragment
. colIOidS.,_“ S TR AT T O : B -

Ten

idmtrl; Th ~ thorium; Nt R
U ~ uranpium; ) > '
Np neptunium;

Pu plutonium; and

Am 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 particies 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.
Withio 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 fragment type colloidal particles. Bentonite, which
may be a constituent of drilling mud is itself a potential source of mmeral fragment type colloidal
material that should be considered for actinide transport. :

In terms of colloidal actinide transport, mineral fragment 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 actimides, quantification of actinide concentrations associated with the wide
range of mineralogies likely to be present at the WIPP is insurmountable. Instead, we elected to
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 mformatmn, and the development of parameter values
suitable for PA calculations. : : o

- 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 collgidal particles are attracted to
one another by van der Waals forces. That electrostatic attraction is countered by repulsive
forces generated by a cloud of counterions surrounding each particle. In a kinétically stable
colloidal dispersion colloidal particles are usually repelied 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 strengths 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 fragments 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 strengths observed in WIPP brines. The brines were
sequentially diluted with deionized water by factors of 10 and adjusted to acidic, neuntral, and
basic pH conditions to evaluate the effects of ionic strength 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 strength and time.

Colloidal dispersions were prepared for the following minerals or materials: bentonite, kaolinite,
montmorillonite, vermiculite, illite, anhydrite, calcium carbopate, magnesite, hematite
(mechanically disaggregated), hematite (chemical precipitate), limonite, goethite, magnetite,
quartz, siderite, brucite, strontianite, diatomaceous earth, pyrite, and cellulosic materials
{Masslinn 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-
magnitude. Brine simulants consisting of 0.5M NaCl or CaCl, were also used. For the residual
concentration measurements which were used as the basis for the PA deliverables described
berein, the one order-of-magnitude dilution (i.e., 10 percent of original strength) of the Salado-
like brine and the Culebra brine simulants were used. - That reduction in {onic strength provides'a
degree of conservatism in the resuits. '

- C.c.c. experiments 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 dispersed colloidal particles to a series of
test tubes containing the sequentially diluted brine, colloidal pamele concentrations remaining
near the top of the fluid columns (residual conccntrauon) were measured as a function of time.

The degree of coagulation and settling was quannﬁed using an mductlvely coupled argon-plasma
atomic emission spectrophotometer (ICP-AES) nephclometry, a_nd dJIect particle countmg

Most of the experiments conducted relating to the kinetic stability of mineral fragment colloidal
particles were qualitative to serni-quantitative, and were focused on cvaltiaping 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 plaats, which require extremely pure processing water,
and use a similar instrument to ascertain purity. Our final 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. Generaily after the first day of the c.c.c. experiments, the majority
(greater than 99 percent) of the colloidal parﬁcles had already settled out of suspension. With the
more sensitive particle spectrometer, however, residual concentrations of colloidal 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 final 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:

2
(An], = T2 gANs 0
where: o o
fAn], = concentration of an adsorbed actinide element (moles/particle)
D = spherical colloidal particle diameter (zm)
Ny = adsorption site density (sites/nm?2) )
Ny = Avogadro constant

An adsorption site density of 1 site/nm2 was used for N, in the above equation, a value which we
believe is conservative. With that site density, 10 nm and 1 pm 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 eguation (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 tha.n
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 107 to 10 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:

Mineral Time of final reading (days) | Estimated actinide concentration
(moles/L dispersion)

hematite 12.8 1.6 x 10-8

goethite 12.9 9.5x 10-10

bentonite 12.8 1.6 x 10-10

geometric mean | 1.3 x 109

We believe that the experimental results using the parucle spectrometer although only reflectmg
three chstmct colloids (hematite, goethite, and bentomte) are representanve of other mmeral
fragment type colloidal particles in terms of their behavior in brine solutions. The gcomctnc
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).

Attachment A: WPO#35850 Papenguth and Aguilar page 5



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 colioids and humic substances, or to 2 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 109 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"”
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
colioidal 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.

References

Novak, C. F., 1996, The Waste Isolation Pilot Plant (WIPP) Actinide Source Term Program:
Test Plan for the Conceptual Model and the Dissolved Concentration Submodel,
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SNL Technical memorandum dated 28 March 1996 to Malcolm D. Siegel.
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Actinide Transport at the Waste Isolation Pilot Plant, SNL Test Plan TP 96-01.
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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.
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Hh] Sandia National Laboratories

Operated for the U.S. Depaniment of Energy by
Sandia Corporation

Albuquemue, New Mexica 87185

3/25/96

Hans W. Papenguth

Chatrs O Shidrar,

Chrstine T. Stockman

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

In order to properly mode] 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 radionuciide concentration and/or 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(III) 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 simplifications 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 or microbe colloids
PROPHUM for moles actinide mobilized on humic colloids per moles dissolved
PROPMIC  for moles actinide mobilized on micrabe 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 saropling slots have been reserved for
the most important of these parameters that have non-constant distributions.

ce:
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:WBS51.2.07.1.1:PDD:QA:GENERAL

Exceptional Service in the National Interest
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Attachment C:

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



Sandia Natignal Labarataries

—
Albuguarque, New Mexica B7185
i date: 29 March 1936 _ : )
3 to: Christine T. Stockman, MS-1328 (Org. 6749) "'~
‘L ' o
from: Hans W. Papenguth, MS-1320 (Org, 6748).
subject:  Colloidal Actinide Source Term Parameters IR R
143 o |
s, - This memorandum summarizes best estimates for the n’lobile'colloidal_ actinide source term
: : for input to the WIPP Compliance Certification Application. The use of material and
parameter identification codes is copsistent with your letter to me dated 29 March 1996
requesting parameter values. In the a.ttachcd tablc I have provxded best estimates for the
~ following materal-parameter c:ombmanons T o -
IDMTIRL: Th, U, Np, Pu, Am
— IDPRAM: CONCINT  concentration of actinide associated with_mgbﬂg_ég_ti_gjgp-_
-~~—-—--intrinsic colloids S
CONCMIN  concentration of actinide associated with mobile mineral
fragment colloids '
CAPHUM  meximum concentration of actinide associated with mobile
humic colloids — _
T CAPMIC maximuim concentration of actinide associated wuh mobile
‘microbas
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 behavipr 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# Parameter Record Package Name
35830 Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids
| 33852 Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids
. 35855 Mobile-Colloidal~Actinide Source Termn. 3. Humic Substances
35856 Mobile-Coloidal-Actinide Source Term. 4. Microbes
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copy to:

MS 1328
MS 1328
MS 1328

MS 1320
MS 1320

MS 1341

MS 1341

MS 1341
MS 1341

M5 1320
MS 1320

- MS 1320

MS 1320
MS 1320
MS 1320

MS 1324

MS 1341
MS 1341

MS 1324

Hong-Nian Jow, 6741
Amy S. Johnson, 6741
Martin S. Tiemey, 6741

E. James Nowak, 6831 g’/?f

R. Vann Bynum, 6831

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

W. George Perkins, 6748 WZ’ZP
John W. Kelly, 6748 . ,
Daniel A. Lucero, 6748

Craig F. Novak, 6748

Hans W. Papenguth, 6748
Malcolm D. Siegel, 6748

Sus;n A. Howarth, 61 15

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

Richard Aguilar, 6851

SWCF-A:WBS1.1.10.2.1
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Mobite-Colloidal-Actinide Source Term—Conceniralion/Proportionality Constants

Parameter | [Material Most Minimum | Maximnm Units Distribution Notes
Likely Value Value Type
Value
CONCMIN |Th 1.38-09 1.3e-10 1.3e-08moles colloidal mineral- triangular 1
fragment-bound Th per liter
of dispersion -
CONCMIN {U 1.3e-09 1.3e-10 1.3e-08|moles colioidal mineral- triangular 1
. fragment-bound U per lter
of dispersion
CONCMIN  |Np 1.53e-09 1.3e-10 1.3e-08 |moles colloidal minzeral- trianguiar ]
fragment-bound Np per liter
of dispersion
CONCMIN [Pu 13e-09{  1.3e-10 1.3e-08|moles colloidal mineral- . |miangular 1
- fragment-bound Pu per liter
. of dispersion
CONCMIN  {Am 132091 . 1.3e-10 1.3e-08[moles colloidal mineral- toangular 1
fragment-bound Am per liter
of dispersion
| l
CONCINT |Th 0.0e+00[ 0.0e+00] 0.0e+00|moles actumde-nimasic constant
. colividal Th per liter of
dispersion
CONCINT (U 0.0e+400 0.0e+00r  0.0e+00{meles actixudeintinsic constant
colividal U per Hver of
‘ disparsion
CONCINT|Np 0.0e+00]  0.0e+00]  0.06+00jmoles actmdeamimse — |consint
colloidal Np per liter of
dispersion ]
CONCINT [Pu 1.0e-09 1.0=-09 1.0=2-09moeies actinide-intrinsic constant
colloidal Pu per Liter of pu—
disparsion ) /{1 ;4
CONCINT  |Am 0.0e+00 0.0e+00)  0.0e+00moles actimds-intrinsic consiant ! S
' colloidal Am per liter of - Y-
disparsion e
I |
PROPHUM |Th 6.4e+00 6.4e+00 6.4e+00!moles colloidal hemic-bound|constant 2.3
Th per moles dissoived Th
PROPHUM U 14400 1.6e-01 2. 0e+00imoles collotdal humic-bonnd|tSangnlar 2134
- : - U per moles dissolved U _
PROPHUM  [Np Z0s00|  4.0e400]  4.0e+00{moles coliordal bumic-botnd|constant 73
7 Np per moies dissolved Np S
PROPSUM.  [Pu 5.5e+00 5.5e+00]  5.9e+00|moles colloidal humic-boundiconstant 2.3
Pu per moies disscived Pu
PROPHUM |Am - 25e+00 1.5e-01 3.9e+00|moles colloidal humic-boundjtiangular 234
Am per moles dissolved Am

Papenguth to Stockman, 28 March 1996, Page 1 of 2
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Mobile-Colioidal-Actinide Scurce Term—~Concentration/Proportionality Constams

Parameter | Material Most Minimum | Maximum Units Distribution Notes
Likely Value . | Value Type
Value
CAPHUM Th 1.5e-035 1.5e-05 1.5e-05|moles colloidal humic-bound{constant 56
Th per liter of dispersion
CAPHUM U 1.5e-05 1.52-03 1.5e-05imoles colioidal humic-bound|constant 5.6
U per Liter of dispersion
CAPHUM  |Np . 15e-05 1.5¢-05 1.52-05|moles colloidal humic-boundfconstant 3.6
Np per liter of dispersion
CAPHUM Pu 1.5e-05 1.5e-05 1.5¢-05[motes colloidal humic-bound|constant 56
_ Pu per liter of dispersion :
CAPHUM  lAm 13e-035 1.9e-035 1.5e~05 |moles colloidal humic-bound|constant 5,
-7 |Am per liter of dispersion -
PROPMIC  |Th 3.1e400]  3.3e+00]  3.1e+00imoiles microbial Th per constant 23
. - jmoles dissolved Th
PROPMIC |U 2.1e-03 2.1e-03 2.1e~03|moles microbial U per moles |constant 2.3
dissolved U
PROPMIC Np 12e+01 12201 1.2e+01!moles microbial Np per constant 2.3
moles dissolved Np
PROPMIC [Pu 3.0e-01] "3.0=-01 3.0e-0TImoles microbial Pu per consiant 2.3
moles dissolved Pu
PROPMIC  |Am 360400 3.6e+00f  3.6e+00|moles microbial Amper | jconstamt 2.3
moles dissolved Am :
CAPMIC Th 1.5e-03 1.9e-03 1.Be-05]moles total mobilé Th per  iconstant 3,7
liter
CAPMIC u 2.1e-031 - 2.le03 2.1e-03 {moles 1otal mobiie U per constant 3,7
, : liter
CaPMIC ND 2.7e-03{ Z.7e-03]  2.7e-03|moles total mobile Np per  |(constant 3,7
liter
CAPMIC Pu 6.8e-05 6.8e-05 6.8c-05{moles total mobile Puper |comstamt 5,7
fiter -
CAPMIC Am not not not moles total mobile Am per |constant 37 .
currently  jcurrenmtty jcunrrently (lter S
available javailable |available f
¥
Notes: i ' ]
generaliThe colloidal actinide source term is added to the dissolved acrinide source term.
zene=ral|None of the parzmeters are comelated. ¥ I ]
11If a distibution is pot used for mineral-fragment-bound actinidss, nse the maximum concentration 25 a
constant valge, 1 | [} 7
Z|Proportionality constants may be used with actinide solubility expressed in molanity or molality, depending
on the desired final units, | i i
3| Proportionality constants are to be used with the sum of actinide oxidation spcucs for each actinide element
{uncomplexed only, i.c., without organic ligand contribution). ] I
4|If a distabution is not used for humic-bound U or Am, use the maximum concentation as a constant vals.,
5{The maximum ("cap”) values are in units comparable to molarity rather than malality. |-

&|CAPHUM :s compared to the concentration of the respective humic-bound actinide element.

7ICAPMIC is compared to the towal concentration of the respective actinude element in the mobile system (2.

Ithe sum of dissolved plus colioidal actinide).

l

E

l

Papenguth to Stockman, 29 March 1996, Page 2 of 2
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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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Pﬁ Sandia National Laboratories

Operaied for the U.S. Depanment ol Energy by
Sandia Corporation

Albuguergue, New Mexico 57 1B5-

date:  4/2/96

= Hans W. Papenguth

o Christine T, Stockman

swieer  Request for any modifications to the colioid parameters for use in NUTS, GRIDFLOW and

chrect brine release calculations

YiFeng Wang has revised his recommendation to use 2 invariant points in the PA calculanon.
He now recommends that we use the Mg(OH); + MgCO; invariant point for all calculations.
If this invalidates the assumptions that you used to prepare colloid concentration or
proportion parameters please indicate as soon 2s possible which parameters are affected, and
2s soon as possible after that provide a memo documenting the new values.

ce:
Mary-Alena Martell

~ Amy 5. Johnson

-~ Hong-Nian Jow
Martin S. Tierney
J. T. Schneider
Richard V. Bynum
E. James Nowak

- — W. George Perkins
SWCF-A:WBS1.2.07.1.1:PDD:QA:GENERAL

Exceptional Service in the National interest
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Attachment E:

Papenguth, Hans W, 1996, Colloidal Actinide Source Term Parameters, Revision 1. SNL
Technical Memorandum dated 18 Aprl 1996 to Christine T. Stockman.
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Sandia National Lahaorataries

Albuquerque, New Mexico 87185

date: 18 April 1996

to:

from:

subject:

Christine T. Stockman, MS-1328 (Org__6;1'49) ‘

Hags W, Papcnguth MS-1320 (Org 6748)

Colloidat Actinide Source Term Parameters Revision 1

This memorandum summanzcs the revmed best e:sumates for the mobxle colloxdal—acumde
souirce term for input to the WIPP Comphance 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
merporandum addresses your request for modifications Statéii 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 mmeral—fracrment—type colloidal particles are included. New values (i.e.,
corresponding to new idpram's and idmtrl's) for proportionality constants descnbmg
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 concertration 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., UAV) and U(VI); Np(IV) and Np(V); Pu(iI) and
Pu(IV)]. A second modification in approach, is that I now provide values for two cases:
(1) a Castile bripe in equilibrium with brucite and magnesite; and (2) a Salado brine in
equilibrivm with brucite and magnesite. For humic substances, thc followmg matenal—
parameter combinations apply ' ot

IDM’I‘RL PHUMOXS p,ropomonahty constant for conccntratlon ‘of acumdes
'~ associated with moblle hmmc substanccs for acnmde elements
with oxidation state 3 3;

p.1lof3



LYV NTL "
e

IDPRAM:

PHUMOX4
PHUMOXS

PHUMOX6

PHUMCIM

PHUMSIM

propertionality constant for concentration of actinides
associated with mobile humic substances, for actinide elements
with oxidation state 4,

proportionality constant for concentration of actinides
associated with mobile humic substances, for actinide elements
with oxidation state 5; and ‘

proportionality constant for concentration of actinides
associated with mobile humic substauces, for actinide elements
with oxidation state 6. A

proportionality constant for concentration of actinides

 associated with mobile humic colloids, in Castile brine,
" actinide solubilities are inorganic only (no man-made ligands),

brine is in equilibrium with Mg-bearing minerals (brucite and
magnesite);

proportionality constant for concentration of act1n1des
associated with mobile humic colloids, in Salado brine,
actinide solubilities are inorganic only (po man-made ligands),
brine is in equilibrium with Mg-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 Cnlebra. 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 solubilities. Concentrations of actinides associated with
microbes are limited by the steady-state population of microbes in the repository, which
will not increase when intmduced to the Culebra.

The basis for the values summarized in the attached table is described in the followmg

record packa.acs for WBS 1.1.10.2.1:

WPO# Parameter Record PackagLe Name

35850 Mobile-Colloidal-Actinide Source Term. 1. Mineral Fragment Colloids
35852 Mobile-Colloidal-Actinide Source Term. 2. Actinide Intrinsic Colloids
35855 Mobile-Colloidal-Actinide Source Term. 3. Hurmpic Substances

35856 Mobile-Colloidal-Actinide Source Term. 4. Microbes

p.20of3
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mobile-Collvidal-Actinide Source Term; Concentration/Proportionality Constants; Revision 1

Status

Parameter

(IDPRAM)

Material
(IDMTRL)

Most
Likely
Value

Mioimum
Value

Maximum
Yalue

Units

Distribution
Type

Notes

revised

CONCMIN

2.6e-09

2.6e-09

2.6a-09

mojes colloidal mineral-
fragment-bound Th per liter
of dispersion

tnangular

revised

CONCMIN

2.6e-05

1600

2.660%

moles colioidal mineral-
fragment-bound U per liter
of dispersion

wiangutar

revised

CONCMIN

Np

2.6e-05

2.6e-09

2.6¢-09

moies colloidal mineral-
fragment-bound Np per liter
of dispersion

riangujar

=

revised

CORCMIN

2609

2,609

moles colimdal mineral-
fragrnent-bound Pu per liter
of dispersion

tangular

revised

CONCMIN

2.6e-09

2.6e-09

2605

mojes colloidal mineral-
fragraent-bound Am per liter
of dispersion

tangular

CONCINT

0.0e+00

0.0e+00

0.0e+00

moles actinide-intrinsic
colloidal Th per Liter of
dispersion

consiant

CONCINT

0.0e+00

0.0e+00

moles actumde-intrinsic
colloidal U per liter of
dispersion

CORSIAnt

JCONCINT

Np

0.0e400

00e+00

moles actinide-1ntrinsic
celloidal MNp per liter of
dispersion

constant

CONCINT

1.0e-09

moles acti.n'jdc-i;m'inﬁc
colloidal Pu per liter of
dispersion

constant

CONCINT

0.0e+00

0.0e+00

0.0e+00

moles actinide-ininsic
colloidal Am per liter of
dispersion

consiant

|

revised (new)

PHUMSIM

PHUMOXS

1.3e-01

§.0e-03

1.92-01

moles colloidal humic-bound
actipide (JIT} per moles -
dissolved actinide (TI)

tnangutar

revised (pew)

PHUMSIM

PHUMOX4

6.3+00

6.3e+00

6.3e+00

moles colloidal bunue-bound
actinide: (IV) per moles
dissolved actinide (TV)

copstant

[revised (new)

PHUMSIM

PHUMOXS |

4.8¢-04

. 23e5

9.1e-04

moles colloidal humic-bound
actinide (V) per moles
dissolved actinide (V)

miangular

revised (new)

PHOMSIM

PHUMOX6

T

8.0e-03

12=-01

dlssolved acumdc VT)....

moles colioidal hum:c-bouncl-
: acnmd: VD) per mo]r.s-*'

triangulay

revised (new)

PHUMCIM

PEUMOXS

e Wd-"'—-‘

- 11e+00

5700

moles colloxdal hu:mc—bound

. |actinide (III) per moles

dissoived actinide (IIT)

:riangplar i

23

revised (pew)

PHUMCIM

/PHUMOX4

6.3e+00

6.3e+00

moles colloidal humtc-bound
acinide (TV) per moles
dissolved actinide (IV)

cotsant

revised (new)

PHUMCIM

PHUMOXS

3503

7.4e-03

moles colloidal himic-bound
actinide (V) per moles
dissolved actinide (V)

tangular

revised (new)

PHUMCIM

PHUMOX6

2.8e01

5.1e-01

moles collosdal humie-bound
actinide (V) per moles

triangular

dissolvad actinide (V)
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Maobile-Colloidal-Actinide Source Term; Cancentration/Proportionality Constants; Revision 1

Stanis | Parameter | Materal | Most | Mioimum | Madimesmg Units Distibution | © Notes
(IDPRAM) | IDMTRL); Likely Value Value Type
Value
revised CAPHUM |Thn 1.1e-05 1.1e-05 1.1e-05|moles colloidal humic-boundiconsiant 5,6
Th pex liter of dispersion ‘
revised CAPHUM |3 I.1e-03 1.1e-05 1.1e-05]tnoles colloidal humic-bound]constant 56
U per liter of dispersion
revised CAPHUM  Np 1.le05 1.3e-05 1.1e-05/moles colloidal hurnic-bound|constant 56
Np per liter of dispersion
revisesd CAPHUM Pu 1.1e-05 1.1e-05 1.1e-05|moles colloidal humie-boundi constant 56
Pu per liter of dispersion
revised CAPHUM Am 1.le-05 1.1e-05 1.le-05|moles colleidal humic-bound|constant 5.6
Am peg liter of dispersion
|
PROPMIC ™ |Th 3.1e+00[ 3.1e+00]  3.1e+00|moies microbial Th per constant 23
- |moles dissolved Th
PROPMIC (U 2-1e03 2.1e03 2.1c-03|moles microbial U per moles |coustant 23
dissolved U
PROPMIC  INp 1.2e+01 1.2e+01 1.22+0] {moles microbial Np per constant 23
) moles dissolved Np
PROPMIC  |Pu 3.0e-01 3.0e-01 3.0¢-01|moles microbial Py per coustant 23
meles dissolved Pu
PROPMIC 3.6e+00]  3.60+00]  3.6c+00|moles microbial Am per constant 23
moles dissolved Am
| I J
CAPMIC Th 1.9e-03 1.9e-03 1.9¢-03{moles total mobile Thper ~ jconstant ' 57
Liter
CAPMIC [§ 2.1e-03]  2.1e-03 2.1e-03|moles total mobile Uper  |constant | 57
- .- jliter - -
CAPMIC  |Np T7e 03| 27e03|  2je03imoies total mobile Np per | constant < 37
Liter
H
ICAPMFC Pu 6.8e-05 6.8¢-05 6.8¢-05[moles total mobile Puper  |constant 57
Liter
CAPMIC Am not not mot moles total mobiie Am per |constant 57
curtently  |currently  jourrendy  (liter
available |available |available
] | i i
[ Notes: i | !
I

general; Toe colloidal actinide source term is added 1o the dissolved actinide source t=mmn. |

!
i
F

gencraliNone of the parameters are conelaied.|

|

|

11X a distribution is not used for mineral-fragment-bound actinidas, nse the marimum concentralicn as a

|constant vaiue.

N [

L

I

2

1

Proportionality constants may be used with actinide solnbility expressed in molarity or molality, depending
on the desired final units_ | I

]

1

3

Proporonality constants are 10 be used with the inorganic actinide solubility value (uncomplexzsd only,

1.c., without organic ligand copmbution).

=

4|l a distribution is not used, use the maximum concentration as a constant value.

5{The maximum ("cap”} values are in units comparable to molarity rather than molafiry.

— -

6
7

CAPHUM is compared to the concentration of the respective humic-bound actinifie clement.

CAPMIC is compared to the total concentration of the respective actinids element in the mobiie Sysierm (Le.,

the sum of dissolved pius colioidal actnide).

1
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Sandia National Laboratories

Albuguerque, New Mexico 87185 .
date: 22 April 1996 .

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

Faus. U, Coprosti

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

subject: Colloidal Actinjde Source Term Parameters, Revision 2

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-
fragment-type colloidal particles. The attached Table contains the correct values. -

References

Papenguth, H'W., 1996, Colloidal Actinide Source Term Parameters, Revision 1. SNL
- technical memorandum dated 18 April 1896 to Christine T. Stockman.
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MS 1320 E. James Nowak, 6831
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
MS 1320 Craig F. Novak, 6748
MS 1320 Hans W. Papenguth, 6748
MS 1320 Malcolm D. Siegel, 6748
MS 1324 Susan A. Howarth, 6115
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MS 1341 Ruoth F. Weiner, 6747
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Mobile-Colloidal-Actinide Source Temn; Concentration/Propaortionality Constants; Revision 2

: Stawus Parameter | Material | Most | Minimum [ Maximum Units Distribution | Notes
— (IDPRAM) | (DMTRL)| Likely | Value | Value Type
‘ Value

Tevised CONCMIN TR THe0]  26e-10]  Lbe-08|moles collordal minerl— riangular I
fragment-bound Th per liter
of dispersion
15ed CONCMIN ~2.6e-09 2.6e-10 2.6e-08[moles colloidal mineral- triapgular 1
i fragment-bound U per liter
' of dispersion
revised CONCMIN  |Np T 2609 2.6e-10 2.6e-08moles collaidal mineral- triangular 1
. fragment-bound Np per liter
_ of dispersion
revised CONCMIN 2.6c-09 2.6e-} 2.6c-08Blmolzs colloidal mineral- wiangular ]
fragment-bound Pu per liter
. . ) of dispersion :
revised CONCMIN  |Am T 2.6e-09| Z.6e-10] 2.6e-08|moles colioidal minerai- triangular 1
S fragment-bound Am per liter
of dispersion

CONCINT [Th -~ 0.0e: 0.0e+00|  0.0e+00;moles actinide-Intrinsic constant
colloidal Th per liter of
) dispersion
ONCINT {U- X 0.0e+00{  0.0e+00[moles actinide-intrinsic constant -
colloidal U per liter of
dispersion
CONCINT  |Np 00e+00]  0.0e+00 0.0=+00imoles actinids-inmnsic constant
collotdal Np pec liter of
dispersion
CONCINT  |Pu 1.0e-09 1.0e-09 1.0e0%|moies actimde-Inainsic constant
’ colloidal Pu per liter of
dispersion
CONCINT _ [Am U0c+00]  0.0¢+00  0.0c+00/molcs actnide-mmesic |Constamt 7] 1 =
- |colloidal Am per fiter of P

dispersion ]

PHUMSIM  [PHUMOQXS 13e-0I|" "8.0e-03 1.9¢-01moles colloidal humic-bounditmangular 234
actinide (1) per moles
dissolved actinide (TIT)
PHUMSIM PHUMOX4 6.5e+00| 63e+00|  6.3e+00;moles colloidal humic-bound, constant 73
aczinide {IV) per moles '

dissolved actinide (TV)
PRUMSIM  |PHUMOXS 4.8e-04f 53205 9.1e-04)tnoles colloidal humic-bound) mangular 234
. actinide (V) per moles

’ ] dissolved actinide (V)
PHUMSIM PHUMODRS 5.6e-02] B.0e03] “1.2e-Dlimoles colioidal humic-bound|tiangular 234
sctnide (V) per moles
dissoived actinide (VD)

I
z
S
.
;
‘:‘
F
LY
s
L3
:

HUMCIM [PHOMORS | T1ov00| — 65¢02  1.6c+00\moles collomal Famic-bound|wiangatar AT
actinide ([IT) per moles
. dissolved actinide (IIT)
HUMCIM  [PHUMOX4 63400  63e+)|  6.3e+0{){moles colioidal humic-bound|constant
actinide (TV) per moles
dissolved actinide (TV)
PHUMCIM  [PHUMO 35e03]  4.3:04] -7V.4e-03jmoles colloidal humic-bound! miangular 234
actinige (V) par moles
|dissolved actinide (V)
— PHUMCIM HUMOX6 2.8e01) - 62e-02]  5.Ic-01{moles colloidal bumic-bound]triangular 234
actinide (V) per moles
dissolved actinide (VT)

Papenguth to Stockman, 22 April 1996, p. 1 of 2
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Mobie-Colloldal-Actinide Source Term; Concentraion/Proportionality Consiants; Revision 2

Status Parameter { Matenal Most Minimum | Maximum Units Distribution Notes
(IDPRAM) | ADMTRL)}| Likely Value Yalue Type
VYalue
CAPHUM |Th Lie05] 1.1e05 1.1e05}moles colioidai humtc-boundjconstant 55
. Th per liter of dispersion
CAPHUM |U 1.1e05 I.icD3 1.1e-05)moles colloidal humic-bound|constant 5.6
: . : . U per liter of dispersion
CAPHOM  [Np 11D I.1e-05]  T.lc-05imoles colloidal humi¢-bound|constant 56
o _ |Np per liter of dispersion
CAFHUM  |Pu Te05]  l.1e-05 I.1e-05]moles colloidal humic-bound|constant 56
. - Py per liter of dispersion
TAPHUM  [Am 1.1e05 L.ie-F 1.1e-05{moles colloidal humic-boundiconstant s,
’ Am per Jiter of dispersion
ROPMIC  {Th T1e400] 3.1e+00{ 3.Tc+D0imoles microbial Th pet constant ] 3
. . v - lmoles dissolved Th
PROPMIC [U 1 2.1eD3] 21e03]  2Z1c03{moles mmcrobial U per moles constant
‘ Co dissolved U
PROPMIC  [Np 13e+01] 1.2e+D1|  1.2e+01)moles microbial Np per constant 23
moles dissolved Np
PROPMIC  [Pu 3Ge-01]" 3.0e0I]  3.0e-01{moles microbial Pu per constant 23
‘ moles dissolved Pu
PROFMIC  |Am _ ~ 36e+00] 3.6c+H00] 3.8e+00imoles microbial Am per  |constant 13
’ moles dissolved Am
CAPMIC Th 1.9e-03| 1.9¢-03{  1.9e-03|molcs toral mobile Th per  (canstant 57
liter
capMiC U 2.1le3 '2..13—33 2.1e-03 [males 1otal mohile § pes constant %1
- Htﬁ' - .-
CAPMIC Np 27e03 2.7;-.-03 2.7e-02imoles wial mobiie Np per ~ |constant 57
titer
CAPMIC Pu 6.8e-05 6.8e-05 6.8¢-03|moles total mobiie Pu per  |constant 5,7
Jiti- o
CAPMIC Am not not not moles total mobile Am per |constan; 57
tcurrently  |currently  (currentdy  [liter i
available |available javailable -
!
|Noles:
generali Lhe colloidal actinide source term is added o the dissolved actinide source term.
generaliNone of the parameters are comrelated. § ] 7 )
111f a distnbution is not used for mineral-fragmeni-bound actipides, use the maxirnum concentration as a
constant value, ] i 1 | i
2{Proportionality constams may be used with acuinide solubility expressed in molanty or molality, depending
[ on the desized final Utits. | T T ; 1 ]
3 |Proportionality constants are 1o be used with the inorganic actinide solubility value (uncomplexed oaly,
i.e.. without organic ligand conmribution). |
411f 2 distribution is not used, use the maximum cONCEDIALON as A constant value.
5|The maximum ("cap”) values are in units comparable 10 molanty rather than molaliry.
6|CAPHUM is compared 1o the concentration of the respective humic-bound actinide clement. |
7|CAPMIC is compared 10 the total concentration of the respective actinide elcmcn: in the mobiie system (1.e.,

the sum of dissolved pius colloidal actimide). ] ] B

Papsnguth to Stockman, 22 April 1896, p. 2 of 2
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Sandia National Laboratories

Albuguergue. New Mexico 871851341

date: March 29, 1996

to: Martin S. Tiemney (Org. 6741) L
Christine T. Stockman (Org. 6749) : }

W%%W N
from: Yifeng Wang (Org. 6748) ki

subject: Estimate of Repository pH and feo, Distribution for the Long-Term WIPP
Performance Assessment (PA)

In my memo to M. D. Siegel (Wang, 1996), I justified that, due to the addition of MgO
backfill, WIPP brine pH and fco, will be determined mainly by two chemical invariant
points: Mg(OH), + MgCO; or Ca(OH); + CaCOs;. 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 commn., 3/26/1996) and 8x10° moles of Ca(OH), will be present as a
cementious material in the waste (Drez, 1996; Storz, 1996). Since the quantities of MgO
and Ca(OH), are fixed, the pH and fco» will be a function only of the amount of CO»
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 CO,. Im the calculations, Ca(OH), 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 CO, /kg HO and moles of Mg(OH)./kg H,O for each brine (Figures 1
and 2). For Castile brine ERDA-6, the transition from one invariant point to another is very
sharp (Figure 1), while, for Salado brine Brine-A, a transition region (II) 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 [H].

From Figures 1 and 2, the following conclusions can be drawn:

(1) The biodegradation of a small percentage of total cellulosics will produce sufficient CO,
to react all Ca(OH), in the waste (see dash lines region 1 in both Figurel and 2).
Therefore, for the cases with microbial gas generation, the brine chemistry will be
controlled mainly by Mg(OH}, + MgCO; invariant point

(2) Without CO; production, in order for Salado brine to reach region II, the ratio of
Mg(OH)>/kg H,O needs to be larger than 400, comresponding to the brine volume of
5000 m® (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(OH); + CaCO; chemical invariant point,
although this control may be in effect for some undisturbed cases.

Exceptional Service in the National Interest



Christine T. Stockman (Org. 6749) -2- March 29, 1996

(3) Figure 1 indicates that the brine chemistry will be controlled by Ca(OH); + CaCQs; in an
E1 scenario with no CO; production. But, this may not be true, if there is enough Salado
brine (> 5000 m’ ) in the repository to react with all Ca(OH), before human intrusion; for
these cases, the brine chemistry will not be controlled by Ca(OH); + CaCOs.

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 II. However, based on the above discussion, I expect that, given the
current inventory estimate of Ca(OH),, the overall chance for a WIPP brine to be in region II
is low. Considering that actinide solubility is higher at Mg(OH), + MgCO; (Novak &
Moore, 1996, I recommend using the actinide solubility calculated for Mg(OH), + MgCOs
invariant point for all PA calculations. This recommendation is conservative.

Figure 1. Chemical-Invariant-Point Distribution for Castile Brine (ERDA-6) as a Function
of CO; Produced and Mg(OH), Added per Kilograms of Water. Since MgO and
Ca(OH), are fixed, the ratio of Mg(OH)»/H-O = 2x10° moles/kg of total water in
the repository. The ratio of Ca(OH)./kg H,O = 0.004*Mg(OH),/kg H,O. The
dash line is the CO2/H,O ratio corresponding to 8% of cellulosics biodegraded.
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Christine T. Stockman (Org. 6749) -3- March 29, 1896

Figure 2. Chemical-Invariant-Point Distribution for Salado brine (Brine-A) as a Function of
CO, Produced and Mg(OH)» Added per Kilograms of Water. Since MgO and
Ca(OH), are fixed, the ratio of Mg(OH),/H20 = 2x10° moles/kg of total water in
the repository. The ratio of Ca(OH),/kg H2O = 0.004*Mg(OH)2/kg H>O. The
dash line is the COy/H,0O ratio corresponding to 8% of cellulosics biodegraded.
Region ITI can be combined into region I, because they have similar pH values.
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o Malcolm D. Siegel (Org. 6748)

A e

from: Yifeng Wang (Org. 6748)

subject: Define Chemical Conditions for FMT Actinide Solubility Calculations

Reflecting the recent decision of adding MgO as a back{ill to control WIPP repository
chemistry, 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 actimde
solubility was supposed to be calculated for the whole ranges of brine chemical conditions
(pH, CO; 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 WIPP brine pH and CO; fugacity (fco2), I have conducted the titration
calcularions for both Salado brine (Brine-A) and Castile brine (ERDA-6) with computer
code EQ3/6 (Wolery, 1992; Wolery & Daveler, 1992). In the calculations, I have assumed
(1) that the repository chemistry will be mainly controlled by microbial CO- production and
the dissolution of MgQ backfill and Ca(OH), originally present in the waste as a cementious
material and (2) that the amount of MgO added will be sufficient to remove all CO; from
gaseous and liquid phases. The brine chemical composition used in the calculations are
from 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 pmH = -log[H).

The calculation results show (1) that adding sufficient MgO to the repository will buffer
brine pH at 10 for Castile brine (ERDA-6) and 9.2 for Salado brine (Brine-A), after all CO,
in the gaseous and liguid phases are consumed, and (2) that the presence of Ca(OH) in the
waste may bring pH to 13 for Castile brine and 12 for Salado brine (Figures 1 and 2).
Thermodynamic calculation shows that the reaction:

MgCO; + Ca(OH); — Mg(OH), + CaCOs AG = -9.4 kcal/mole (Drever, 1982)

will proceed until all MgCO; is consumed. Thus, the effect of Ca(OH); on pH will depend
will only on the ratio of Ca(OH), to water, regardless of how much MgO will be added.
Figure 1 and 2 indicates that the brine pH and oy will be essentially determined by either of
two chemical invariant points:

(1) MgCO; + Mg(OH), pH = 10 for Castile brine and 9.2 for Salado brine
(2) CaCO; + Ca(OH)s pH = 13 for Castile brine and 12 for Salado brine.

The transition between the two invariant is sudden.

Excepfionct Service in the Nationd! inferest
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From the calculation results, Isuggest 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), and Ca(OH), to the brines and they are characterized by the
presence of a typical mineral set: either MgCO; + Mg(OH); or CaCO; + Ca(OH)..

In a separate memo to PA, I will provide the relationship between the brine chemistry and
1ts controlling factors such as the quantity of CO. produced, the amount Ca(OH)- 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(OH),. (B) and (C) The resulting
system in (A) is further titrated with Ca(OH),. Note a sudden transition from
MgCO; + Mg(OH), to CaCQO5 + Ca(OH), regions.
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Figure 2. (A) Salado brine (Brine-A) titrated with Mg(OH),. (B) and (C) The resulting
system in (A) is further titrated with Ca{OH),. Note a sudden transition from MgCO; +
Mg(OH): to CaCO; + Ca(OH), regions
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REVISED INFORMAL MENO Y, .
Ry

" Joe Harvill, CTAC March 20, 1996

FINAL PRELIMINARY | IMATE OF COMPLEXING AGENTS IN TRU
SOLIDIFIED WASTE S SCHEDULED FOR DISPOSAL IN WIFP

SUMMARY

This memo pzd ides the best estimite of complexing agents, based
on transuranic’(TRU)} waste generaffor/storage site input, in TRU
waste expec o be shipped to Waste Iselation Pilot Plant

(WIPP) for dispcsal. The complexing agent inventories quoted in
this memo are in-gesponse to a Sandia Matignal Laboratory/New
Mexico (SNL/NM) r est for information'@ol

the complexing a information is coftaihed in Appendix B of
Rev151on 2 of the Transuranic Waste Baseline Inventory Report
FWBI{R) (DCE, 19$5). allmwaste inventory volumes quoted are

Srived from Rev. 2 of the TWBIR. 7
“ﬁ’/NM should use Table F%as a summary of specEEic complexing

agents that may ke present in the TRU waste. Tables 1 and 2

provides a summary of Total-@rgaptc Carbon in th emote-handled
¥ational Laboratgyy (ORNL) and a
%ﬁthat may cont%e to the TOC

(RH) -T sludges from Oak Ri;
Estimates a pscvided in Table 4 oféghe volume of stored and

list off possible complexing i

in th ludges.

projected TR ste that contribute the estimate of complexing
agents in tﬁ% ste. For contact hangled {CH)-TRU waste, greater
than %4% of-TRU stored and projecte inal waste forms contribute
to the complexing agent estimate and greater than $8% of the
Salidified Organic £inal waste forms and «geaber than 92% of the
Solidified Inorgan.i% final waste forms. Fpf,

greater than 86% 2 U stored and prOJecﬁkf%jlnal waste forms
contribute to the lexing agent estima®e and 1003 of the
Solidified Organic final waste forms and 100% of the Solidified
Inorganic final waste-gfrms.

BACKGROUND g {

Information has been recelved from all sites that were requested
to provide data on potential complexing agents in thedr-
solidified waste forms: Rocky Flats Environmental Techgdlogy Site
(RFETS), Los Alamos National Laboratory (LANL) and ORNE. 1In
addition, several TRU waste sites which do nct genera

solidified waste forms (or small quantities) have also responded.
A copy of the CAO memo requesting the complexing agent
information is included as Attachment 1.

PE DREZ - March 20, 1996 1 FINAL PRELIMINARY
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epterm "complexing agent" is being used in lieu of "chelating
gegts™ in this memo, since chelating agents usually have a
ain structure (chelating comes from the Greek work "chele”
claw, as in a crab), and are considered a subset of
complexing agents. That is, acetate ion will "complex" with scme
et increase their sggjgility but does not have the
s

sfthat would label a chelating agent. A “commonly”
felating agent is Ebzée-ethy;enediaminetetraacatic acidy,
which ®on¥ains functional ( tate) anion groups arrange in
parallel which resemble a “claw" like structure for complexing
the catlonsgg—EpTA has two "clawMgstructures at either end of the

melecule. g E

The origina pe of this task ﬁf_ to ask the TRU waste
generator/storage sites about "aquecus-soluble™ complexing agents
in their solldlf‘ wvaste forms. As 1S Fask was researched,

pug~soluble™ is only a
relative term, si verything is "agqyedfis-soluble™ at some
concentration lev® rinote
compound that has been reported from the TRU waste sites is
ded and the task o lecting aqueous sojuble compounds is
> to the SNL personneXi in charge of perfo nce assessment

ig}éulations.

TRU WASTE STTE RESPONSES
ORNL

ORNI, has provided a list ofhirq e compounds wh gontain some
aquecous~soluble compounds that are apparent complexing agents. A
copy of the=wgist of all compounds re%Erted by ORNL to the BIR

T

team is att yed for completeness ( ie 1). The list in Table 1
RNZjsreport on lcw-level wWaste (Kaiser, 1988), but the
same compourds are anticipated to ocddr in the TRU waste based on
process history (but not necessarily at the same concentrations).
ORNL cannot quantify these compounds in the ~TRU solidified
wastes, but have ided an estimate of TP%al Organic Carbon
(TOC) for each RH waste tank (Table 2)i %%

from all the RH-PRU #anks is approximately 1 kg. It is
anticipated that most of the TOC in the tanks is not associated ,
with complexing agent ut that has not been verified at this ;
time. As a conservatigh, SNL/NM can assume tha¥iany complexing
agents listed in Table § could form the bulk of~tfle TOC in the
ORNL RH~TRU tanks. H

LANL R ;—-

Los Alamos National Laboratory has provided estimates ?f four
complexing agents that are anticipated to occur in th TRU
solidified waste streams and as materials used in decontamination

and spill clean-up operations (that would occur with the debris

wastes) (Attachment 2). The quantities of these compounds are —_
summarized in Table 3.

PE DREZ - March 20, 1996 2 FINAL PRELIMINARY
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afount of complexing agents in the RFETS retrievable waste (post
137G) at Idaho National Engineering lLaboratory (INEL). Attached
goting of chemicals frpa~RFETS that was provided to the BIR
team ag g¥basis for potenti omplexing agents in TRU waste
scheduffg for shipment to ang disposal in WIPP (Table 3). This
same l4wt®yvas originally puthdogether as part of the
documentation requested by the State of Nevada to document that

less than 1%dspmplexing” agentsigfcur in RFETS solidified low-

level “saltcepe" waste that wou # be shipped to NTS for disposal

Poch e

(Attachment

The list was provided as a yearly estimate of complexing agents
used on site at REETS. It is conservatgivewrto assume that all of
these complexing ggents would reside i h? TRU waste. The
inventory of complexing agents is the Besti estimate for all TRU
waste generated s the entire RFETS site, which includes-
debris wastes. The mass of complexing agents reported in Table 3
ETS results from iply the yearly esgimates (in
grams) by 20 years offj proeduction at RFET 1970-1989), which
cludes RFETS waste in storage at INEL. T early estimates

%n be found in Attachmer® 3. -

SRS

¥
o4

The Sagannah River Site (SRS) hA$ provided a let in response
te th E CAO request (Attathhert 1) which is i ed as
Attachment 4. SRS has provided information on three complexing
agents used-mn ‘Fite in connection with their operations, tributyl
phosphate (TBR)i tri-octyl phosphine Jjpxide (TOPO) and tri-iso
octylamine (3 1;). As discussed in the SRS letter, none of these
compounds aze eXpected to be found im-SRS TRU waste.

Hanford , B §

Hanford Operation s provided a listing tro? their database of
potential chenicals their TRU waste. The dnly chemical that
appears on the list that might act as a chelating agent in

agqueous solutions and hgs a reportable quantity associated with

the waste is tributly phosphate (TBP). TBP is orted under _
three different spellirnfs with a total of 92.5 This value i§~ "™
summarized in Table 3.-249¥e entire list of chemic reported by ;@‘

Hanford and quantities (in kg) are included in Attachment 5. ;

Lawrence Livermore National lLaboratory submitted the etter
included as Attachment 6 documenting that no chelating agents
occur in the LINL TRU waste streams.

PE DREZ - March 20, 1996 3 FINAL PRELIMINARY
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2Dle 4 contains a listing of the total TRU waste destined for
d¥sposal in WIPP (stored plus prcocjected to 2022), listed in
Column 2. Column 3 estimates what volume of waste from each
weds to the estimate of complexing
and 5 provz.de the same data for

The two~rBws labelled "PERC TAGE" provide an estimate of the
percentage of waste that TRU waste generator/storage sites have
provided datgr—for estimating compdexing agents in the waste.

Kaiser, L. L., 1988, "ORNL Inactive Waste Tanks Sampling and
Analysis Plan," L/RAP/LTR-88/24, wil~pS, 1988, Oak Ridge
National Laborato , Oak Ridge, 'I.‘ennes .

U. S. Department nergy, 19385, "Tr ranic Waste Baseline

Inventory Report (Revision 2)," DOE/CA0O=-35-1121, December 19S5,
bad, New Mexico

R. Bisping, DOE/CAO?

M. Chu, SNL/NM

L. Storz, SKRL/NM
Sanchez, SNL/NM

llera,

M

oY
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#ble 4  Organic chemicals used regularly in the TE® (7920) and TURF
{7930) and subsequently discharged to the ORML LLIW system

¢ Approximate
CHemical annual uwsage

Azetic acidf z?
Acetone g 100 L
Adogen-384 92 {~ triluayylamine) 3 100 L
Carbon tetrachleride m
Deodotized minera) spirits (Amsce) S - 1000 L
2,5-di-tert-burylfydroquinene (DBEQ) | B
Deithylbanzene (g i : 800 L
Diethylenetriamin#paafaacetic acid (DFIA) 5 n
Di(2-ethylhexyl) phospheric acid {EDEHZ) 200 L
i -isopropylbenzene (DIFBY 00 L
¥ Efhanol 100 L

Exher

3 Ethylenediamineretraacetighacid (EDTA)
2-ethyl-1-hexanol

m

m

a~hydroxyisobutyris acid (AL

Isop@icpancl 3 g §-

Hethfinol ‘i- ]
-
m
m
=
n
-}
o

n-gd tane
n-paraffin (HPH)
Oxalic acidy,
Thenoylrrif}

srcacetone (TTA)

Trichloroedhy e (ICE)
Aylene

PE DREZ - March 20, 1996 5 * FINAL PRELIMINARY
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TABLE 2. ORNL TOTAL ORGANIC CARBON ESTIMATES

Paul E. Drez

{TANK NO. [VOLUME (m3) [MASS (kg) |TOC (mg/kg) [TOC {kg)
——
wW-03 5670 5300 30.05
W-04 24527 200 4.91
W-07 45715 1300 $3.43
W-08 14080 8400 11827
W-09 833 2800 242
W-10 31650 4300 155.09
Qld Hydrofracture T-01 4845 18600 80.12
. [T-02 4, 7328 28000 20518
T-03 7. 14829 8140 13554
T-04 6242 4620 28.84
7-08 1.9 2967 7620 2281
= Y
CTIVE TANKS :
Evaporator Facility 456 6 3231 209.50
275 3 8480 249.64
W-22 435 60939 22.1 1.35
W-23 64.2 89818 4120 370.05
W-24 52 72661 7 22840 214.21
W-25 90.7] 126911 0 295.70
W-26 59.2 82930 6220 515.82
W-27 69 86707 3 303.18
W-28 168 23051 25 57.63
W-29 Ky 64913 a5 229 21
W-30 gy 64383 353k . 227.34
W31 263 36828 4470 164 62
‘g’ Total TOC 3650.69
1
\\i
6

F.a7s258

3/20/56
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TABLE 3. RF/INEL AND LANL COMPLEXING CHEMICALS ESTIMATE

POTENTIAL COMPLEXING AGENTS IN ROCKY FLATS {INCLUDING STORED AT INEL), LANL, HANFORD TRU WASTE
COMPOUND T mw MASS (kg)(1 [LANL MASS (kg)(2) HANFORD MASS (kg}(3) TOTAL MASS (k
-~ SR e R o SRAINTETIY]
Ascorbic Acid 90 By 87
Acelic Acld 132 N 142
Sodium Acetate 1110 1110
Ciltric Acid 00 1100.5
Sodium Cltrale 400 400
Oxalic Acid o0 13796
EDTA 23
8-Hydroxytjuinoine 48 46
Tributty Phosphate 74 82.5 166.5
1,10 Phenanthrofine 0.24 0.24]
Dihexyl-n,n-diethylcarbamoyl- 72 72
melhylphosphonate
(1) Lefter from W.F. Wastan tEFMT(ﬁ:erg. No. 88-RF-3055, dated §aptamld .
(2) Memorandum from C.L. Foxx lo P, Drez dated March 12, 1888 (Altac
3) Memorandumfror
Paul E Trez " 3/20/66

{

(
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TABLE 4. CALCULATION OF AMOUNT OF WASTE COVERED IN COMPLEXING AGENT MEMQ

Tolal TRU  |Accounted For |Solidif. Org |Solidif. Inong.
{m3) In Compiexing {(m3) {m3)
Agent Estimate ]
{m3)
45515.43 0 23.39
28606.74 789.87 33498
841,13 0 20.18
 18405.15 20.58 6922.02
% 627.91 0 5.67
G 1560.42 0 [}
s 5107.92 5107.92 140.93 1423.01
SRS (8) 964815 9648.1 0 1369.8
 Total Major Sites 11%12.85 105803.09 8613 13113.67
Total CH-TRU 11821.43] 111721.43 JROE, ¥ 14108.51
IPERCENTAGE (1) ! 94.79% 98.Q2 % 62.95%
e
(1)
Rl 2172835 21729.35 0 0
INEL (2) 220.72 % 196.98 3.5 5 27
4) 193.13 1.938+02 g A~ 0 2~
ORNL (6) 2915.64 1243.33 (] 1243.33] / 3
Total MajodSites 25058.84 - 358 130868 |, V@ v,
Total RH-THEU 26930.88 3.56 1308. )
PERCENTAGE (10) 75 100.00% 100.00 s e
1) Table 4-3 {0 4-23, 2 TWEBIR g
(2) Non RFETS Walite acted |
{3) Letter from K. Hainebach to J. Teak dated March 7, 1996 (Attachment &)
4) Memorandum from C.L Foxx to P, Drez dated March 12, 1998 chgpent 2)
(5) NTS waste is derived fro L only, see (4) | !
6) ORNL was only asked to te complexing agents in solidifi
RH-TRU waste per DOEnem&randum dated January 5, 1996 (Alachment 1)
(7) Letter from W.F. Weston to E.S. Goldberg, Letter No. 83-RF-3055,
dated September 1, 1889 (Attac t 3) } ]

(8) Letfter from J. D'Amelio to J. Tea

WE-SWE-86-0106, dated February 2§, 2996 (Attachment 4)

{9) Memaraadum from F.M. Coony a

M.B. Kems fo L.C. Sanchez thru S, jettg

dated January 25, 1996 (Attach

|

!

{10} VOLUME PERCENTAGE OF TOTAL TRU WASTE, SOLIDIFIED ORGANICS AND

Paul €. Drez

SOLIDIFIED INORGANICS ACCOUNTED FOR IN COMPLEXING AGENT MEMY'

20/86
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ATTACHMENT 1

United States Government Department of Energy

_ Carisbad A Offi
_ memorandum Carisbag, Hew o hrea Office

DATE: AN 5 1%

AATIO CAONTP:RLB 960605

sveseeT:  Additional Transuranic (TRU) Waste Dala Request for Sandia National Laboratonies’ Waste 1solation
Pilol Plan (WP} Performance Assessment

et Distribution

We have been informed by represcatatives fram Sandia Naticgal Laberatories (SNL) working on WIPP
Performance Assessment (PA) thal they require more information on certain TRU waste-reiated
parameters in order to assess their influcies on WIPP PA (see siached copy of relevant papes form SNL
memo}.

Data for most of these parameters have alrcady been received (rom the sites aither through respenses to

the Baseline Inventory Repon (BIR), Revision 2, questionnaire er by discussions with site

representatives, However, sincs the request from SNL for data on waler soluble arganic ligands (i.c.,

chelating ogents) was not reegived m ume for inclesion in the BIR Rev. 2 data eafl, WIPP PA still needs

data {or this psremcter. As per the SNL mamno, ihe data arc needed by the end of February 1996, and

therefore it is being sddressed through this request separatety from the upcoming BIR Rev. 3 data call.
e As doeumented in the SNL mamo, WIPP PA would likc 1o have “best estimates” that are realistic snd net
overly eonservalive. Conscquently, all sites that have existing data on chelating agemts present in their
waste are requested to submit the best available infonmation to the BIR techmeal sia{f by February 26,
1996. The details on the narure of the infermation being requested by WIPP PA are being provided in
Table 3 of \he attachment.

A representative from SNL WIPP PA will be gvailable at the upcoming IR, Revisicn 3, Data Call
Mecting Lo be held in Concord, California, on January 10, 1956, We anticipate that g brief presentation
will be made at this meeting by WIPP PA stafT explaining the importance of the data (ollowed by any
quesrions fram site Tepresantatives. [f you have snv questians/elorifications regarding this mauer, please
be ready wo discuss thesc at the upcoming meating in Concord with the SNL WIPP PA represenative.

Russ Bisping ; o \‘

Thank you for your contipued cooperation.

VWeste Certification Manager

Attachment

@ PAATR vt ey ] D2 RS



[N S G 0 |

B)

Lot L

UREL ENGLRUNMEN | RL RSSUC S@S 828 1342 P.1l0ZE
APPENDIX B .
Cacarvene 1908

Special Reguest Noa-PA [temx

Also wanted at this time is additionsl informmtion for several waste material
characrerisnes. Although these chargcteristics have not been idendfied as waste
rouzmial parametess 1o be used for WIFP PA, they are needed for non-PA wopmg
cziculalions to astess their influence an PA. Since these items are not curreatly PA
paramerery, inventory estimates of these characteristics as “additional informadien™
in the TWBIR or suppiied cuwide of the TWBIR viz wrinen conespondence.
Below you will find an itemized list of these special request itemns.

b))

2)

Noa-rsdagcttve Materials :

Additonal informarion is peeded on the five wane maerial characristics (see
Table 2): 1) vivified wases, 2) nivates (NO3), 3) sulfates (SOF7), €) phos-
phorus, and 5) comest. Of these waste paramerers, the last four are needed for
e gar gederston modeling. Tha nivaus and the suifuss ars invoivad is the
denitrificatian and sulfita reduction proessses which breskup the eehiglotics
while ghe phosphorus is 2 sutrient for biodecay of collulosics. The estimam of
the mass questities of cemenr in the wasts inveatory sheuld inciude both the

: mz“hmm&mucmwindffdmxabmm

et} and the crent found in varicus siudges. Cement consutnes CO; duc 1o
Its conzeat of Ca(OH), The estimates for this nos-radicsctive waste coasy-
tuent need only he “bext exdmates® a2 wis present Sme 30 that non-PA scoping
calcyisticas can be made 1o dearmine their imporgnce en averul reporitory
pformance. (Do pat geserate upper-bound estimares wat are overly conserva.
Hve)

Rasidoes

“Best extimares” are nexcled for residues, in sddition @ those Aready identified
at the Rocky Flus Plant (RFP). that bave the possibility of being changed
from 2 resource cazgory © A TRU waste curgory.

Qrysaic Ligands (Chelating Apcyts)

“Best sstimates®, Som curready svailshle information, are peeded fot majer
waer-sciuble orgasic ligands which are under considerxtion for the xetimde
soxiree teren (see Table 33 Hhhmpuﬁhhmubmn&uﬁmmxjur
waste generating sites thea supply gnidmzeahcw:&:t«ﬂcrem'mmy
be made (from existing information such as procest knowledge e} 30 thar
nan—PAswpintc:imdommbapafomed:nidn&ﬁrifzh:prmof
these ligaods woald have any significant impacss. (Do not generats estimages
bt are ovaly conpmvatve,) Requested data ks for fingl form “peocass-evel”
quantites used jn production only for the key sitse. If jnformation aa the
“process-fevel” values does not exixt a1 e key sites. then “Iaboratery-scyle”
vajues should be used in the requested assessment of e inventery, Should it
hdamineddmmor:dmﬂaiinfumxdaumorxmklipndsviuh
nedaiywwiﬂhcgivmaspnciﬁcwﬁmmqmunfutmdm Thls
clfort shauld be performed in parailel with the TWRIR. Technical dan shoald
be supplicd in memorandum ferm by the e2d of Februxry 1996 with support.
ing documentation by the end af March 1996,

-
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Tsble3. Justification of Special Request For Info
On Organic Complexing Agents. (a)

— — =—— = ]
Ligand (b) Ducmson (&}
e oS e e — =
1) Toul The most valuabie inforrmation & this time i3 2 “bexz estirmazs™ of the
Compiexants wul amoumt of wamr soiuble complexing agestz (ligands) in the
TRU wass mamit
2) Gmue Prefieinary informarion indicatrx thas citoate (cinic asid) may be the

largest used ligasd a2 TRU wante geperating sites. Hesce, invenscry
- quamutcs am very important.

3} Laczate Tlds is an imporeant ligand that is produced by bacteria as parx of iw
own mesholiem What i requestad here is 2 “hest estimae” of e
quantity of lacwte that actyally exists iz die TRU waste mamic (nct
Jus aa jnidal amount sopplicd a5 pat of 3 waste sqexmn). Howewer,
if this informstion cannct be developed, then supply informaden on
the iafisl amount

l 4) Ozaiste | Thix is an imporuar gund t is produced by becteria s part of i
own meabolism. What is requested bere is 3 "hest estmare” of G
quantty of oxalate thar acmally exisu in the TRU waoe matiz (not
just za isidal amount supplied as part of & wasie sgexm). However,
if this information esance be developed. then sopply information on
1the iy smoomt.

5} EDTA This ligwd (cthylenedisminesryaaceric acid } is also of major impor-
tance due 10 its comumon Use 25 a cleaaing 30lvent

e e —

(a) Information on these additional waste materizis xre neaded for non-PA scoping caleulstons
fmmdmwmmdmmmzwmw*
for the actinide sowree o With respect o incressing the solubilizy of radicauclides.

(b) These items are rankes in the order of ther impormner in the aczinide souree tern.

(€} Alsa supply eny availabie information that TRU waste generation sites may have on the
degradanion of decay rates of ligands in creat (asd expected) waste mamixes if petsible.
In cases where po informatica 15 available. supply guidance oo estimarag first-order
Quantitiss.

m——
——

LCS:6741:1e2/(95-2082)

Copy t0:

P.E. Drez [Drex Enviroomemal Assacates]

D. Bremee [Science applicaions Interaganal Corporation)

S, Chakraborti  [Science Applicauons Interagtional Corporation)
MS-1320. CF, Navak (Depr. 61151

MS-1328. H_ Jow [Depr, £741}
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ATTACHMENT 2
Los Alamos

NATIONAL LABORATORY
memorandum

Wasrs Measgerment and -
Enviroroments! Complisnce FromiMS: C.L. Foxx, NM1-7, MS ESQL C L
NMLT, MS ESMD honeAY: 7-2328/ 7-9201

" NMT-7-WM/EC-Y6-035
Symbal: \paceh 121996

Data:

Toms: Paul Drez, Drez Emviron. Assoc.
ther, James 1. Balkey, NMT-7. MS E5015 98

SUBJECT: CHELATING AGENTS IN LANL WASTE

1 am certain that T have not captured all chelating agents, but I believe that I have
identified and quantified roughly the important materiala. The chelators arc found in three
waste streams: 1} Cetnented evaporator bottoms from TA-SS

2) Cemented sludge from the TA-50 Pretreatment Plant and

dewatered dudge from the TA-50 Liquid Waste Treatment
Plant

3) Combustible waste from TA-53 i
The three streams are summarized below. :

It should be noted thst waste generation data and analyses exist over the time frame ¢
1980 through 1995 or shorter intervals to support the estimated vahies. In some cazes,
quantitative data is almost noncxistent and the results are qualitative at best. Like Rocky
Flats, plutanium processing al LANL atiempts to avoid chelating agents which can
interfere with recovery operations. From your list of compounds of interest, T am unaware
of any significant usage of lactate or EDTA, so they have been climinated from detailed
coasideration. | bave added ascorbate which has been used as 2 reducing agent in HCH
solutions, but not n nitric acid which attacks and decomposes ascorbate. One of the
ahove streams is not an immobilized stream, but I belicve that 1t is an important
contributor of 8 soluble chelating agent in the form of citrate. If this information is
extraneous (O your purposes, just ignore it

Cemented evaporator bottoms fram TA-55. The eveporator bottoms are derived from
nitric acid solutions some of which (27%) contain oxalate resulting from the precipitation
of plutonium oxalate. Because of the pervasive usage of oxalate, it is contained ag lower
concentrations even in those solutions that do not arise from filtering an oxalate
precipitate. Those numbers are based on analytical results. In addition the drums contain
on the average, 3.2 liters of analytical solution residues. Those solutions contribute a
negligible additional quantity of oxalatc and small quantities of ascorbate, citrate and
acetate, We have semi-quantitative values from the analytical organization for those
chelators, based on the quantities used in the analytical processes that give rise to the
residucs, We know that 28 liters of solution went intg a drum of cemented waste on the
average from 1980 through Junc of 1988, Since that time, the average has been 43 liters
of solution. Tn addition we have information regarding the number of drums generated
from May, 1987 through April, 1595, The drum numbers and alternate cemented forms

MAR-13-199% Guiod TR
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Paul Drez 2

March 12, 1996
NMT-7-WM/EC-96-035

for the remaining years are estimated. The totals based on thosc data and estimates are

shownhere.  oxalate i600kg F0.0y /%2.04 = /83L
ascarbate Tkg 7609 /175./¥ - 7.0 ~7
citrate 0.5kg  re0.14/1900v s 0.5 x6.5
acetate 10kg &o.05/5%.05 x 10

Cewmeated sludge from the TA-58 Pretrestment Flant and dewatered siudge from
the TA-50 Liquid Waste Treatment Plant. Based on experience at the liquid wasts
treatment plant with upsets in the eatment process due to the presence of chelators in the
waste stream, it has been assumed that TA-55 is the only significant source of chelating
agents in the shudge genesated at that facikity. Three waste lines caory bquids fiom TA-5S
to TA-50. The industrial waste line is thought to be reasonably free of chelating agents.
The evaporator distillate in the process acid waste line is unlikely to contam significant
quantities of chelators because the distillation proccss creates a sharp reduction in the
contert of nonvolatile solution species.

The proceas caustic waste e solution is dominated by oxalate fltrates in bydrochloric

acid that have beer wibjected to caustic treatment and filtration. Under the conditions of

that treatment the oxalate and ascorbate (used historically) are soluble and follow the

schition to TA-50 for a ferrofiocuistion treatment. The sotution is used 1o neytralize the
nitric acid distiliate. Because there 1s an excess of nitric acid, the neutrahzation is .
completed with the addition of stock sodium hydroxide. I have assumed that the short

tarm excess of nitric acid decomposes the ascorbate lesving only the oxalate. 1 have

estimated the oxalate concentration in the hydroxide filtrate at 0.075 moles/liter. 1f this

mumber drives the calculation mmweshouldmpicthemhnmmﬂcmhn!dmg

tank 2t TA-S0 and get uc;rtumtmvn:inc

Yolumes of canstic solution gcnu'n:ed by TA-$5 were svailable for the years 1983 and

1986 thraugh 1992. Volumes for all othes years were estimated. 1am gssuming that the
oxalate will appear in the sludges due to the low solubility of calchm oxalate and because

the floculations have relatively high concesurstions of calcium. I sddition magnesium and
aluminum oxalatcs are insoluble in 2 caustic environment. The oxalate precipitates will be

found in the cemented sludge, whenover genersted, and in the dowatered shidge from the e,
carly and middle 80's. These oxalates will also be found in the cement-filled cormugated P
metal pipe (CMP) waste stream genevated at DP site when plutonium operations were Ao bR
located there. The total of oxalate in those waste streams is 11,800kg = /2070 N

Combustible waste from TA-55. The combustibic waste stream contains rags that were
used in decontamination and spill clean-up operations. In spill clean-up the sags from the
first pass are neacly always TRU waste a3 measured on our MEGAS assay instryment.
The rgs are dampened with a sohation labeled “versene”, Versencis s name for EDTA.
In the very carly days of the laboratory versene solution may have cortained FDTA, but it
had been changed 1o sodivin citrate solution by the time I arrived in 1969, Drums of
combustible waste do not usually comain only decontammation rags aad often contan no
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Paul Drez 3 March 12, 1996
NMT-7-WM/EC-96-035
such rags. However our Wastc management personnel apparently used & unique identifier
over about & four year period {1987 10 1991} for the decoatamination rags. Fach item
alsa had a net disposal weight associated with it. Thus I was sble to get & handlc on the
weight of decon rags generated T that time frame. The rags were discarded not dripping
but distinctly damp. I dampened some chersecioth, weighing before and afer, to extimate
the weight of solution contained in the rags. Knowing the weight of solution and the
concentration of the citrate, I was able 1o calculate a weight of citrate in the discarded
rags. In May, 1991 the usage of citrate for decontamination was restricted to certain
malsices. I was able 10 focate records for versene solution preparation from 1989 into
carly 1991 and then again for the past year 3o I could ynderstand usage before and after
1991. From that I have estimated the usage for the remaining yeats. With that
information, [ have estimated that the citrate contained in the combustible waste stream
from 1971 102033 will be 1100 kg.

- Cy: Andy Mantaya, NMT-7, MS ES0]
NMT-7 Fiie
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ATTACHMENT 3

N

Rocky Flats Plant ~ - _
Aerospace Qperatices . .. %
Rocioweil internatonal Carporadon TRt ‘
P.C. Box 464 N ’ )
Golden, Colorade 80402-046< S ’
£303) 965-7000 R /
Contracter to U.S. Department of Energy \ o

SEP o 1 'TES

Edward S. Goldberg
Acting Area Manager, RFQ

Attn: Mark Van Der Puy

APPLICATION TO SHIP SALTCRETE

Attached s a copy of the re-formatted Application to Ship Waste

for saltcrete. This application addresses all the comments from
the Nevada Operations 0ffice document attached to your letter
1245-RF-89.

Please refer any questions regarding the attached application to
E.L. D’Amico at.(303) 966-5362 or P.M. Arnold at FTS 320-2056.

=

W.F. Weston, Director
Piutenium CGperations

Orig. and 3 cc - E.S. Goldberg
Enc.

89-RF-3055

P.177259
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Table 8 {continued)

SPS 928 1342 P.18-26

Reference Documents/Results Outiining Compliance

Gases

Stabilization

Etialogic Agents

Chelating Agents

Not Applicabie

KO-5004

Not Applicable

Quantity and type of
compiexing agents
used per year at
Rocky Flats:

Ascorbic Acid:

4.5 kg
Acetic Acid:

8.6 kg
Sadium Acetate:

55.5 kg
Citric Acid:

4.5 kg
Sodium Citrate:

20.0 kg
Oxalic Acid:

4.5 kg

£0TA: 1.15 kg

to the General Waste Form Criiferia

Boxes," specifies Waste
Operations personnel to
visually inspect for and
TEemove ahy excessive
particulate from each
stored saltcrete box.

Saltcrete is net a gasequs
waste and does not contain
radicactive gases.

As described in W(Q-5004,
"Waste Treatment Spray
Oryer and Salicrete
Process,” cement is added
to the salt waste stream
to immobilize the
particulate, solidify the
liquids and moderate
oxidizing characteristics.

Saltcrete does nol contzin
pathogens, infectiocus
wastes or other etiologic
agents.

Between 5/15/87 and
5/7/88, %17 triwall boxes
of saltcrete were
produced. The estimated
saltcrete generation for
any given year is between
1200 to 1600 triwalls.

The average net weight of
one triwall box of
saltcrete is approximately
1600 pounds. Total weight
of saltcrete produced
between 5/15/87 and 5/7/88
is 917 boxes * 1600 pounds
® 1 kg/2.2 pounds =
6:67%10° kg. As a worst
case, if it is assumed
that all 106.36 kg of
complexing agents are

APPLICATION TG SHIP WASTE

SALTCRETE

Page 20
August 1989
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GCD Waste

Bulk LLW
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Table 8 {continued)

o> 828 1342 P.1SsEg

Reference Documents/Results Qutlining Compliiance
to the General Waste Form Criteria -

8-Hydroxyquingline:
2.3 kg
Tributyl Phosphate:
3.7 kg
1,10 Phenanthroline:
0.012 kg
dihexyl-n,n-
diethylcarbamayl
methyiphosphenate:
3.5 kg

Total: 106.36 kg

Not Applicable

Not Applicable

Additional Mixed Waste Form Criteria

disposed of with the
saltcrete, then,
106.36/6.67*10°=1.53*10"*
is the weight fraction of
the complexing agents with
respect to the saltcrete.
Therefors, Rocky Flats’
total yearly usage of
compiexing agents ameunts
to only 0.0159 weight
percent of the total
szltcrete production
between 5/15/87 and
5/7/88. This extremely
conservative estimate is
well under the NTS limit
of 1 weight percent.

Saltcrete does not meet

any of the guidelines to
be identified as a GCD!

waste.

Saltecrete is not a bulk
LLN.

Table 9 references the documents (procedures, specificatiaons,
etc.) or test/analysis results that specify compliance to the
Additional Mixed Waste Form Criteria outlined in Section 2.2.2

of NV0-325.

Lriterion
Treated Waste

Table S

Reference Documents/Results Outlining Compliance
to the Additional Mixed Waste Form Criteria

Lompliance
Documents or Resulits

Not Applicable

Comments
Saltcrete is a treated
waste that meets the land
disposal restrictions and

APPLICATION TO SHIP WASTE
SALTCRETE

Page 21
August 1989
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ATTACHMENT 4

Westinghoyse ?0 Ba 616
Savannah River Company hiten. SC 23802

February 28, 1996

SWE-SWE-96-0106
FrAWSWESCI/ARNR
Response Required: N/A
Key Words: TRU Waste
Record Retention: Permanent

Jim Teak

Advanced Sc¢iences, Incorporated

6739 Academy Road, N. E.
Albuquerque, New Mexico 87106-3345

Dear Mr. Teak: _

] .
RESPONSE TO THE TWBIR MEETING MI ES REGARDI HELATIN
AGENTS AND N TE STABILIZATION

The Savannzh River Site (SRS) has reviewed its waste practices to determine whether chelating
agents are present in retrievably stored TRU waste, SRS also has reviewed these practices to
determine whether concrete has bean used to solidify/stabilize TRU waste. These reviews
revealed that SRS TRU waste steams do not currently contain chelating agents/complexants
nor has SRS used concrete to solidify/stabilize TRU waste.

The Separations processes and tie analyticaliresearch laboratories at SRS have used chelating
agents in the separation of plutonium from irradiated uranium and other materials. For
exampile, tri-butyl phosphate (TBP) is the complexing agent used in SRS's PUREX process
and many other laboratory processes. Also, agents such as wi-octyl phosphine oxide (TOPO)
and tri-iso octylamine (TiOA) have been used or investigated through the years. However,
none of these chelating agents/complexants has eatered SRS TRU waste. The complexants
are dissolved in organic solvents for use as liquid/liquid extractants in the separation process.
These solvents are recycled until depleted and thern discarded to SRS's soivent waste tanks in
the Waste Disposal Facility. This means that SRS organic liquid sueams have not entered the
production lines (e.g., HB and FB-Lines) where most of SRS TRU waste is generated.
Further, a small amount of liquid TBP containing TRU nuclides is generated by SRS
laboratories. This laboratory waste is discarded to liquid waswe swcams. which are eventually
disposed in SRS's High Level Waste Tanks. So, none of these liquid streams thar contain
complexants have cptered SRS solid TRU waste sireams.

SRS has not used concrete to solidify/stabilize TRU waste. The processes that generate
slurries, which require stabilization, do not contain TRU radionuclides (e.g.. plaling of
depleted uranium). For other processes that generate slurries, the waste is disposed in SRS's
High Level Waste Tanks. Even the Low Level Waste (LLW) sludge generated by SRS's )
Effivem Treatmem Facility (ETF) is disposed in the Iligh Level Waste Tanks and is eventually - N
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i Teak
SWE-SWE-96-0106
[Page 2

led to SRS's Saltsione Facility or the Defense Waste Processing Facility (DWPF). Finaily, SRS
uoes not cxpect 10 generate TRU waste containing <¢helating agents nor anticipate using
concrefe 10 solidify/stabilize TRU waste in the near-future, :

Please direct your questions 10 L, Williams (803) $57-6759.

Sincerely,

M
Joseph A. D'Amelio

TRU Engineering Manager
JAD Iw

cc: A. Gibhs, T24-21E
W. T. Goldston, 705-3C
F. H. Gunnels, 705-3C
S. J. Mackmull, 703-A
S. J. Mentrup, 724-21E
D. Ormond, 703-A
L. Williams, 705-3C
Records Management, 705-3C
SWE Files, 7058-3C
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ATTACHMENT 5

———— PR
- — ——

Te: L. C. Sanchaz, SNL January 25, 1958
Thru: Shella Lo, CTAC

A®C,
From: F. M. Coony and M. R. Kerms, Menford Site

RE: Additional TRU Waste Data Requsst for Sandig Natiena! Laborutoriss’ Waste iscistics Pilot
Plan Performanca Assagsman

Referances. 1) Memorandum, Ruas Bisping, DOE/CAQ to Distribution, same subject, datsd
Januery 5, 1988,

ra) -Trip Repert, B M. Coony 1o K L. Hisdek, January 15, 1998

The Refersncs { memo raquests additiona! data on wasts sciubie organic ligands (L. chelsting
agents) from tha genergting silns by Fabrugey 28, 1698,

Hanfed's appeotch for respanding 10 the add®ional dats raquest x presarnded in the Refgrencs 2
trip report. The first Xem of this apomach i fo provida SNL, through CTAC, e list of all
hazardous constituerts, and their quantitles, that have hean reparted In solid TRU wasle at
Hanford since 1887, the data of the By-Product Rule.

The Bist of hazardous constituents and thelr quantities, from Hanford's recond contalner tracking
Sysism, afe presentad In Tabie 2. The chemical names have besn trusicated to 30 chargcters,
Hanford tsn provide compiste names If nesded. in some cases, the constituent is listed mare
then cnce because (he canstiuent [s spelled differartly in the contalner tracking systeam, A
quantity of 0.0Q kg msans typicsly that the constituent has been idsntified solely bscausg R is 3
listod hazardous waste under RCRA. In thass cases, the quantily Is either absent or minimai.

Plsass svaiugte the st of conatiuants, and indicsts, inn the space providad for each constituent,
¥ the consiftoent Is 2 soludis organic Bgand. The suggested nomancisture is the Tollowing:

+ NiA {meaning not seicbis organic legand) |
- C {meening dirsle

e L\ T {meaning iatats)

v OX (mesning txalats)

EDTA  (meaning sthylensiaminetetrascacid acids
Please indicate any cther relevant Information by fostnotes.

To meet the requssied dus dats, pleass providg a response (o me (by fax) no later than
Fetryary 5, 1998, Pleasa copy CTAC on e response.

If you have any questions, please comac Mike Coony at 509-378-8774 or Mark Kerns 3t 509-
372-2383.
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lelc 2 Qumﬂtiu a! ?-hnford C-onsti'luants

14 1-TRICHLOROETHAN )
2-BUTOXYETHANGL 0.02
ACETONE . 0.00
ACID 0.1
ALUMINUM NmuTE .10
ALUMINUM NITRATE MONOHYDRATE 380
AMERCOAT 234 0.05 R
AMMONIUM CHLORIDE 0.0Y
ARSENIC 0.02
ASBESTOS *7 00
BARIUM CWT
BERYLLIUM 017
BISE-ETHYLHEXYL)PHTHALATE 082
BISPHENOL A RESIN .54
SUTYL ALCOHCL o.41
BUTYL GLYCIOYL ETHER 0.1
CADMIUM " 9947
CADMIUM HYDROXIDE 0.10
CALCIUM .83
CHLOROFLUOROPHCSPHATE

CALCIUM HYDROXIDE 0.08
[CARBON TETRACHLORIDE - 3768
CARBONT ETRACHLORIDE 8550
CHLOROFORM 0.00
CHROMIUM 1452
COPPER .00
COFPER SULFATE 0.38
CREBYLIC ACID 0.00
CUPROUS CYANIDE 6.1
CYANIDE 8OLUTIONS ' 01
CYCLOHEXANE 5.00
DIR-ETHYLHEXYUPHTHALATE 0.08
DIOCTYL PHTHALATE 0.60
DIOGTYL PHTHALATE 0.20
DIOCTYL PHTHALATE (DOP) 347
ETHANGL 0.20
FERRIC NITRATE FEY)
FORMIC ACID 0.z1
HEXONE 6.0
HYDRAULIC FLUID 328,20
RYODROCTHLORIC ACID 8.07 Bl
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KEROSINE eQa

(EAD 3.915.59

LEAD ACID 6.27 T
LEAD CHROMATE 2897

LEAD CHROMATE CXi0E 1.5¢

[LEAD CHROMATE,CHLORIN. PARAFFIN 133

| LEAD CHROMATES 0.0%

L EAD SHIELDING $,567.50

LIGHT AROMATIC NAPHTHA _ 0.3¢ N
MERCURY 1.5¢ T
MERCURY METAL 0.00

METHYL ETHYL KETONE 0.00

METHYL ISOBUTYL KETONE 0.60
METHYLENE CHLORIDE 303 -
NICKEL HYDROXIDE 0.10

NITRIC ACID ' 121

oiL 0.00

PCcB 130.13
PHOSPHGRIC ACIO °33

PHTHALIC ACID BENZYL BUTYL EST 5.00

PHTHALIC ACID BIS{Z-ETHYLHEXYL 0.00

PHTHALIC ACID, BIS(2-ETHYLHEXY 0.05
POTASSIUM CYANIDE 021
POTASSIUM FLUCRIDE 0.00
POTASSIUM HYDROXIDE 5.30 o
' RESIOUAL TANK FARM CORE SAMPLE 380

BELENIUM 1.10

SILVER 0.0

SO0IUM LX)

SODIUM CYANIDE 0.21

BODIUM FLUCRIDE : 1.08

SCDIUM HYDROXIDE 2431

| SODIUM NITRATE 173.00
[SODIUM SULFATE 192
STRIPCGAT 34.04

SULFAMIC ACID 0.04
ISULFURIC ACID 153

THENOYL TRIFLUORCACETONE 0.0a

EBI BUTYL PHOSPHATE 48.30

TRIBUTYL PROSPHATE. FERTY
TRIBUTYLPHOSPHATE g.07
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TRISCOCTYLAMINE 000
TRIMEYHYLBENZENE . 101
TRIOCTYLPROSPHINE OXICE 0.00
VANAGIUM PENTOYIDE AQUECUS 0.29
SOL

XTLENE 23
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ATTACHMENT 6

E Lawrence Livermore National Laboratory

WASTE CERTIFICATION PROGRAM
WCPS6-055

March 7, 1996

Jim Teak

Advanced Sciences Incorporated
6739 Academy Road NE
Albuquerque, NM 87109

Dear Jim,

This is in response to the CAO request concerning the presence of organic
ligands (chelating agents) in TRU waste. I have consulted with Joe Magana, a
chemist working in LLNL’s Plutonium Facility. He tells me that there are no
chelating agents in LLNL's TRU waste.

Sincerely yours,

. kol

Kem Hainebach, Ph. D.
Waste Certification Engineer
Environmental Protecion Deparfment

KH:ih
¢ Robert Fischer

®

Fexyched

Anfq:.rl CIpporondy (1l qaee » neeepzgye of (2o = (2 () Hox MR apaanre, (23 54551 350 - Telephone (5200) 422 1100 = Lyrx 910 1G0T (K ur IR
RIS EORE P o A SR A [ R R SR g A

TaTaL F’ 45



Me—2d—195h  148:68

ociates S B

DATE: March 20, 1986

DREZ ENUVIRONMENTAL RSSOC

SES 828 1342

P.B1/26

TO: COMPANY FAX NO. CONFIRMATION NO.
RUSS BISPING CAD 505-887-0707  505-234-7446
MARGARET CHU SNL/NM 505-848-0518  505-848-0778
JOE HARVILL ASI/CTAC 505-887-5494  505-885-4218
LARRY SANCHEZ SNL/NM 505-848-0705  505-848-0685
{GIVE TO JiIM NOWAK)

LENNY STORZ SNL/NM 505-848-0881 505-848-0877
SAYAN CHAKRABORTI SAIC 505-842-7798  505-842-7816
SHEILA LOTT ASI/CTAC 505-823-6830  505-823-6873
FroM: PAUL DREZ PAGES TO FOLLOW: 25
SUBJECT/PROJECT: FINAL PRELIMINARY COMPLEXING AGENT MEMO
COMMENTS:

THESE ARE THE FINAL NUMBERS FOR THE COMPLEXING AGENTS. SNL/NM SHOULD
USE THESE NUMBERS IN THEIR CALCULATIONS. THE ONLY NUMBER THAT HAS
CHANGED SINCE THE MARCH 13, 1986 REVISED MEMO IS THE TRIBUTYL
PHOSPHATE (INCLUDES ESTIMATE FROM HANFORD}. | AM SENDING THIS MEMOQ TO
ALL TRU WASTE SITES THAT CONTRIBUTED DATA FOR THEIR REVIEW (A SEPARATE
FAX SHEET!. COMMENTS ARE DUE BACK COB THIS FRIDAY FROM EVERYQONE TO
ME. THIS 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
AFTER RESOLUTION OF COMMENTS WITH THE TRU WASTE SITES.

PAUL

P.S. ATTACHMENT 3 HAS BEEN INCLUDED WITH ONLY A FEW PERTINENT PAGES
TO CUT DOWN ON THE FAXING OF PAPER!!!H! |

if you do not raceive all pages, please call:

Paul Drez

Drez Environmental Associates

8816 Cherry Hills Rd., NE

Albuquerqus, NM 87111

Phone: (508) 828-9857 FAX: (505) 828-1342
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Sandia National Laboratories

Albugquergque, New Mexico 87185-
date: March 27, 1996

to: CraigF. Novak 7

from: Ruth Welner

subject: Dissolved ligand concentrations

Ligand concentrations (acetate, citrate, oxalate, and EDTA) in the inundated
repository were calculated from the “final preliminary” memo of Paul Drez to
Joe Harvill 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
29841 m’ - as per the memo from Kurt Larsen to Vann Bynum of Marck
13, 1996. The table below summarizes the calculation:

‘Inventory [Repositor :Molanty inventory -
grams igll . i x 2.05

“acefate ’ 2520’00—0"04'1 9756 0 000518 0} O'O"IDB“E

— 1::ltrate 158905001 _0_053259“_0 000227“0"'000465
oxa]afe 3798000, 0.462377" 000381270 Do7aeS
EWA_"‘“_ZBOUO—O 000771 "2.03E-08” 436E-08T T

The numbers in the second column -- “Repository g/L” -- were obtained by
dividing the numbers in the first column by 29.841 x 10° liters. The molarities
were obtained by dividing the numbers in the second column by the appropriate
molecular weight,

CC:

E_J Nowak .
R. V. Bynum | ;‘3
C. C. Crafts ' /
J. T. Holmes -
M. S Y. Chu

M. Siegel

SWCF-A: WBS 1.1.10.1.1:-AST:NonQA: Actinide source
: term:chelatorszligar_z_cis,r

Exceptional Service in the National Interest
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United States Government Department of Erergy

- Carlsbad Area Office
m e m 0 ra n d U m Carlsbad, !a\lrew Mexico 882121

oare.  April 4, 1996

REPLY TCQ
ATINOF: CAQO:NTP:DW:56-1126
SUBJECT: ) ]
Estimate of Cement Content in TRU Solidified Waste Forms Scheduled for Disposal in
WIPP
TQ:

Les Shephard, Director, SNL

Attached 1s 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 8.54E+06 kg. Dividing this value by 6.2E+06 ft* (-175.600 m®), 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/m’. 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 perform a sort 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:

e Data about most Rocky Flats wasie streams (both residue and nonresidue 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.)

L The Solidified Inorganic waste streams listed from Savannah River Site are all
vitrified and therefore do not comain any portland cement. A total of 20 waste
streams were eliminated because of this constraint.

@ prnted on recycled paper



Les Shephard 3

If you have any questions concerning the attached information, please comtact Mr. Russ

Bisping of my staff at (505) 234-7446.
éon Watkins

Manager
National TRU Program

Artachmenmnt

cc w/attachment:

M. McFadden, CAO

K. Hunter, CAO

R. Bisping, CAO

P. Drez, CTAC
/J. Harvill, CTAC

L. Sanchez, SNL

M. Chu, SNL

M. Marietta, SNL




Calculation Summary

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+4+06 + 2.05(1.34E+06) + 5.05E+05 = 8,54E+06 kg portiand cement
The total density of portland cement is calculated as follows:

8.54E+06 kg/175,600 m* = 48.6 kg/ m® portland cement

Attachment | of 4



Table |.

W48 1012
-W353.859
Wi59)7

Estimate of Portland Cement in TRU Waste for Disposal in the WIPP

cation Cmmckgzm‘)/ |_Stoxed (m’) | Proj Total kg Prejected kg
n
.iencapsulated metal{Z) _nfa
i IEANICS. .icvaporitic salt/slud c(.‘!) ___13 1.8 1.8 263.16 131.58
_iSolidified lonrganics. isludge/particulates(3) 73. 0 0.9 65.79 65,79
s3olidified Inorganjes .. . BIR 215, 433 0 545].67 (
....... Solidified Inorganics ... iBIR 92.6 2] .4 0 931.64 0
...... ISOIKIIﬁQd lnarganics. . BIR 396.6 175. 0 69523.9 0
iSolidified Inorganics.. .. Bll_l 396.6 86].5 206.5 423568.1 81897.9
....... Solidified Organics... ... iresins(3) 73. 36 0 263.16
...;30lidified Inorganics . . iacid lab packs(3} 7. 4.8 0 350. o,
... Solidified Inorganics. . ... jevaporitic salt/sludge(3) 73, i [i
...... Solidified Inorganics.......... initric acid liquids(3} 13. 0 0.4 29.24 29.24
i S0tidiGed lnvrxamca.,......‘..mﬂlm IN-W216.98 213 § 2.3 0 629.74 0
.iSolidified Inorganica . ievaporitic salt/sludge nin
Solidified Inarganics. .A_hlil 13.1 0.7 0 5117 0
olidified knarganics iBIR 73.8] 16 0 1130.3 0
olidified Inorganjes. :BIR 83.6 56.8 1] 47484 0
.iSolidified Inorgenics ... (Florco(4) n/a
...... Solidified Inorganics . .. [Elorca(4) _n/al
,,,,,, Solidified Inarganics.......... (Florco(4) n/n
...... Solidified Inorganics.. ... iFlorco{4} n/a
...... Sol dxf‘od Inorganica. . iBIR(35) 394.2 4.6 g 1813.37 0
....A.Sol dified Inorganics.......iB 1(‘) 325 .3 0 487 3 [V
ASolidified knorganics. BIR 308.8 9.6 0 2964 .4
Jolidified Inorganics. .A__umcd iN-W222.116 102 0.7 [ 71.4 0
dified Inotganies... ... ;BIR 308.8 1 0 308 0
dificd Inozganics........ .BIR 83,3 ] 0.7 131.8 131.8]
s3olidified Inarganics.. BIR 08, 1478.9 Q] 4566843 0
____________ dified Inorpanics  iBIR 213, 555.6 Q 152123.2¢ 0
...... Solidified Inorganics.. .. iAssumed RF-MT0007 130.6 0i.9 [i 3308, 14
... Solidified Inorganics........... Grinding Sludge(3) 13.1 ] 0 68,13 C
igolidified Inorganics........... BIR 27.6 122.¢ i 3389.2 0
...... Solidified Inorganjes........ ;BIR 308.8 4; 0 36798.4 i
.. :Solidified Inocganics . :BIR{6) 127,673 11.6 ( 1481.006 0
..... Solidified.lnarganis........ ;BIR(6) 109.129 3.6 0] 392.8644 0
.ivalidified lanrganics........... BIR 103 4,7 25194 0
...... Solidified Inorganics _:BIR 3.6 0.6 ( 1225.3¢ i
Sohdnt‘ ed Inocganics........ .. ‘BIR 1.7 287.3 i] 33815.2 0
:Solidified Inorganics. .. BIR 32.8 608.8 80848.64 0
ESol!dtl‘wd knorganics......... ino solidification used n‘a 5
olidified. Inorganics ;Dintomaceous earth(7) nia
olidilied {norganies.......... ino solidification used n/a _
olidificd Inerganiss, ‘Wet Salt-Assumed INW216.875 308.8 0.4 0 123.52 0
olidified Innrgani Plaster(8) nfa -
Aolidified Inorgenies . Plaster(8) nig
...... solidificd tnorganics......... | Yermiculite(9) nia .
..... Solidified knorganics. ... Yermiculite(9) n/a ] N
..... Solidified Inorganics.......... [ Particulates(3) 73, 2. 0 168.13 B e
...... Selidified Inorgan ﬁa............l_-l_quld(:ﬂ 71 N 0 3147 0
Solidilied Inorganics.......... ;Liquid(3 73, 0.2 1] 4,62 i
i8elidifed, nnrxnmcs..........ﬁt__aJ_me- ssumed JN-W216.875 308, ¢ 4.5 ) 1389, 0
iSalidified Inarganics.......... (10 69 30533 553.3]  2499512.4 3834369
______ Solidified Inorganies.. . i 0} 645.9 1079‘ YA 359.1] ]058363.64 361122.69
...... Solidilied fnorganics..........i(]0) 508, 301,777 839.9] 380086.236 42679319
e iS0lidilied Inarganics. . i(10) 314.4 4,228 8] 44096,94 41923.6
Solidilied Inorganics (1N i 144 . 2008 580




)
Table 1.

)
Estimate of Portland Cement in 1'RU Waste for Disposal in the WIPP

PP T WAt Ty E HRAGRINGT:  FIR W ae SRR Solldiffcatio Cament |I(g[m’i [ Stored (o) | Projected (w) | Lotal Projected kg
i JRU 5 Seolidific anI'&MIQF... Sludge - Assumed IN-W179, 1084 3947 4.2 Q 1655.64 Q
Solidified Inorganics . iFlorco(4) n/a
... iSolidified lnorganics. .. ... .iMainly debris n/a
..nolidified Inarganics........ .BIR 187.6 3. 0 694,12
... iSolidified Inorganics....... iBIR 30.6 . 0 04.4 0
...Solidi{ied Inorganics........iBIR 193.8 65.5 38, 20232.72 7338.82
...50lidifieqd Inarganics .. iBIR 55.6 2.9 2. 278 16
...nolidilied Inorganics.......... .BIR 11.7 73.4 41.6 32455 2982.72
. iSolidifjed Inorganica.... ... iPanticulate(3) 73, 3.5 0 55 83 0
,..Athdm;d‘lnmamica... .;BIR 13. 0 1110.7 81192.17 81192.17
Solgdlﬂed Inorganies . iBIR 17.3 7. 23, 5283 404.25
Solidified Inorganic BIR 3 0 202.3 14780.83 1478083
Solidified Inorganic iBIR 140.2 0.6 0 84,12
Solidified Inorganic _iBIR{6} 68.32 7.5 6 2788.72 1776.32
Solidified Inorganics . . Vermiculite(9) n/a
w8 0lidificdd Inarganics........... Yermiculite(9) n/a
_.iSolidified Inorganics _ :Vermiculite(d) nfa
dokidified Organics.........; iresins{3} 73, 0.2 1) 14.62 0
Solidified Qrganics._.... ....BIR(6) 187.88 49.9 0 9375.2]2 0
Solidified Qrganics. ... BIR{6} 212.768 163.7 0| 34830.1216 0
.. iSolidified Organjes. ... Envirostone(] 1} nfa
Solidified Orgenics. ..iEnvirostone(11} n‘a
Solidified Organics ..icalc-silicate(12) n/a
olidified OQcgani _icalc-silicate{]2) nia
Solidified Organic calc-silicate(]2) n/a
Solidified Qrgani resins(3) 13. 39. 1] 2858.71 1)
S9] dm@q Organics. _iresins(3) 13 1.5 0 840.65 C
.. i5olidified Qrgnnics. ... resins(3} 13, D 5117
-.iaolidified Qrganics............ resins{3) 13. K 0 5.03 0
... i8olidified Orgonica. ... i(10) 693 5 29.1 2]205.8 20166.3
.iSalidified Organics . iEnvirostone(]]) n/a
'Sol dified Organjes.........icalc-silicate(12) n/a
..iSolidifled Qrganica_... {Envirostone(11} n‘a
Solidified Drgonica.___...... Oil Dri(13) n/a
Solidified Organics ... (BIR K¥] 0 152 1126.4 1126.4
..inolidifted Qrganics. ipaint{14) n/a
Solidified Qrganics ..iMainly debris _ n/a
Solidified Qrgani ..iConweb pads(]3) n/a
Salidilied Organics . . Qi Dri{1}) n/a
_inlidified Qrganics... ... ... iConweb pads(15) n/a
solidified Organigs ... PCB waste(16) n/e
Solidified QI'IMIICH.......‘,.. PCB waste{ ] 6} n/a
Solidified Oraanics . iConweb pads(]3) nia
. i9ohdified Qrgnnics. . iDistomacecous earth(7} nia
gg.lligipﬁ.grxminn .............. Conweb pads(15) n;u
olidified Qrganics. ... janimal waste nle v
i3olidified Qrganics. . ... Yermiculite(3) n/a
wolidified Organics.._....... Diatomacegus (7} /e
RH-TRU Total 505118.2 82095.21
CH-TRU Tota! $282085,787 134406|.99Ikg
stal Cement equals Stored + Projecied plus 2.05 vimes Projected for CH TRU 7 TOTAL SCALED 8542531.067 kg
_plus Stored + Projected for RH-TRU | [ . I
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Table 1. Estimate of Portland Cement in TRU Waste for Disposal in the WIPP

%05 1R TR R P T

PRI N R O A T R T

B

)

dification — [ Coment (kg/m’) |

[ _Stored (m") | Projected (m’) Totalkg | Projected kg

) Salt waste, does not contain any postland cement

') Encapsulaled metal wasle, dogs not contain any portland cement

) Assume RF-MTOBO06 for finel form cement density

1} Florco (clay) is used as sorbent not portland cement

) The portland cement for this waste stream in the BIR occucs in the "Othe

t [nerganic Material”

5) Only 61% of the solidilication agent reported as cement in the TWBIR is

ortland cement

') Diatomaceous earth is used as the sorbent in this waste stream

) Plaster of Paris used as solidification agent l

5) Vermiculite used as sorbent in this waste slream

0) Basis for portland cement are values reported in TWBIR supplemented with information provided by LANL

for previous WIPP memo on nitrate, sulfate, and phosphate

1) Solidification agent is Envirostone (a gypsum-based process) that does not contain portland cement

2) Solidification agent is a calcium-silicate process that does not use portiand cement

3) Qil Dr-i?;_a;od as sorbent I J

4) Solidificd erganics is print, contains no portland cement

|5} Solidilication agent/sorbent is conwed pads (plastic fiber absorbent) +/- vermiculite

6) PCB containing waste, excluded from current WIPP inventory

|
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CTAC MEMORANDUM i,
"o,
To: File -
From: Paul E. Drez, CTAC £ &
Subject: Preliminary Estimate for SNL/NM Performance Assessment Caiculations 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 transuranic (TRU) waste destine for transport to
and disposal in the Waste [solation Pilot Plant (WIPP) has been estimated based on data from
the TRU waste generator/storage sites. The average density scaled over the entire WIPP
disposal inventory is 9.24 kg/m’ for nitrate and 3.60 kg/m’ 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 Laboratories/New Mexico (SNL/NM) has requested an estimate of the
amount of nitrate, sulfate, and phosphate expected to be in the transuranic (TRU) mnventory
destined for transport to and disposal in the Waste Isolation Pilot Plant (WIPP)(Appendix B;
DOE, 1995) The remainder of this memo describes the methodology and data used in order
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 from sites based on solidified inorganic and solidifie .‘_/
organic waste forms only, and is the best available data from the TRU waste s
generator/storage sites:

- The main source of nitrate is anticipated to be from the solidified inorganic

1



waste forms, which in most cases, are sludges produced from the neutralization/
solidification of nitric acid-based solutions used at the TRU waste
generator/storage 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 msufficient data 1s
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 and/or organic solutions/
sludges at some TRU waste generator/storage sites.

- No quantifiable sources of phosphate have been identified in the inorganic
solidified final waste forms at present. Trace quantities might be expected in
-some of the sludges and solidification agents, but no supporting analytical data
1s 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.

GENERAIL VOLUME CALCULATIONS
Nitrate

The amount of nitrate is estimated on the basis of the volurnes 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
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 Sohdified
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 (RFETS) and Los Alamos National
Laboratory (LANL) have provided analytical data/estimates for nitrate in Solidified
Inorganics. The RFETS data has been used also for the RFETS waste stored at INEL.

Sulfate

. 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 m’ in storage at
LANL) but plan to eliminate the process in the future and only use portiand-
based cement for solidification (as was used in the past prior to usage of the
Envirostone)

- Since the mid 1980’s, RFETS has used an Envirostone solidification process
for their organic sludges. Therefore, some of their waste in'storage and
projected contain large amounts of sulfate, as well as some Solidified Organics
in storage at INEL. S R

- LLNL is the only-other TRU waste site known to be using'E!ivimSto'ne for the
solidification of organic liquids/sludges (approximately 7 m® stored/projected).



NITRATE MASS CALCULATIONS

Tabie 3 contains in Column 1 a list of those waste streams that contain the volume of waste
from each TRU waste generator/storage 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 and/or stored at INEL. The RF111 designation is for Content Code 111 from
RFETS, 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 material parameters (WMP) for each waste stream
from the individual Waste Stream Profiles in Revision 2 of the TWBIR. Exceptions to
this rule are listed in footnotes in Table 3.

. Column 3 lists the mass of the waste for each waste stream which is the product of
multiplying Columns 3 and 4.

e - €olumn 6 lists the values of nitrate used for each waste stream. The sources of the
these values are:

- For RFETS, the nitrate values are from Appendix I of Revision 2 of the
TWBIR. The 8% values for IDC 001 bas also been applied to IDCs 002 and
007 at both RFETS and INEL. All 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 firial waste form. The dilution with diatomaceous
earth and additional portland cement lowers the overall nitrate value of the final
waste form.

- For waste stream IN-W315.601, Clements (1982) indicates that the waste
stream is made up of approximately 60% NaNO3 and 30% KNO3 (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

1=y



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 RFETS, INEL, LLNL, and LANL
waste streams are summarized below:

. RFETS/INEL

- The 0.11% suifate 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. | Tt

- The sulfate value (25.1%) for the Envirostone solidification of organic sludges
(IDC 801) is dernived 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}. '

- The values for sulfate quoted in Column 7 are derived from data provided in
Attachment 1. As with the nitrate calculations, the percentage 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 RFETS
(25.1%) was assumed for the LLNL waste stream.



SUMMARY CALCULATIONS

Table 5 presents the summary calculations for determining the density (kg/m*) 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-F1-82-021, Idaho Falls, Idaho.

U. S. Department of Energy, 1995, "Transuranic Waste Baseline Inventory Report (Revision
2)," DOE/CAQ-95-1121, Carlsbad, New Mexico.
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S. Chakraborti, SAIC
P. Amold, RFETS
J. O’Leary, RFETS
D. Christensen, LANL
T. Clements, INEL
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TABLE 1. TRU VOLUMES FOR NITRATE CALCULATIONS
(SOLIDIFIED INORGANICS ONLY)
TRU WASTE TOTAL VOLUME VOLUMES WITH VOLUMES OF
SITE (STORED + NITRATE DATA OR SLUDGES WITH
PROJECTED) WITH PARTICULATES | NITRATE DATA
() (m?) ()
Hanford (CH) 23.39 (TO BE SCALED)'| (T0 BE SCALED)'
ANL-E (CH) 5.20 (TO BE SCALED)'| (TO BE SCALED)'
NTS (CH) 5.67 (TO BE SCALED)'| (TO BE SCALED)
SRS (CH) 1369.8 1369.8 2
RFETS  (CH) 1423.01 1389.52 229.633
INEL (CH) 4344.44 3900.39 3598.843
Mound (CH) 6.03 (TO BE SCALED)'| (TO BE SCALED)
LANL (CH) 6922.02 6922.02 6922.02
AL (CH) 0.42 (TO BE SCALED)'| (TO BE SCALED)'[
LLNL (CH) 20.18 (TO BE SCALED)'| (TO BE SCALED)'|
CH TOTAL 14120.15 13581.73 10750.49
ORNL (RH) 1243.33 (TO BE SCALED)'| (To BE SCALED)'[..
INEL (RH) 65.27 65.27 65.27
ANL-E (RH) 30.26 (TO BE SCALED)!| (TO BE SCALED)’
RH TOTAL 1338.86 65.27 65.27
| TRU TOTAL 15459.01 13647.0 10815.76

Eliminates those volumes of chem{éaily pfedipitated--
solidified inorganics for which no nitrate estimates in the

waste are available.

An estimate of the ‘nitrate

contribution from these solidified 1norgan1cs will be
accounted for in the scaling process.

Eliminates the volume of Solidified Inorgéhics frsgusﬁngrom

further consideration because it is a-
which should not contain any significant amount’ of nitrates
due to the thermal treatment proposed for that- waste form._

Eliminates from further con51deratlon 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 and nitrates

"v1tr1f1ed" waste form

are not expected to be present in the particulates.

JANUARY 1996



TABLE 2. TRU VOLUMES FOR SULFATE CALCULATIONS

TRU WASTE SITE FINAL WASTE TOTAL VOLUME VOLUME WITH
FORM (m®) SULFATE DATA
(m®)

Hanford (CH) Solidif. Inorg. 23.39 | (TO BE SCALED)'
ANL-E (CH) Solidif. Inorg. 5.20 | (To BE scaLED)’
NTS (CH) Solidif. Inorg. 5.67 | (TO BE SCALED)'
SRS (CH) Solidif. Inorg. 1369.8 | (TO BE SCALED)’
RFETS (CH) Solidif. Inorg. 1423.01 229.63
INEL (CH) Solidif. Inorg. 4344.44 3598.42
Mound (CH) solidif. Inorg. 6.03 (T BE SCALED)!
LANL (CH) Solidif. Inorg. 6922.02 6922.02
AL (CH) Solidif. Inorg. 0.42 | (TO BE SCALED)'
LLNL (CH) Solidif. Inorg. 20.18 | (TO BE SCALED)'
RFETS (CH) solidif. oOrg. 140.93 108.9%
Hanford (CH) Solidif. org. 76.13 | (TO BE SCALED)'
LANL (CH) Solidif. org. 30.58 | (TO BE SCALED)'
INEL (CH) Solidif. org: — 789.67 2.55
ANL-E (CH) Solidif. org. 0.21 | (TO BE SCALED)!
LLNL (CH) Solidif. org. 6.86 6.86
CH TOTAL 15164.53 10868.93
ORNL (RH) Solidif. Inorg. 1243.33 | (TO BE SCALED)'
INEL (RH) Solidif. Inorg. 65.27 ' " 65.27
ANL-E (RH) Solidif. Inorg. 30.26 | (TO BE SCALED)'
INEL (RH) Solidif. org. 3.56 | (TO BE SCALED)’
RH TOTAL - . . 1342.42 . 65.27
|TRU_TOTAL 16506.95 | 10933.74

"
streams.

No sulfate data available from these sites for any waste

JANUARY 1996
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TABLE 3. NITRATE CALCULATION

Waste Stream IDCs Volume [Sum WMP| Mass Waste |% Nitrate | Nitrate
(m3) {kg/m3) (kg) (weight%) (k@)
RE-MTQ001 oo 3.74 781.9 2924.31 8 233.94
RF-MT007 Qa7 0.832 544.3 452 .86 8 36.23
RF-MT0800 800 104.42 775.2 80946.38 4| 3237.86
RF-MT0803 803 4.99 635.2 3169.65 4 126.79
RF-MT0807 | 807 115.02 819.6 94270.39 4] 3770.82
_R_E—_Tm t] 1 800/803/807 0.62 796.1 483.58 4 19.74)
TOTAL RFETS 229622 18225717 7425.37
IN-W216.875 001/002| 1478.88 §19.6] 1212090.05 8; 96967.20
IN-W216.877 001/002 43,91 571.4 25090.17 8] 200721
IN-W216.98 001/002! 555.65 726.6| 403735.29 - 81 32298.82
IN-W218_90¢* 007; 10191 544.3 55469.61 8] 443757
IN-W220.114 RF111 122.8 72586 89103.68 4] 3564.15
IN-W220.925 RF111 44304 819.6y 363115.58 4| 14524 62
- TIN-W228.101 002| 28733 317.3) 91169.81 4 81~-7293.58
|IN-W228.883 002 608.82 358! 217957.56| - - 8| 17436.60
IN-W223.886 002 21.36 24956 5331.46 8 426.52
IN-W315.601** 005 0.42 664 278.88 62 172.91]
TOTAL INEL 3664.12 2463342.09 179129.19
L A-M002 3606.81 1296| 4674425.76 8.8] 411349.47
LA-TO06 86.53 1004.8 86945.34 8.8 7651.19
LA-W003 1836.58 1339.3| 2459731.59 -8.7] 213996.65
{LA-W006 1392.1 1004.8] 1398782.08;. 8.7| 121694.04
TOTAL LANL 6922.02 8619884.78] - ¢ | 754691.35
TOTAL TRU 10815.76 11265484] _ 941245.91
1
* INEL did not report waste material parameters for this waste stream. The value for this
IDC at RFETS was assumed. I ] ; | P
** This waste stream was reported in Clements (1983) to be 60% NaN03 and 30% KN03
The weight of the waste for this 1DC was used from Clements (1983), since no value
was quoted in Revision 2 of the TWBIR. ! ] {

PE DREZ - NITRATE CALCULATION
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TABLE 4, SULFATE CALCULATION

Sum WMP

Waste Stream IDCs Waste Volume Mass Waste | % Sulfatej Sulfate
Farm (m3) (kg/m3) (ka}) (weight%) {kg)
RF-MTO0001 001! Solidified Inorg 3.74 781.9 2924.31 0.11 3.22
RF-MT007 007| Solidified tnorg 0.832 5443 452.86 0.02 0.09
RF-MT0800 800| Solidified Inorg 104 .42 775.2 80846.38 0.055 44.52
RF-MTO0801 801! Solidified Org. 108.99 877.1 95595.13 25.11 23994.38
RF-MT0803 803 | Solidified Inorg 4.99 635.2 3169.65 0.055 1.74
RF-MT0807 807 Solidified inorg 115.02 819.6| - 94270.39 0.01 9.43
RF-TQ10 800/803/807| Salidified Inorg 0.62 7596.1 493.58 0.055 0.27
TOTAL RFETS 338612 277852.30 . 24053.65
IN-W164.1060"" 700| Solidified Org 1.66 8771 1455.89 25.1 365.45
IN-W164.153* 700| Solidified Org 0.89 877.1 780.62 25.1 195.94
IN-W216.875 001/002| Solidified Inorg{ 1478.88 819.6] 1212080.05 0.11] 1333.30
IN-W216.877 001/002{ Sclidified Inorg 43.91 571.4 25090.17 0.11 27.60
IN-W216.98 001/002| Solidified Inorg 555.65 726.6| 403735.29 0.11 444 11
- [IN-W218.909" 007 Solidified inorg 101.91 5443 55469.61 0.02 11.09)
IN-W220.114 RF111|Solidified inorg 122.8 725.6 89103.68 0.055 49.01] -
IN-W220.925 RF111| Solidified Inorg 443.04 819.6| 363115.58 0.055 199.71
IN-W228.101 002 | Solidified Inorg 287.33 317.3 91168.81 0.11 100.29
IN-W228.,883 002 | Solidified Inorg 608.82 358 217957.56 0.11 239.75
IN-W228.886 002} Solidified Inorg 21.36 2496 5331.46 0.11 5.86
OTAL INEL N — | 3666.25 2465299.82 2972.11
LA-MOG2 Solidified Inorg| 3606.81 1296| 4674425.76 1.4] 65441.96
LA-TO06 Solidified fnorg 86.53 1004.8 86945.34 17| 1478.07
LA-WO003 Solidified Inorg| 1836.58 1339.3| 2459731.59 5.5] 135285.24
[LA-W006 . Solidified Inorg]  1382.1 1004.8] 1398782.08 8.1 113301.35
TOTAL LANL T ‘ 6922.02 _LST 9884.78 315506.62
LL-Wo0{9~~ Solidified Org 6.86 268 1838.48| 25.11 — 461.48
TOTAL LLNL ~ 6.86 183848] | 461.46
OTAL TRU I 10933.74 -11364875.4) - - o 342993.8} .

* INEL did not report waste material parameters for this waste stream. The value for this IDC at

RFETS was asumed

I l

l 1

l

I

= INEL did not report waste material parameters for this waste stream. The value for this IDC at

RFETS was asumed

]

| Il

!

= Sulfate value for LLNL Solidified Organic waste orm assumed 1o be same as for RFETS

Solidified Organics (IDC 801)_

L

:

|

PE DREZ - SULFATE CALCULATION




TABLE 5. NITRATE/SUL! - | .)DENSITY CALCULATIONS

: WIPP Average WIPP Average Total Mass of
Constituent Volume Mass Mass Anticipated Density % Sludge Used | Scaled Density | Consituent for WIPP
Solidified Waste | Solidified Waste Constituent Waste Volume | of Constituent |In Calculations of Constituent Design Capacity

m3 kg kg ml kg/m3 % kg/m3 kg
Footnotes N (2) (3) (4) (5) (6) {N (8)
Nitrate 10815.76 11265484 9412459 1.19E+05 7.91 85.6 9.24 1.62E+06
Sulfate 10933.74 11364875 3420938 1.19E+05 2.88 80 3.60 6.33E+05
(1) "Total TRU" Volumes for Tables 3 and 4.
{2) “Total TRU" Mass from Tables 3 and 4.
(3) "Total TRU" Nitrate/Sulfate from Tables 3 and 4. i

{4) Anticipated Volume of CH- and RH-TRU Waste (stored + projected to 2022) from Table 3-1 in Rev. 2 of TWEIR.

RH-TRU anficipated volume is imited to 7080 m3; deslgn capcaity of WIPP.

(5) "Mass of Constituent” Column divided by "Anticipated Waste Volume" Column.

(6) Calculated from Table 1 "Total TRU" data. Nitrate = subtract 10815.76 from 13647 to get amount of particulate waste

{2831.24).

Subtract 2831.24 from 15459.01 to get total chemically precipitated waste (12627.77).

Divide 10815.76 by 12627.77 and multiply by 100%. Sulfate is calculated in similar manner.

(7) Divide "Density of Constituent” by "% Sludge Used in Calculations".

(8) Multiply "Scaled Density of Consituent” by 175,600 m3 (design capacity of WIPP).

PE DREZ - NITRATE/SULFATE/PHOSPHATE MEMO




ATTACHMENT 1

TELEPHEONE CONFERENCE SUMMARY

Parties: Paul Drez, DEA/CTAC
Davis Christenson, LANL

For Solidified Inorganics waste stream LA-T006; LA-W003; LA-W006;
and LA-M002 assume the following composition for final waste
form:

Envirostone-based solidified waste forms:
Nitrate 8.2%

Sulfate 38.5%

Phosphate 0.001%

Portland Cement-based solidified waste forms:

Nitrate 8.8%
Sulfate 1.4%
Phosphate 0.001%

LA-M002 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
LA-T00G6 84.5% 15.5% 100% 0%
LA-W00s6 54.65% 45.35% 160% 0%
LA-W0O03 84.5% 15.5% 160% 0%
LA-M0OO02 100% 0% 100% 0%

Al-1



ATTACHMENT 2

D616472-01 LABORATORY SAMPLE RESULTS DATE 04710780
: e S/udge PAGE 1
SAwp LE~1D 23-0083095 DJO NUMBER 97038000
ENTRY DATE 11-p1-79 ACCOUNT CHARGED 8037
ZOMPLETION DATE  04~10-80 BUILDING 559
CLASS SSP1
CUSTOMER P. T. GODESAIBOIS

-

¢ ATOMIC ABSORPTION SPECTROMETRY RESULTS

CaA 8asl12. PRRLWY FE . 51597, POMI W)Y
GA < 59. FEMIM) K 6l627. prM{y)
MNA 65501, pemim) Ss1 36%9. PPM{YW).

e PLUTONTIUM CAEMISTRY LABDRAYCRY RESULYS

CLE~) D.1% e CC3= 0.36 (W)
F(=-) 57. PeMew) "‘H20 61.0 Z(w)
ND3 4.2 ztv) P04 < 0.0025 Wy -
50« 0.08%5 Ziwy

& SEMI-DUANTATIVE EMISSION SPEC RESULYS

AG 59. - OPPRIN) AL 20008, PPUIW)
AS < 50. pAM{k) S ! 100. PPMIWY -
BA 13d. PPMIN) BE 50, PR W)
| § 4 < 50. PPUN) Ca >  200000. PPRLN)
£D < 1000, PPMLW) ce < 500. PPRIV) -
co < $3. PPULY) LR — - 500. PERL W)
cs < 1352, PEMIN) Cu 4000, PPR{N)
FE 50203 - PPRLY) GE < 10. PPU(N).-
HG < 10. PPALYY X 40090. PENIY)
11 14 -1000. poNiy) "G 10000, pER(Y
BN 500. PPELY) mp 508, PPMINW) -
N2 50000 . epmiNg Ng < 50. pPOMINY
NI 292). T PPMLW) p < 1000. PPMLY)
PR < 5. PPNLWY RE < 500. POM{NG-
S8 < 59. PPELY) SI 100000. PPRIN)
SN < 10. PPMINY L 10280. peMiv)
TA < 53. TPPRLV) TE < 100. PEMIN) -
TH < 503. PPALW) f1 500. ZLICT
TL < 5033, PENIN) u < 500, PPMIW)
v < 5. PPM (W) ¥ < L000. PERI W) -
IN < 53). PPE(Y) e < 50. PRIV
¢« RADIOCHEMISTRY LABORATORY RESULYS
AM 0. 0000317 GG




ATTACHMENT 2
DA1472-01 LABORATORY SAMPLE RESULTS

SANPLE<ID 00008395

. i i S . o S i sl b e ke e . i -

DATE 047107380
PAGE

** RADIOCHEMISTRY LABCORATORY RESULTS
PU 0,0000223 G/G u

AUTHORIZED SIGNATURFE

e

(CONTINUEDY

€.0017

G/IG

2



ATTACHMENT 2

n6le72-01 LABCRATORY SAMFLE RESULYS O8TE 04710780
. 7412 S/odse PAGE 1
SAMPLE-ID 00-008396 DJO NUMBER 97038000
ENTRY DATE 11-01-79 ACCOUNT CHARGED 8037
CGMPLETION DATE  D&~-10-8D BUILDING 559
CLASS sSSPl
CUSTOMER P. T. GODESAIBOIS
** ATOMIC ABSORPTION SPECTROMETRY RESULTS
ca 194587. PPM{ ) FE 47915, PPMIWI
GA < 50. PPMLIW} MG 9581, PPM{WI}
NA 105062 . PPRLW) SI 158, PFRM{W}-
** PLUTONTIUM CREMISYRY LABORATGRY RESULTS
cLe(-) 0.1% Ziyd CC3= 0.74 Z{W)
Fi{-) 101. PPMIW) H2D 55.8 (W)
NG3 8.0 Ziw) P0G < 0.0025 Wy -
S04 0.096 Tiw)
#% SEMI-QUANTATIVE ENISSION SPEC RESULTS
G 13. PPN AL 10000, PPMI W)
&S < 50. FPM(Y) S - 10€. PPMIN) -
BA 533. PPMIN) BE 1000. PPMIN]
BI < 5. - PPMtud CA > 200000, PRMINY
to < 19390. PPMINWY CE < 500, PPMINY-
co < 53 PEALW) (of | 500. PEMIW)
(o < 1000, PEMINY ctu 50C. PEM{ W)
FE 50023 . PPMLN) .GE < 10, FPMLW) -
HG < in. PPMIWY K <00400. PEX(NW)
Lt < 1000, PPMIW) NG 50000. peMIY)
MN 533 . PPMINY rg 200, PPM(W) -
NA 50003. pomin) NB < 50. PPMINY
NI 1290. PPHIN) P < 1000. PPMIWY
P8 53. PPMIV) PU £ 100. PPMiNY) -
RE < 50). PPMLY) S8 < S0. PPM( W)
si 100009, PPMINY SN < 10. PPMIWY
5R 10203, PPMIN) TA < 50. PPMIW) -
TE < 100. PPMIW) TH < 530. PEMIW)
Tl 503. PPM(WY T°L < $00. PPM(W)
u < 50). PPMIW) v < 5. PEM(Y) -
W < 1303, PPM{W} IN < 530. PPM{W)
ZR < 5. PP™CN)




ATTACHMENT 2

D61 472-01 LABORATORY SAMPLE RESULTS DETE 04410780
PAGE 2
SAMPLE-ID  00-D0B396 :

AL s — g ———

—r —— — — ——— — — - -——

* RADIOCHEMISTRY LABURAYORY RESULTS

AM 0.00000546 G/G
PU 0.0000333 G/G U 5.600198 G/G

AUTHORTIZED SIGNATURE

Yot




ATTACHMENT 2

D6l 72-D1 LABORATORY SaMpLE RFESULTS DATE uea/10/8y
) 24412 SIud’f/e PAGE 1
SAMPLE-TID 03-008397 DJO NUMRER 97033000
ENTRY DATE 11-01-79 ACEDUNT CHARGED BO37
TOMPLETION DATE D%¥-10-80 BUILDING 559
CLASS sSSPt
CUSTOMER P. Y. GODESAIBGIS
*t ATIRIC ABSORPTION SPECTROMETRY RESULTS
CA 121661. PPMINY FE 49286, POV
Ga < 5. PPM W) MG 18377. PPMIW)
NA 100179. PPMIN) sl 2t7. PEM{WI-
¢ PLUTONIUM CHEMISTRY LABORATORY RESULTS
cL-} 1.5 ZLW) €032 .59 20}
F(-) 1%3, PPM{WY H20 60,2 z{W)
NO3 3.1 r{T 2 PR&k < 0.0025 %Wy
S04 0.14% 20N
& SEMI-QUANTATIVE €4ISSION SPEC RESULTS
AG 40030, PPMIWY At 10000. PON(W)
As < 50. peMEy) o8 100. PPMIW) -
BA 5. peHLN) RE 1000. PPM{W)
81 < 50. pru it (. 200050, PPM{W)
tD < 1090, TPPRIN) 3 < s$00. PPMIW)-
S o : EEE ¢ 5)a PPRIN} ce 500, PERIN)
cs < 1930. PEMIN) cu 1000. PPRIW)
FE 50932%. SAMIN) GE < 10. pem(uy-
HG < 10. PPMINY K 40000. PPM(W)
L1 < 1000. PPMIWY MG 100000, L T
N 13). PPMIN) ue 200, PRE(W) -
NA 60003, PPM (W)Y NB < 50, PPMIN)
N1 53). PPMINY p < 1000. POM( W)
P8 5. PPH(W) U < 100. PPYULNW) -
RE < $3). PPMIW) sB < 50. PPN}
s1 100002, PPMIW) SN < 10. FPMIN)
SR 10309. PFY(W) TA < s0. PPM{W)-
TE < 19). PPMIW) TH < 500. PR¥(W)
TI _ 31)3. PRPE{W) TL < 500. PPMN(N}
U 4 59). PPMINY ¥ < S PPM{W)-
W < 1000. pPpMYiw} N < 500. PPMIW]
IR < 5). PPMILN)

A2 -5




ATTACHMENT 2

D61472-01 LABORAYORY SAMPL £ RESULYS NATE 04/107R0
) PAGE 2
SAMPLE~1D  00-00B397

P - ——— - —— - B —— —

* RADIGLHEMISTRY LABORATORY RESULTS

NS
AN 0.00bb28 Mg/
PU 0.00000%81 G/ v 0.000561 5/6

AUTHORIZED SIGNATURE

Hrwnes




‘ ATTACHMENT 2
‘l Rockwell Intetnational ANALYTICAL REPOHN

Energy Syttems Group
Racky Fiats Piant

cam—_— MO Poa a4
Goiden, Cowrano 80401

To

Account No.

Date Lab. No.

C.T. Hewit:t 374 V1Y N B ! ¥E1-1109

File
Reporied by
Approved s 7};,,_5601

A.M., Miller
Sample Description - - T T T T ]
374 Wasre Sludge = Dn}zf ;Lua’-je-

Anaiysis Results T T v S e, R s o

A characterization of the 374 waste sludge was requescted. The
analysis of a composited sample is given. All results are in %.

- Ca 11
Mg 3.8
: Si 5.8
Al 0.4
— Cr ©0.12
o Fe 0.9
K 0,25
Na GC.8
C i3
5 0.36
80‘I 0.02
Cl 1.3
¥ Q.5
POQ 40
NO.j 6.6
€0y .04
]I(JO.i 0.33

_— . . 2

The cations greater than i%Z were determined by A” and rhose less

than 1% by emissiaou spectroscopy. %The anions, exceprt (or HCO,. CO_,
and Nﬂj were determined an a4 witric acid Yeavh of the sludpe.” Eighteen
pereeni of the sludge was soluble in watcer, aud 306% soluble jw i
nitric acid. ;
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Rocky Flats Plant

Yorth An‘!«dc--_n Soace Qpuarations UC( J"J:'(]
RocXwyll inlerneticaxi Caorporation .
P.5 Box 454 i nisrneticna:
Golden, Coloradg 30402-02E4
1303} FES-7000

Centracice 1o U.5. Qepantment of Ensrgy
April 4, 1588 88-RF-1089

Albart £. Whiteman
Area Manager
GOE, RFAD

ENGIMEERING PARAMETERS FOR ROCKY FLATS WASTE FORMS
This information is for the attention of W. C. Rask.

Attached are the englaeer1ng parameters for Rocky Flats waste farms
that were requested in the letter from J. 8. Tollison to
distribution, dated March 1, 1988. Information is included for all
thirteen Rocky Flats waste forms, which will be transported in-the
TRUPACT-1I container.

If you have questions regarding the enclosed information, contact
Jim Alexander at (303) 966-7585 or Jeff Paynter at {303} 966-5252.
With your approval please forward to DOE/AL, Waste Transportation.

: ,/‘?inZZQAﬁ<Q¢ﬁ£L,
E. R. Naimon, Manager
Waste Operations
Rocky Flats Plant
Aeraspace Operations

Orig. and 3 cc - A. E. Whiteman
Enc.

192
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GI/02/1988 WE—
Q081 36: 00 ATTACHMENT 3

ENGINEERING FARAMETERS FOR TRUFACT-11
Waste Streamn — — TRU SOLIDIFIED ORGANIC WASTE (WF-112)

For data in Section 1, Secondary Container, and Section 2,
Arrangement of Secondary Contalners, see the Generasl Engineering
Farameters for TRUFPACT II.

3 WASTE MATERIAL INFORMATION:

F.1 Structural:

Z.1.1 Maimum &and Mipnimum Weight — -~

Drums: 730 1b max. / 530 1b avg. / 200 1lb. min. (including
the weight of the drum)

J.1.2 Acceptable Frojectile Envelope - - NA, solid monolith cast
- in the liner inside the drum.

>
-

Thermals
J.2.1 Quantity of Radionuclides ~ - Isotopic Composition (Mix
Group 9, TRUFACT-II1 Spec.): )

lIsotope Fraction

Pu-238 TRACE e

Pu-239 0.930

Pu-240 0.058

Fu-241 0. 004

Fu-242 TRACE

Am-241 TRACE

OTHER 0.007 I

Max. radionuclides (Weapons Grade Fu): 200 grams/drum

Maximum decay heat (Puwi 0.4 watts/drum
(Am): Q.3 watts/drum
Total: 0.7 watts/drum

[0 |

2.2 Chemical Form - - min, max,  &VE.

oils 10 % 0 %
trichloroethane and

trichlorotrifluorocethane S % 10 %

carbon tetrachloride 2 % 5 %
emulsifier {(a polyethyl

glycol ester) S % 10 %

water I A 15 %

gypsum cement 40 % S0 % 200 1b
total liquid (IZZ gallons) ' 250 1b

A3- 2
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wpPo INNYx Sandia National Laboratories

Albuquerque, New Mexic?.sﬂ 851347

- date: May 9, 1996 ~ 'AO/‘.:’A
: Mar
et 0y
to: Distribution H OA;/
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 backfill MgO with inflow brines can potentially 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 WIPP performance
assessment. '
To simplify the problem, we assume that MgO hydration can be described by the
overall reaction:
MgO +H,O — Mg(OH);», . (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: ’

ar | 9T
Cpp—BT =k 5 )
T(X,0)=1, 3
oT
VAH = -2k
pwVAH S Cy)
T(eo,t) =T, &)

where C, 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; Tg 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.

Exceptional Service in the National inferest
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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:

C,px?
AH S [
r-T, =PuVBH / o b G 5,{5’1‘1 . ©)
25 JC.ok P 2V e

The temperature increase in the repository (AT) is obtained by setting X = in equation (6):

AT = T(0,1) — 1'"_"VA‘F"j ‘ O
S YmCpk’

Equation (7) shows that the repository temperature will increase with t until all MgO
becomes hydrated. Therefore, the maximum temperature increase (ATma) 1n the reposnory
can be calculated by

pw MgQ
AT  =T7T0,0)-T, = 8
me = TOD=H =5 nC,pk - ©

Where Mo 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 reactlon region shown in Figure 1 will
extend to the whole repository. Then, S = 1. 1):105 m? and Mmeo = 2x10” moles. The other
parameters are estimated as follows: :

pw = 5.56x10* moles/m;
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maximum V = 1000 m/year (Joel Miller, personal communication);
AH = 3.89x10* J/mole (Drever, 1982);

p = 3.7x10* moles/m’ (Lide, 1994), assuming that the surrounding rocks can be
represented by halite;

Cp = 50 J/mole/K (Lide, 1994), assuming that the surrounding rocks can be represented
by halite;

k = 6.3 Wm/K = 1.99x10® J/year/m/K (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 hydration can be
negligible.

References:

Drever 1. L. (1982) The Geochemistry 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. 6751)
MS 1343 A S. Reiser Org. 6751)
MS 1330 SWCE-A(Orgf 6352); WBS. ELO%.T.IRCY
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G A

date :  January 17, 1996
to: T. Hicks, (Galson Science Ltd.)

from : L. C. Sanchez, Org 6741, MS-1328 (505)848- 0685&@W/ (kg; 7/\
H. R. Trellue, Oro 6741, MS-1328 (505)848-0820 ,
subject :  Estimation of Maximum RH-TRU Thermal Heat Load for WIPP

[1] Requested Information
In previous communications [Ref. Hi-1], 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 estirmate the maximum tem-
perature 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
i conduction calculations for thermal payloads based on limited empirical data. The
- analysis steps are discussed below.

[2] Inverse Intermal 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 rem/r) for RH-TRU canisters [Ref. LWA-1]. The shielding calculations
were performed only for gamma radiation because betas and alphas would not
penetrate the waste matrix and/or 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 mrem/fAr max [Ref. DOE-5))
and the corresponding neutron heating rate is insignificant. The computational
steps used for gamma shielding are shown in Table 1.

Exceptional Service in the National Interest



Table 1.  Calculation Steps For
Inverse Shielding Calculations

Step Calculation

1 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.

2 For the identified absorbed dose rate determine the corresponding
exposure rate for gamma-ray radiation.

3 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.

4 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).

5 Determine the total internal source strength (activity) from the gamma
source strength.

6 Determine the total heat payload corresponding to the total internal
source strength.

Step 1 requires use of Equation 1 [Ref. La-1], 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.

I:Ile..) ,  rewritten as: b=}':.{/Q (1]

Likewise, Equation 2 [La-1b] relates the absorbed dose rate to the expasure rate
through the parameter f (see Figure 1) and Equation 3 [La-1c], which describes
the biological shieiding (shielding to reduce radiation exposure to persons in the
vicinity of radiation sources), relates the exposure rate to the gamma-ray flux den-

sity.
D =f X | rewritten as: X =[:)/f [2]
X=Cs0 , rewritten as: ¢ =X/C, [3}




where:
H = dose equivalent rate [rem/hr]
D = absorbed dose rate [rad/hr]
@ = quality factor [rem/rad]
X= exposure rate [R/Ar]

f = exposure to absorbed dose conversion ratio [rad/R]

(uﬂ/p)rism
(ap)™
b = gamma—ray flux density [yem?~s]

=0.874 [Ref. La—1b] (3b]

Cy = flux—to—dose conversion factor [(cm—secA)x(R/Ar)]
=0.0659E-03 E?(].La/p)‘"’ [Ref. La~1c} [3<)
E, = gamma-ray energy [MeV]

(/P = mass energy-absorption coefficient for air [em¥%g]

Table 2.  Quality Factors for Various
Types of Radiation *

Type of Radiation Q

x—rays and Y-1'aYS 1
B-rays, Ema > 0.03 MeV 1%

B-rays, Eqax < 0.03 MeV 1.7 §
Naturally occurring e-particles 10
Heavy recoil nuclei 20
Neutrons;

Thermal to lkeV 2

10keV 25

100keV ' 7.5

500keV 11

1MeV 11

25MeV 9

SMeV 8

TMeV 7

10MeV 6.5

14MeV - 7.5

20MeV . ' 8

Energy not specified 10

* Taken from Lamarsh [Ref. La-1d}, based on NCRP report 39 [Ref. Nc-1].
T Recommended in ICRP publication 9 [Ref. Ic-1].
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Figure 1 Parameter f as function of y-ray energy.
(Taken from Ref. La-1b, originally from Mo-1.)

The mass energy-absorption coefficients (1) for air and tissue for varous 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 Equatiop 4, which identifies the maximum allowable RH-TRU
canister surface gamma flux density for a given maximum allowable surface dose
{equivalent) rate.

Xs(max) _ Dy(max)  H,(max)
Cs  Cuf ~ CafQ
H, (max) _ __Hy(max)
0.0659E-03 E{u DY f QO 5.75966E-05 E (1 )™ 0

f4a]

i

9 (max)

[4b]



Table 3. Mass Energy-Absorption
Coefficients for Air *
Gamma-ray Mass Energy-Absorption Coefficient
Energy [MeV] Qb [em¥g]
Air Tissue
0.1 0.0233 0027
0.15 0.0251 0.0282
0.2 0.0268 0.0293
03 0.0288 0.0312
0.4 0.0295 0.0317
0.5 0.0297 0.0320
0.6 0.0296 0.0319
0.8 0.0289 0.0311
1.0 0.0280 0.0300
1.25 0.0268 0.0288
1.50 0.0256 0.0276
2.0 0.0238 0.0256
3.0 0.0211 0.0220
4.0 0.0194 0.0206
5.0 0.0181 0.0192
6.0 0.0172 0.0182
8.0 0.0160 0.0168
10.0 0.0153 0.0160
* Data from Ref La-]f.
NOTE
are to be used for dose calculations. They are not
attenuatijon coefficients which are used for shielding
calculations.

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).

I;rromi = EHa (2]

Now the gamma flux density due to gamma-ray attenuation is needed. The equations for a
point source are Equations 6 and 7.

S

¥ = 7 [Verm®=sec] — (6]
- Se™#?

b, = Qo7 = 4nR2 {7

where:
¢, = gamma-ray flux of an unshielded uncollided isotropic point source
0, = gamma-ray flux of a shielded uncollided isatropic point source

§ = source strength [y/Aec]




R = distance from the point source [cm)
t = shielding thickness [cm]
W = linear attenuation coefficient for shield [Vem)
= mass attenuation coefficient x mass density = (u/p) x p [7b]

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). ¢, does not include, however, important
effects due to: 1} the Compton effect (scattering with loss of energy: this is very important
since non-direct 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-positren 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.

gt £}

E, E

Figure 2 Energy spectrum of incident gamma-ray beam.
(Taken from Ref. La-1g.)

HlE)

=

Es F

Figure 3 Energy spectrum of gamma-rays emerging from shield.
(Taken from Ref. La-1g.)



The necessary correction factor for these effects is the gamma buildup factor (B, (pr) 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.
e B

4mR?

If more accurate gamma-ray transport calculations are needed, they should be performed
with the Boltzmann transport equation which incorporates the complete treaunent of the
scattering component (this was not deemed necessary for this simple study). The time-
independent transport theory (Boltzmann Equation) for photons is given by [Ref. Sc-1b]:

bp = By ()9, = BP(W)%H_W =5 B, () (8]

V-Qb(r,Q.E) + T (rLEWTQE) = [9]
[ |20 ENp (E—E Q- QW(r Y ENdQE’ + S(rQLE) '
E'QY

where:

T = gamma-—ray position veclor

E = gamma-—ray energy

Q = solid angle

¢ = gamma—ray flux

p = probability that a particle of energy E” and direction £’ scatrers into
dE about E and dQ abour 2

A

Z; = macroscopic cross section (i=t — total, i=s — scattering)

I

source term

= arom density x microscopic cross—section

Equation 9 is a complex integral differential equation which has the extra dimensions of
particle energy (£) and angular distribution (), 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 eguation, but this
extra 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 coefficient, which is dependent on gamma cne:fgy. ~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 factors for different specific
geometries, such as a point source, line source, etc., see Refs. Sc-1 & Ja-1. * Since real
geometries correspond to distributed sources, it is necessary 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 integrated over all point source strengths con-
voluted with the attenuation kernel to yield Equation 10:

o= | SyEK(r-r{)dr

all space

- {107 -
r = vector to the measuring point
r = vector to any source-bearing point in space

Sy(r) = source strength per unit volume at r




This equation for the "extended source term” (integrated volumetric source term) has the
exponential point attenuation kernel given by:

K(R)=B(ur) {11}

4R2

The soiution to Equation 10, for simple cases of uniformly distributed source geometries,
is an exponential integral function [Gi-1], whose general form is given by Equation [12].

Te?
En(x) =" [ S-dp (121
= P
Further description of the exponential point attenuation kernel can be found in Ref. Gl-1b.
For the problem at hand, the uncollided gamma flux at the source-shield interface (i.e., the
interface between the RH-TRU waste matrix 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-1].

b (upper limit) = =~ |G(4yh1b9) + G (shabs) + G llshybe) + Cthabe) | [13a]

s

b, (lower limir) = [G(ushhbs) + G(Ushabe) + GUsALbY) + G(J-l:hz-ba)-‘ (13b]

s

where: &, = uncollided gamma flux densiry within the RH-TRU

waste matrix  [y/em®~s)

Sy = volumetric source term [Yem3—s]

G

special exponential integral funcrion
H; = linear attenuation coefficient of RH-TRU waste matrix [Vem]
hy, = half-height of the RH-TRU waste matrix = :H [cm]
hy = height within RH-TRU waste matrix [cm]
hy=2hy — hy [em]
a = radius of position under investigation [cm]

R = radius of the RH-TRU waste matrix [cm]

by= (R —a)
bs=p (R +a)
be = p,VR2~a?

Evaluating Equation 13 at the waste matrix-drum interface (i, a=R, by=b¢= 0) at
center-plane (i.e., nud—hc1ght whcre hy=hy=hy) ylelds Equation 14:

Sy
¢, (center plane) = b, (cp) = e [G (u,h»sﬂu,R)] [14]

The values for G (for right cylinders) can be estimated from the graphical representation
shown in Figures 4a and 4b [Ja-1]. From these figures, it should be noted that for
significant values for p iy and 2p R that G{U Ay, 21, R)—1.0. This results because
W, hy and 214, 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 ({; 2,23, 2. R 23), the surface flux can be approximated by:




s
bu(cp) = 2; [15]
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Figure 4 The function G(u,4.b) for G=0 to 1; (taken from Ja-1,
originally from Ro-1). a} G vs. p,h for b =0 to 3.5, b= 0.1 t0 o;
b) G vs. b forph =010, b =0,t0 7.

To calculate the azimuthal and radial mean free path lengths requires the dimensions of the
waste matrix within the RH-TRU canister. From Figure 5 {Ref. DOE-1] 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 comresponding
height slightly less that 120.5 in. In Ref. BIR-If, the usable internal volume has been
identified to be 0.89 cu.m.; thus, the active internal height can be calculated to be 270.12
cm. The (.89 cu.m. volume, however, is inconsistent with the Ref. DOE-1b, 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 cu.m. for the RH-TRU canister. This inconsistency arises because there are actually

two options for loading RH-TRU canisters: OPTION A -- place RH-TRU waste directly .in... - o

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 cu.m.) (see Ref. Sa4 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-1], and should be similar to DOT 7C specs. The internal waste matrix radius is
28.58 cm. and the internal individual drum height is 84.46 cm. Since the RH-TRU canis-
ter container contains three CH-TRU drums, the total intermal waste matrix 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
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attenuation coefficient of 0.0595 cmz/g (from Tabie 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 resuit for the final solution for the
internal source term), a rough approximation for G{}t, 51,24, R) can be approximated by
Equation 16 (obtained by using singular value decomposition (SVD) [Ref. Sa-2], based on

graphical data displayed in Figures 4a and 4b; note that there are noticeable errors in Fig-
ures 4a and 4b):

1.0 if spgr.>2 (good for 0.1% accuracy) {16}
GQuhy 2, R) = {1 - CPEFRPED  se 05 Her>0  (good for 4% accuracy/OPTION A)

| g PR aPErD if 22s5p.gr>0 (good for 4% accuracy/OPTION B)

where
¢ = 54079538E+H00  ¢5 =-9.7716046F -01 (for RH-TRU loading Option A)
c3=4.8045511E+00 ¢4 = —6.73510925——01 (for RH-TRU loading Oprion B)
sp.gr. = the specific gravity of the RH-TRU waste matrix

Note: -
" Drawing Not to Scale .
" These are nominal estimates which support the
mventory assessment for corrodible metals.

Figure 5 General dimensions of the RH-TRU canister
(Taken from Ref. DOE-1.)
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Table 4. Mass Attenuation Coefficients *

Data from Ref. Ra-1 (see Equation 7b for usage).

Gamma Mass Attenuation Coefficients, (upy [em¥g]
Energy
[MeV] Alr Concrete Iron Caleium Silicon Aluminum Oxygen

Q.1 0.15% 0.169 0.344 0.238 0172 0.161 0.151
03 0.106 0.107 0.106 0.109 0.107 0.103 0.107
0.3 0.0863 0.0870 0.0828 0.0876 0.0869 0.0840 0.0870
0.6 0.0804 0.0804 0.0762 0.0809 0.0802 0.0777 0.0806
0.3 0.0706 0.0706 0.0664 0.0708 0.0706 0.0683 0.0708
1.0 0.0635 0.0635 0.0595 0.0634 0.0635 0.0614 0.0636
1.5 0.0517 0.0517 0.0485 0.0518 0.0517 0.0500 0.0518
20 0.0445 0.0445 0.0424 0.0451 0.0447 0.0423 0.0445

E 3

Equation 14 should now be modified to include the gamma flux buildup.
The desired resuit is:

Sy
2ps

o) = By 2 [ G e 20, R) | [17]

where
Bp™™ = the buildup factor for the 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 geometry
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-
1b). 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.

¢b (Surface @ cp) = ¢: = q’u ‘_B;:m‘u B;unm".E_ZG‘Lcanis!ertmnisrcr) . {18]
_ 0.655 Sy Bganster

m G (]-l_, h Ys 2!—'-; R )E 20-'-canis:cr rcani.rler)
S

where:
Heanisier = linear attenuation coefficient of RH canister and inner drum [lem]
eanisier = Combined thickness of RH canister and inner drum [cm)

E, = exponential integral function
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Table 5.  Dose Buildup Factors for a Point Isotropic Source (a)
Gamma Relaxation Lengths, px (b)
Material Energy
[MeV] i 2 4 7 10
Water 0. 252 5.14 143 388 T16
1.0 213 3N 7.68 162 7.1
2.0 1.83 277 4.38 8.46 12.4
Aluminum 05 2.37 424 9.47 215 389
1.0 2.02 331 6.57 131 212
20 1.75 261 462 8.05 119
Iron 05 198 3.09 598 - 1.7 192
1.0 1387 289 539 102 162
2.0 1.76 243 413 T 725 109
Tin 0.3 1.56 208 3.09 4.57 6.04
1.0 1.64 230 3.74 6.17 3.85
20 1.57 2.17 3.53 5.87 8.53
Tungsten 05 1.28 1.50 . 184 224 2,61
1.0 1.44 1.83 257 3.62 464
2.0 1.42 1.85 272 4.09 527
Lead 0.5 1.24 142 169 2.00 127
1.0 1.37 169 226 3.0 3.74
20 1.39 1.76 251 3.66 4.84
Uranium 0.3 1.17 1.30 1.48 1.67 1.85
1.0 131 1.56 1.98 . 2.50 2.97
20 1.33 164 2.23 3.9 3.95
(a) Data from Ref. Ra-1b.
(b) Hx = mass attenuation coefficient [cmz/’g] X shield thickness [cm] X shield density [g/cm 3].

Since the combined thickness of the metal drum (if OPTION B loading is used) and the
RH-TRU canister is small, the gammas will be transported through less than one mean free
path length; hence a conservative step is to set B, to unity. The solution for Ex(b) is
shown in Figure 8. A rough approximation for E4(b) can be given by Equation 19 (the fit
for & values greater than 14 was based on data in Ref. Ab-1 and the fit for b values less
than 14 (obtained by using singuiar value decomposition (SVD, Ref Sa-2}) was based on
data in Ref. Ja-1b):

et Ab+2) if b>14 °  (good for 1% accuracy)

Exb)= (e Y if 145821 (g00d for 7% accuracy) - 19]

2, ¥
e TEEFEERE) e 15820 (good for 3% accuracy)
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where
£5=5.5565607E-01 cg = 1.7837543E-02
cg = L.4190903E +00 ¢1p = 3.0105850E+00
c7=-3.3941944E 02 ¢y = ~2.0438538E+00
cg = 1.1209473E-03 €12 = 9.3175783E-01

Reformalizing Equation 18 to solve for Sy yields:

5 s Hs 0]

T 0.655 G (s kv, 20 R) EoMegnisrer feanister)

Figure 8 Solution for E,. (Taken from Ja-1b.)

Assigning the maximum surface gamma flux density (from Equation 4) to ¢, nows gives
us our final solution:

Sy (max) = &, (max )y, (max) (21a]
v 0.655 G (o hy, 211 R) E o(Reanister Lcanister)
_ b (max)(pa/p) o (max) [21b]
~ 0.655G (W, hy, 215 R ) Eo(leanister bcanister )
7_ B - ﬁ,(mar)p,(m&x) [21c]
B Cd f Q 0.655G (l-l: h‘/:l 2},1,R ) EZ(pmni.mr fmnim:r)
- H (max Y(/p) ™ po* (max) [21d]

3.7725RE~05 E{(l/P)Y™™ Q G (s, 215 R) EoMcanister Foanister)

The key information that is needed to use Equation 21 is the linear attenuation coefficient
for the RH-TRU waste matrix and the geometric 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 vagety of materials.
Since the linear attenuation coefficient is comprised of the product of the mass attenuation
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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 epergy
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 {cm"/g] (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 ioading the combined thickness is 0.6350 cm.). With a specific gravity of
7.86 for carbonr steel [Ref. CRC-1d] for which Wesmisrerfeqniser = 0.3671 mean free path
lengths (this value is for OPTION B assuming (Wp)™® = 0.0595 cm%g — the value for
OPTION A loading is 0.2970) we get a value of 0.4091296 for E zulcmﬂim,,) (this
value is for OPTION B -- the value for OPTION A loading is 0.46951977). Using the
above information and the value of ¢;(max}, Equation 21b can be simplified to the form in
Equation 22 which only depends upon the total specific gravity (or deusity} of the RH-
TRU waste matrix and correctly indicates that the internal gamma source term increases
with increasing waste matrix density.

(5.787E+08)(0.0595) sp.gr. ™ {max)
(0655) EZG-lcam‘.ﬂer Lcanister )G (IJ-: h s 2}-1-5 R )

Sv(max) [disAs—cm®] = [22a]

sp.gr." ™ {max)
G(1shy, 24, R)

sp.gr. " (max)
1.2849E +08 —F——
G(Ushy, 2U,R)

1.1196E+08 { for RH-TRU loading Option A)

t

{ for RH-TRU loading Option B)

rl.I 196E+08 sp.gr. (max) (if sp.gr.™ 212) Option A
[ 1.1196E+08 sp.gr. (max) (22b]
- P-ET: - (if 2zspgr.™™* 20)
1 _e-(crrp.gr. {max}+csp.gr.(max})
_|1.2849E+08 sp.gr. (max) (if spgr.*™€>2) Option B
T3l 1.2849E+08sp.gr. (max) .
2 2 3 ’mf! 2
[ 1 _e—(c,:p.gr. {(mazx)+c sp.gr.i(max)} (If P8 0)

The above equations yields the total gamma source term in units of (disintegration/sec); to
convert this to curies, one must remember that 3.7E+10 (dis/s) is equal to 1 curie of
activity. Rewriting Equation 22b in units of curies yields:

Sv(max) (ycuriessem®} = Sy(max)/3.TE+10 R 2
3.0260E-03sp.gr. (max)  (if sp.gr.™ 22)  OptionA s

= 1 ([ 3.0260E—03 sp.gr. (max)

if 2 > . r‘ﬁmlt T
l_e-(c;p-sr- {max)+csp.gr.iimax)) G -8 20

r

3.4727E 03 sp.gr. (max) (if sp.gr.*™* >2)  Option B
3.4727E-03 sp.gr. (max)
1< e-—(c!:p.gr. (max)+c sp.gr.{max))

(if 22 sp.gr.™™™ 20)
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Sy (max)}[ycuries/canister) = Sy(max ) x Volume /3.7E +10 f224)

2.6932E+03 sp.gr. (max) (if sp.gr."™® 2 2) Option A
{ 2.6932E+03 sp.gr. (max)
L | 1_8-(c,:p.gn (max)+c sp.gr.i{mar}) ‘

(f 22sp.gr.™™ 20)

r

2.1704E+03 sp.gr. (max) (if sp.gr. ¥®* 22) Option B

o r

3 2.1704E+03 sp.gr. (max)
= e—(c,mgr- (max)+c sp.gr.*(max}) |

The identification of the appropriate total mass density for the RH-TRU waste matrix
requires an interrogation of the data in the WIPP Transuranic Waste Baseline Inventory
Report (WTWRBIR) Rev. 1 [Ref. BIR-1]. 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 WIWBIR 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 (j.e., statistical variances are 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 panial 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 sam= waste
matrix [Ref. Br-1]. 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 distri-
bution function (pdf} (i.e.. identify if the pdf is a "normal”, "log-normal”, or some other
type of disiribution) 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 yieids a distribution that maximizes the
uncertainty [Refs. Ti-1 and Ti-2]. The maximizing distribution ideatified. for this problem
is the truncated exponential disuibution function with a pdf given by Equation 23.
)Le-l.x
fo = [23]

(if 22sp.gr.™ 20)

where:

_[ f (x)dx = probability that uncertain parameter X lies in interval [x,x+dx]
A = a yet to be determined constant
a = minimum value of uncertain parameter X
b = maximum value of uncertain parameter X

The corresponding cdf is given by:

X
F(x)=Pr{Xsx} = [f(s)ds _ (24]
2 _
= probability that uncertain parameter X £ x

z Jw_lx 2 x 3
Bt e L
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Using Ref. CRC-1 yields:

™™ _g M
F(x) = —o——=7 = P = Perceniile with range (0SP <1} [25]
€

It's Equation 25 that we need to use to identify the percentiles of F(x) (i.e., we can use
Equation 25 to identify xp for a given percentile, see Equation 26).

xp = FI(P) = -——;lrln [e"""—P (e ﬂe‘”’)] [26]

Unfortunately, Equation 25 has the unknown constant A. The trick to solving for this con-
stant [Ref. Ti-1] is to determine the expression for the “population” mean value (also
called the "expectation” value or more simply, mean, denoted by [x]) of the distribution in
Equation 23 and equate it to the sample mean (denoted by £} that is identified in the
WTWBIR. The population mean, [x], is defined by Equation 27.

b

(x]=%= [xf(x)dx for a continuous distribution [27)
lxe'h A T Ax
= dx = xe dx
. e-l.a _e—lb e—la __e—lb .

Using Ref. CRC-1b, Equation 27 can be integrated to yield:

x] = 1.z e —p e~
TA g™ _ g™

(28]

The value of A can now be solved for by finding the roots of the function & (A) given by:

1 ae ™ _p

h(l)zf——i—— = v [29]

e
Using standard iteration techniques, the values of A for most of the RH-TRU waste matrix
materials (those identified with a=£f) were determined to five significant digits and are
displayed in column three of Table 7. Also identified in columns 4 thru 6 in Table 7 are
the values of the 68.26%, 95.44% and 99.74% percentiles [Ref. CRC-1c] (i.e., the x values
corresponding to F(x) = .6826, .9544 and .9974), which correspond to the normal bench-
marks of 1G, 20, and 3. 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 217). The engineering judgement
made at this time is to sum-up partial densitdes in the following manner: 1) the maximum
partiai material density is identified for each waste matrix material, 2) percentile values for
the non-maximum values are identified (for cases where minimum and average partial den-
sities are equal it is not possible to calculate A, 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 density (for F(68.26%)) = Pmaximum + 2, Pi (303
1 ¥max

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(68%.26)" total density (this
corresponds to a 1g value for the partial densities, with the exception of the maximum
value which is added at full value), 3) the "F(95.44%)" total density (corresponding to a
20 value), 4) the "F(99.74%)" total density (comresponding to a 3¢ 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 "worst-case” value and “solidified
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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 ratic and the RH-TRU total
curie-to-total gamma curie ratio). The total heat-to-total curie load ratio is 0.003668
watts/curie 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 WIWBIR [BIR-1d] (see footnote 1 of Table 9). The total curie-to-total gamma
curie ratio is 1.0l 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
findings (such as average waste container heat loads, etc.,) can be found in the mary 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 wart 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.
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Table 6.  Site RH-TRU Waste Anticipated Volumes *
Final Site RH-TRU Anticipated Waste Volumes [m?]
Wasie
From Site Name
ANL-W BCLDP BT HAN INEL KAPL
Combustible
Ftiter 298
Graphite
Heterogeneous 0.67 7L 1.557 3,006.873 16.434 36.46
Inorganic
Non-metal
Salt Waste 23
Solidified 21
Inorganics
Solidified
Crzanics
Uneategorized 8.532 9.71
Metals
Unknown 23.736 11.13
Lead/Cadmium 0.36 5.6
Meral Waste
Site Total 36.278 71.00 1.557 3006.873 47.774 36.46
Site Name
LANL ORNL SRS WIPP WIPP
Total %
Combustible 18. 18. 0.38
Filter 298 0.06
Graphite
Heterogeneous 565.51 63.92 3,762.424 78.57
Inorganic
Non-metal
Salt Waste 23 0.06
Solidified 785.00 781 16.44
Inorganics
Solidified
Organics
Uncategorized 15596 174202 364
Metals ;
Unknown 34.866 0.73
Lead/Cadmium 596 0.12
Metal Waste
Site Total 17396 135051 6392 10,00 %

4,788.332

* Data from Ref. BIR-Ib.
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Table 7. Statistics for RH-TRU Waste Densities (a) »
Materials Waste Density [Kg/m1]
Heterogeneous Truncated Exponential Distribution (b)
(78.6 vol%)
aflz®lb A Statistical Results
[min/ave/max] frm YK, 2] F(68.26%) F(95.44%) F(99.74%)
inorganic Iron Based 0.0/108.5/1716.4 9.21657-1 1.245142 3.3503+2 6.4581+2
Aluminum Based 0.0123.02630 434728-2 2.6397+1 7.1024+1 1.3682+2
QOther Metals 0.0/0.2/500.0 4.99995+0 229521 6.1757-1 1.1905+0
Other Inorganics 0.0/38.6/2000.0 NC (c) 2000.0(4) 20600.0(d) 2000.0(d)
Organics Cellulose 0.0734.3M961.5 2.91545-2 3.9362+1 1.0591+2 2041642
Rubber 0.0/5.9/163.5 1.69491-1 6.7708+0 1.8218+1 35118+
Plastics 0.0/30.7/550.0 3.25732-2 3.5231+1 9.4797+1 1.8273+2
Solidified [norganic 0.0/0.1/15.0 9.99999+0 1.1476-1 3.0879-1 595221
Materials Organic 0.0/0.073.0 NP 3.0(d) 3.0(d) 3.0(d}
Soils 0.0/2.3/193.0 4.34783-1 2.6395+0 7.1021+0 1.3690+1
Total({ave) 243.6
Total(max) 63654 2,2383 2,636.0 3,223.1
Solidified Truncated Exponenial Distribution (b)
Inorganics
(16.4 vol%)
al/x/lb A Statistical Results
[min/ave/max] m¥Kg1 F(68.26%) F(95.44%) | F(99.74%)
Inorganic iron Based 0.0/0.0/0.0 NP 0.0(d) 0.0{d) 0.0(d)
Aluminum Based 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Qther Metals 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Other Inorganics 0.0/1.1/528.8 9.09090-1 1262440 3.3966+0 6.3475+0
Organics Cellulose 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Rubber 0.0/0.0/0.0 NP 0.0(d) 0.0(c) 0.0(d)
Plastics 0.0/0.0/0.0 NP 0.0¢d) 0.0(d} 0.0(d)
Solidified Inorganic 173.1/792.211057.7 NC (c) 1057.7(d) 1057.7(d) 1057.7(d)
Materials Organic 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Soils 0.0/0.0/:0.0 NP 0.0(d) 0.0(d} 0.0d)
Total(ave) 793.3
Total(max) 1.586.5 1,059.0 1,061.1 1,0642

(@) Data from Ref. BIR-Ic (ranked by volume percentages to be sent 10 WIFP).
(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,

NP Not possible to compute because a=%£ (i.e., data does not correspond to

a truncated exponential function),
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Table 7 Continued.  Statistics for RH-TRU Waste Densities (a)
Materials Waste Density [Kg/m?)
Uncategorized Truncated Exponential Distribution (b)
Metal
(3.6 vol%)
alx/b A Statistical Results
[min/ave/max] m¥Kgl F(68.26%) F(95.44%) | F(99.74%)
Enorganic fron Based 0.0/226.8/380.3 2.9133-19 3.3030+2 3.803+2 3.803+2
Aluminum Based 0.0/22/141.4 4.54545-1 2.5247+0 6.7933+0 1.3025+1
Other Metals 0.07279.0/913.5 NC (¢} 913.5(d) 913.5(d} 913.5(d)
Other Inorzanics 0.0/1.734.6 121617-1 9177140 23161+l 3.3294+]
Organics Cellulose 0.0/1.8/68.7 5.55555-1 2.0657+0 5.5581+0 1.0714+1
Rubber 0.0/0.1/18.0 9.99999+0 .1476-1 3.0878-1 5.9322-1
Plastics 0.0/1.6/82.1 .24999-1 1.8362+) 4.9406+0 9.5236+0
Solidified Incrganic 0.0/0.073.7 NP 3.7(d) 37 37(d)
Materials Organic 0.0/0.0/3.7 NP 3.7(d) 3d) 3.7(d)
Soils 0.0/0.072.9 NP 2.9(d) 2.9(d) 29(d)
Total{ave) 519.2
Total(max) 1,648.9 1,318.8 1,3449 1,371.3
Unknown Truncated Exponential Distribution (b)
(0.73 vol %)
al/f/b A Statistical Resuits
[minfave/max) im 3‘/Kg ] F{68.26%) F(95.44%) F(95.74%)
Inorganic iron Based 0.0/0.010.0 NP 0.0¢d) 0.0(d) 0.0(d)
Aluminum Based 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Other Metals 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Other Ingrganics 0.0/0.0/0.0 NP 0.0(d) 0.0(d) Q.0d)
Organics Celiglose 0.0/0.0/0.0 - NP o) - 0.0(d) - 0.¢d)
Rubber 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Plastics 0.00.0/0.0 NP 0.0(d) Q.Y 0.0(d)
Solidified Incrganic 0.0/0.0/0.0 NP . 0.(d) Q.0(d) 0.0(d)
Materials Organic 0.0/0.0:0.0 NP 0.0(d) 0.0(d) 0.0(d)
Soils -0.0/0.0/0.0 .NP 0.0(d} 0.0(d) 0.0(d)
Total(ave) 0.0
Total{max) 0.0 0.0 0.0 0.0
(@) Data from Ref. BIR-Ic (ranked by volume percentages to be sent W]PP)
(b) Statistical analyses performed 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.
NP Not possible to compute because a=£ {i.e., data does not correspond to
a truncated exponential function).
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Table 7 Continued.  Statistics for RH-TRU Waste Densities (a)
Materials Waste Density {Kg/m®]
Combustible Truncated Exponential Distribution (b)
(0.38 voi%)
alx/b A Statistical Results
[min/ave/max] [m 3/Kg] F(68.26%) F(95.44%) F(99.74%%)
Inorganic Iron Based 254.07257.7/265.2 NC (c) 2652 2652 265.2
Aluminum Based 0.4/0.4/0.4 NP 0.4(d} 0.4(d) 0.4(d)
Other Metals 18.8/18.8/89.7 NP 89.7(d) 89.7(d) 83.7(d)
Other Inorganics 6.8/6.8/6.8 NP 6.8(d) 6.8(d} 6.8(d)
Organics Cellulose 59.2/64.0/68.7 1.40200-9 6.5685+1 6.8267+1 6.8675+1
Rubber 1.0/1.1/1.2 1.01000-7 1.1365+0 1.15909+0 1.1995+0
Plastics 4.9/5.3/5.7 1.02010-3 5.4461+0 5.6635+D 5.6979+0
Solidified Inorganic 0.0/0.0/0.0 NP 0.0(d) 0.0(cd) 0.0(d)
Materials Organic 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Soils 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Total{ave) 354.1
Total(max) 437.7 4344 437.2 437.7
Lead/Cadmium Truncated Exponential Distribution (b)
Metal Waste
(0.12 vol%)
al%/b A Statistical Results
(min/ave/max] m¥Kg) F(68.26%) F(95.44%) | F(99.74%)
Inorganic Iron Based 0.0/12.0/256.1 8133332 1.3771+1 3.7054+1 T.1427+1
Aluminum Based 0.0/1.3727.8 7.69230-1 1.4919+0 4014240 7737940
Other Metals 0.0/43.6/109.6 1.}4806-2 5.8419+] 1.0013+2 1.050342
Other Inorganics 1.2/165.77754.8 NC () 754 8(d) 754.8(d) 754.8(d)
Organics Cellulose 0.0/7.7/45.3 127539-1 8.9459+0 2.3719+1 4.0531+1
Rubber 0.0/92.3/190.4 9.60477-4 1.2611+2 1.8092+2 1.8986+2
Plastics 0.0v15.1/67.6 6.19505-2 1.3006+1 4,5391+1 6.5084+1
Solidified Inorganic 0.0/5.9/6192 1.69491-1 6.7708+0 1.8218+1 3.5118+1
Materials Organic 0.0/0.010.0 NP 0.0(d) 0.0(d) Q.0(d)
Soils 0.0/0.4/1.2 1.79093+0 5.1586-] 1.0343+0 1.1891+0
Total(ave) 344.0
Total{max) 20720 988.8 1,165.3 1,274 8
{(a) Data from Ref. BIR-1c (ranked by volume percentages to be sent to ).
{b) Statistical analysis perform with use of Equations 22 —» 27,
(¢) Maximum material partial density for final waste form.
(d) Value assign is material maximum, not calculated value.
A

NC Not computed because parameter is maximum partial density of material.
NP Not possible to compute because a=% (i.e., data does not comrespond to

L

a truncated exponential function).

B
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Table 7 Continued.

Statistics for RH-TRU Waste Densities (a)

Materials Waste Density [Kg/m®)
Filter Truncated Exponential Distribution (b)
{0.06 vol%)
ali/b A Statistical Results
[min/ave/max] m¥Kg] F(68.26%) F(95.44%) | F(99.74%)
Inorganic Iron Based 0.0/0.0/0.0 NP C.Xd) 0.0(d) 0.0(d)
Aluminum Based 0.0/0.0/0.0 NP 3.0(d} 0.0(d) 0.0(d)
Other Metals 0.0/0.0/0.0 NP 0.0(d) 0.0¢d) 0.0(d}
Other Inorganics 214.97232.5241.2 NC (¢} 241.2(d) 241.2(dy 241.2(d)
Organics Cellulose 0.0/:0.00.0 NP 0.0(d) 0.0(d) 0.0{(d)
Rubber 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Plastics BR/BRER NP 2.8(d} 2.8(d) £.8(d)
Soiidified Inorganic 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Materials Oreganic Q.0/0.0/00 NP 0.0(d} 0.6(d}) 0.0(d)
Soils 0.0/0.0/0.0 NP 0.0(d) 0.0(d) 0.0(d)
Total(ave) 2413 X
Total{max) 250.0 250.0 250.0 2500
Salt Waste Truncated Exponential Distribution (b)
{0.06 vol%)
ali/b A Statistical Results
[minfave/max] m 3/Kg ] F(68.26%) F(95.44%) F(99.74%)
Inorganic Iron Based 3.7/20.1286 1.30100-12 2.0697+1 2.7465+1 2.8535+1
Aluminum Based G.010.2/3.1 4.99998+0 229521 6.1757-1 1.1904+0
Other Metals 1.6/8.4/169 4.38995-2 1.0855+1 1.5927+1 1.6843+1
Other Inorganics 106.3/239.2/591. 1 NC (c) 591.1(d) 5%1.1(d) 591.1d) '
Organics Cellulose 0.0n.038 8.1642-1 1.2248+0 2.8855+0 3.722140 i
Rubber 0.0/0./0.3 NP 0.3(d) 0.8(d) 0.3(d)
Plastics 1.1/1.9/52 1.20560+0 2.0393+0 3.5458+0 4.9438+0
Solidified Inorganic 0.0/0.0/0.4 NP 0.4(d) 0.4(d) 0.4(d)
Materials Organic 0.0/0.010.4 NP 0.4{d} 0.4(d) 0.4{d)
Soils 0.0/0.6/0.0 NP 0.0(d) 0.0(d} 0.0(d)
Totai(ave) 270.8
Total{max) 650.3 6277 643.1 647.9

(a) Data from Ref. EIR-Ic {ranked by volume percentages to be sent to WIPP).
(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.
NP Not possible to compute because a=£ (i.e., data does not correspond to

a truncated exponertial function).
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Table §. RH-TRU Surface Dose and Gamma Flux Rates
Variable Corresponding Result (a)
Conventional SI
Units Units
H @) 1000.0 [remvhr] 10. [Sv/hr]
Q © 1.0 1.0
D @ 1000.0 {rad/hr) 10. [Gyshr]
f. (e} 0.93643 0.93643
X ~1067.9 [R/hr] ~0.276 {coulkg—hr] @)
Cp (®) 1.8452E -6 1.8452E-6
o () - 5.787E+08 [vem®—sec} ) - 5.787E+08 [pem?—sec)

{2) Results in this table correspond to steps ] — 4 of Tabie 1.

{b) Maximum RH-TRU canister surface dose rate allowed by Ref. LWA-1.
{¢) Value from Table 2.

(d) Calculated via Equation 1.
(e) Calcuiated via Equation 3b using Table 3, assuming £y = 1.0 MeV'.
(f) Calculated via Equation 2.
{g) Calculated via Equation 3¢ using Table 3, assuming Ey = 1.OMeV,
(h) Calculated via Equation 4.

(i) There isn’t a SI conversion for Roentgen, mks equivalent is given.

(i) Note, this is a very large gamma flux, very dangerous radiation fieid.
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Table 9. Disposal Radionuclide Inventory

Nuclide WIPP TRU Waste
D Energy Total Heat % Heat
[MeVAdis] Inventory Load Toad
[Curies] [Watts] (%]
(a) (b) (c)
CH RH CH RH CH RH
Ac22S 5.893E+00 2.030E+00 3.280E-01 7.09E-02 1.15E-02 R.39E-05 1.48E04
Ac22? 8.169E-02 6.550E-01 1.520E-02 317E-04 7.36E-06 3.75E-07 5.51E-08
Ac2?g 1.458E+00 5.270E-01 4.080E-03 4.55E-03 3.53E-05 539E-06 4 56E-07
Agl09m 8.696E-02 4 B5S0E+0] NR 2 50E-02 - 2.96E-05 -
Agllo L.212E+00 5.610E-06 1.070E-05 4.03E-08 7.69E-08 4.77E-11 9.93E-10
Agl10m 2.317E+00 4210E-04 8.060E-04 7.03E-06 1.35E-05 8.32E-09 1.74E-07
Am24] 5.604E+00 2.230E+05 5.300E+02 741E+03 1.76E+01 8.76E+00 2.28E-01
Am242 1.915E-01 4.930E-02 NR 5.60E-05 - 6.62E-08 -
Am242m 6.664E-02 4.960E-02 NR 1.96E-05 - 232E-08 -
Am243 5.423E+00 2.940E+0] 1.220E-02 9 45E-01 3.92E-04 1.12E-03 5.07E-06
Am245 3.130E-01 9.070E-09 2.520E-14 1.68E-11 4.68E-17 1.99E-14 6.04E-19
AL217 7.199E+00 2 (130E+00 3.280E-01 B.66E-02 1.40E-02 1.02E-04 1.81E-04
Bal37m 6.624E-0l 5.030E+03 3.100E+05 1.98E+01 1.22E+03 2.34E-02 1.57E+01
Bi210 3.890E-01 1.OI0E+00 4.090E-11 2.33E-03 9.43E-14 2.75E-06 1.22E-15
Bi2l1 6.729E+00 6.570E-01 1.460E-02 2.62E-02 5.82E-04 3.10E-05 7.53E-06
Biz2l2 2.869E+00 2.770E+01 9.030E+00 471E-01 1.54E-01 5.57E-04 1 98E-03
Bi2l3 7.097E-01 2 030E+00 3.280E-01 2.53E-03 1.38€-03 t OLE-05 1.78E-05
Bi2l4 2.162E+00 5.840E-+00 7.230E-10 748E-02 927E-12 8.85E-05 1.20E-13
Bk249 1.256E-01 6.250E-04 1.740E-09 4.63E-07 1.29E-12 5.48E-10 1.67E-14
BKk250 1.IT2E+00 2.350E-06 NR 1.63E-08 - 1.93E-11 -
Cid 4 947E-02 1.830E+01 1.510E4+02 5.37E-03 4 43E-01 6.35E-06 5.72E-04
Cd109 1 960E-02 4.850E+01 - NR 5.64E-03 - 6.66E-06 -
Cdl13m 2.840E-01 4.650E-05 2.360E-05 7.83E-08 3.97E-08 9.26E-11 5.13E-10
Celad 1.119E-01 8.220E+01 5.580E+02 5.45E-02 3.70E-01 6.45E-05 4,78E-03
Cr49 7.806E+00 1.560E+00 R.110E-02 722E-02 3.75E-03 8.54E-05 4.85E-05
CF250 6.267E+00 3.540E-01 NR 1.32E-02 - 1.56E-05 -
cfs1 6.027E+00 3.930E-03 NR 1.40E-04 - 1.66E-07 -
crsz2 1.204E+01 1.850E+02 5.110E+01 1.32E+01 3.65E+00 L5S6E-02 4.71E-02
Cm242 6.216E+00 1.480E-02 . NR 5.4SE-04 - 6.45E-07 -
Cm243 6.189E+00 1.330E+00 2.010E+03 4.88E-02 T37E+01 5.77E-05 9.53E-M
Cm244 5.901E+00 5.400E+03 1.070E+04 1.R9E+02 3.74EHR2 223E-01 4.84E+00
Cm245 5.598E+00 5.160E+01 1.320E-05 1.71E+00 4.38E-07 2.03E03 5.66E-09
Cm246 5.523E+00 [.100E-01 NR 3.60E-03 - 426E-06 -
Cm247 2.390E+00 2.980E-09 NR 422F.11 ~ . 499E-14° -
Cm248 2.100E+01 5.060E-02 2.340E-03 6.30E-03 _ 291E-04 :.7.45E-06 3.76E-06
Cos8 1.009E+00 5.500E-05 7.920E-07 329E-07 4.74E-09 3.89E-10 6.12E-11
Co60 2,601 E+00 1.530E+02 1.080E+04 2.36E+00 1.67TE+02 . 2.79E-03 2.15E+00
Cr51 3.620E-02 NR 2.540E-31 - 5.45E-35 - 7.04E-37
Csi34 1.717E+00 5.880E+00 2.150E+03 5.98E-02 2.19E+01 7.08E-05 2.83E-01
Cs135 5.630E-02 7.900E-03 4 580E-03 2.64E-06 1.53E-06 3.126-09 1.98E-08
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Table 9 Continued. Disposal Radionuclide Inventory
Nuclide WIPP TRU Waste
D Energy Total Heat % Heat
[MeV/dis] Inventory Load Load
[Curies] [Watts] (%]
(a) (b) ()

CH RH CH RH CH RH
Cs137 1.866E-01 5.320E+03 3.280E+05 5.88E+00 3.63E+02 6.96E-03 4.69E+00

Es254 6.623E+00 2.350E-06 NR 9.23E-08 - 1.08E-10 -

Eul50 1 S40E+00 3.650E-05 NR 3.33E-07 - 3.94E-10 -
Euls2 1.276E+00 7.410E+00 5.280E+04 561E-02 3.99E+02 6.63E-05 5.16E+00
Eul54 1.509E+00 3.050E+01 2 T60E+M 2.73E-01 24TE+H2 3.23E-04 3.19E+00
Euls$ 1327E01 4.140E+01 6.780E+03 3.01E-02 4.93E+00 3.56E-05 6.37TE-02
Fe55 5.700E-03 3.396E-05 1.440E+01 LILE-09 487E-04 1.32E-12 6.29E-06
Fe59 1.306E+00 1.960E-02 4.040E-19 1.52E-04 3.13E-21 1.79E-07 4.04E-23
Fr221 6.511E+00 2 030E+00 3.280E-01 7.84E-02 127E-02 9.27E-05 1.64E-04
Fr223 4.381E-01 9 040E-03 2. 100E-04 2.35E-05 5.45E-07 2.78E-08 7.05E-09
H3 5.608E-03 9.640E-01 8.230E+01 3.20E-05 2.74E-03 3.79E-08 3.54E-05

1129 7.804E-02 1.280E-09 NR 5.92E.13 - 7.00E-16 -
K85 2527801 2.240E-01 9.580E+01 3.36E-04 1.44E-01 397E-07 1.85E-03
MnS4 8.398E-01 1.120E-02 2. 760E+00 5.58E-05 1.37E-02 6.59E-08 1.78E-04
Nb95 8.092E-01 4.960E-D1 9.9D0E+00 2.38E-03 4.75E-D2 2.81E-06 6.14E-D4
Nb95m 2.344E.01 1.660E-03 3.410E-02 2.31E-06 4.74E-05 2.73E-09 6.12E-07

Ni59 6.700E-03 3.380E-03 NR 1.34E-07 - 1.59E-10 -
Ni63 1.700E-02 4.190E-01 5.030E+01 4.22E-05 5.07E-03 4.99E-08 6.55E-05
Np237 5.156E+00 8.820E+01 1.180E-02 2. 70B+00 3.61E-04 3.19E-03 4.66E-06

Np238 3.080E-01 2.480E-04 NR 1.19E-06 - 1 A0E-09 -
Np239 4.078E-01 2.940E+01 1.220E-02 711E-02 2.95E-05 8.41E-05 3.81E-07
Np240 1.788E+00 1.100E-09 1.780E-13 LI7E-11 1.89E-15 1.38E-14 2.44E-17
Np240m 9.776E-01 1.000E-06 1.620E-10 5.80E-09 9.39E-13 6.85E-12 1.21E-14
Pa23] 5.083E+00 4.080E-03 1.780E-01 1.23E-04 5.36E-03 1.45E-07 6.93E-05
Pa233 3.829E-01 3.320E+01 1.180E-02 7.54E-02 2.68E-05 8.91E-0S 3.46E-07
Pal34 2.423E+00 2.440E-02 1.700E-02 3.50E-04 2.44E-04 4.15E-07 3.16E-06
Pa234m 8.337E-01 1.880E+01 1.310E+01 9.29E.02 6.4TE-02 1.10E-04 8.37E-04
Pb209 1.940E-01 2.030E+00 3.280E-01 2.33E-03 3.77E-04 2.76E-06 4.87E-06
Pb210 3.908E-02 1.010E+00 4.090E-11 234E-04 9.43E-15 2.77E-07 1.22E-16
Pb211 $.055E-01 6.570E-01 [.460E-02 1.97E-G3 4.38E-05 2.33E-06 5.65E-07
Pb2I2 3212E-01 2.770E+01 9.030E+00 527E-02 1.72E-02 6.24E-05 2.29E-04
Pb214 53B0E-01 5.B40E+00 7.230E-10 1.86E-02 231E-12 2 20E-05 29%E-14
Pd107 1.000E-02 1.170E-03 6.770E-04 6.94E-08 4.01E-0% 8.20E-11 5.19E-10
Pml47 6.051E-02 1.260E+03 © 4.100E+03 4 52E.01 1.47E+00 5.35E-04 1.90E-02
Po210 5.408E+00 £.920E-01 3.050E-11 2.86E-02 9 78E-13 1.38E-05 1.36E-14
Po211 7.592E+00 1.790E-03 3.980E-05 8 O6E-05 1.79E-06 9 53E-08 231E-08
Po212 8.940E+00 1.780E+01 5.780E+00 9.43E-01 3.06E-01 1.12E-03 3.96E-03
Po213 R.537E+00 1.990E+00 3.210E-01 1.01E-01 1.62E-02 1.19E-04 2.10E-04




- 27 -

Table 9 Continued. Disposal Radionuclide Inventory

¥ s .

T N
Nuclide WIPP TRU Waste
ID Energy Total Heat % Heat
[MeVdis] Inventory Load Load
[Curnes] [Watts) %]
(a) (b) ©)
CH RH CH RH CH RH
Po2l4 7.833E+00 5.84DE+00 7.230E-10 271E-01 3.36E-1] 3.21E-04 434E-13
Po215 7.531E+00 6.570E-01 1.460E-02 2.93E-02 6.52E-04 34TE-05 8.42E-06
Po216 6.906E+00 1.770E+01 9.030E+00 1.13E+00 3.70E-01 1.34E-03 478603
Po218 6.113E+00 5.840E+00 7.230E-10 2.12E-01 2.62E-11 2.50E-04 339E-13
Prid4 1.240E+00 8.220E+01 5.580E+02 6.04E-01 4.10E+00 7.15E-04 530E-02
Pu236 5.871E+00 1.690E-02 NR 5.88E-04 - 6.96E-07 -
Pu238 5.591E+00 1.890E+06 3.530E+03 6 26E+04 LI7E+02 7.41E+01 L51E+00
(&) . (2
Pu239 5.199E+00 3.850E+05 6.410E+03 119E+04 [.9BE+2 14001 2.55E+00
Pu240 5.253E+00 7.220E+04 1.740E+02 2.25E+03 5.42E+00 2 66E+00 7.00E-02
Pu24l 5230E-03 1.010E+06 9.060E+02 3.13E+01 2.81E-02 3.70E-02 363E-04
Pu242 4.987E+00 1.270E+03 1.480E-02 3.75E+01 437TE-04 244802 5.65E-06
Pu243 1.947E-01 2.980E-09 NR 344E-12 - 4.07E-15 -
Pu44 4.892E+00 1.000E-06 1.620E-10 2.90E-08 470E-12 343E-11 607E-14
Ra3 6.007E+00 6.570E-01 1.460E-02 234E02 S20E-(4 2.77E-05 6.72E-06
Ra224 SJ90E+00 2.770E+01 9.030E+00 9.51E-01 3.10E-0i 1.12E-03 4.00E-03
Ra225 1.183E-01 2.040E+00 3.310E-01 1.43E-03 232E-04 1.69E-06 3.00E-06
Ra226 4.871E+00 5.840E+00 7.230E-10 1.69E-01 2.09E-11 1.99E-04 270E-13
R222% 1.300E-02 5.270E-01 4.080E-03 4 DGE-05 3.14E-07 4.80E-08 4.06E-09
Rh106 1.618E+00 4.020E+01 8.420E+02 3.86E-01 8.08E+00 4.56E-04 1.04E-01
Ra219 7.000E+00 6.570E-01 1.460E-02 2.73E-02 6.06E-04 I2IE05 7.83E-06
Rn220 6.405E+00 2.770E+01 9.030E+00 1.05E+00 3.43E-01 1.24E-03 443E-03
Rn222 5.590E+00 5.840E+00 7.230E-10 1.94E-01 2.40E-11 229E-04 3.10E-13
Rul0s 1LOO3E-02 4.020E+01 8.420E+02 2.39E-03 SOIEQ2 | 233E06 .. 6.47E-04
Sbl2s 5.274E-01 1.580E+01 2 460E+(3 494E-02 7.69E+00 5.B4E-05 9.94E(2
5b126 3.117E+00 2.130E-03 1.230E-03 3.94E-05 227E-05 4.65E-08 2.94E-07
Sb126m 2,148E+00 1.520E-02 %.850E-03 1.94E-04 1.13E-04 2.29E-07 1.46E-06
Se79 4.200E-02 6.860E-03 3.970E-03 L7IE-D6 9.8RE-07 2.02E-09 1.28E-08
Smis| 1978802 2.500E+01 1.420E+01 293E-03 1.67E-03 347E-06 - 2.15E-05
Snli9m 8.720E-02 6.800E-03 1.370E-02 1.52E-06 7.08E-06 4.16E-09 9.15E-08
Sn12im 3.380E-01 4820E-01 2 690E-01 9 66E-04 5.39E-04 1.14E-06 6.96E-06
Snl26 2 1G4E- 1.520E-02 8.800E-03 1.90E-05 1.10E-0$ 224E08 142E-07
$190 1.958E-01 4.070E+03 6.680E+05 472E+00 . | . LISEH02 5.59E-03 - 1.00E+0t
® R A ' SRS
Tal82 5.000E-01 NR 1.720E-04 - 5.10E-07 - 6.59E-09
Te%9 8.460E-02 2.460E+01 2280E-01 1.23E-2 1.14E-04 - 1.46E-05 1.48E-06
Tel25m 1.418E-01 6.550E-04 1.010E+33 S.51E-07 849E01 - | ~651EI0° 1.10E-02
Tel2? 2.278E-01 1.070E-02 1.130E-0} 4.15E-05 1.53E-04 490E-08 1.97E-06
Tei2m 9.074E-02 3.150E-02 1.150E-01 1.69E-05 6.19E-05 2.00E-08 - 799E-07
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Table 9 Continued. Disposal Radionuclide Inventory
Nuclide WIPP TRU Waste
ID Energy Total Heat % Heat
(MeV/dis ] Inventory Ioad Load
[Curies] [Watts) [%]
(a) (b) (c)
CH RH CH RH CH RH
Th227 6.157E+00 6.560E-01 1.430E-02 2.39E-02 5.40E-04 2.83E-05 6.98E-06
Th228 5517E+00 2.770E+01 9.040E+00 9.06E-01 2.96E-01 1.O7E-03 382E-03
Th229 5.161E+00 2.050E+00 3.360E-01 6.27E-02 1.03E-02 7.42E-05 133E-04
Th230 4.7T4E+00 4.900E-02 8.790E-07 1.39E-03 2.49E-08 1.64E-06 321E-10
Th231 9.466E-02 2.830E+00 2.210E+03 1.62E-03 1.24E+00 1.91E-06 1.60E-02
Th232 4.084E+00 6.070E-01 7.090E-03 1.47E-02 1.72E-04 1.74E-05 2.22E-06
Th234 6.840E-02 1.880E+01 1.310E+01 7.62E-03 531E-03 9.02E-06 6.86E-05
T1207 4.954E-01 6.560E-01 1.450E-02 1.93E-03 426E-05 2.28E-06 5.50E-07
T1208 3.970E+00 9.960E+00 3.240E+00 2.34E-01 7.63E-02 2.77E-04 9.85E-04
TI209 2.303E+00 4390E-02 7.080E-03 729E-04 1.18E-04 8.63E-07 1.52E-06
T1210 ~(d) 1.230E-03 1.520E-13 - - - -
U232 5.416E+00 2.630E+01 1.160E+01 8.44E-01 3.72E-01 9.99E-04 4.81E-03
U233 4.904E+00 1.380E+03 8.570E+02 4.01E+01 2.49E+01 4.74E-02 3.22E01
uz34 4.859E+00 2.500E+02 4.180E-02 7.20E+00 1.20E-03 8.52E-03 1.56E-05 Il
U235 4.418E+00 2.880E+00 5.660E+00 7.54E-02 1.48E-01 8.92E-05 1.92E-03
U236 4.570E+00 1.340E-01 " 4.110E-05 3.63E-03 L.I1E-06 429E-06 1.44E-08
U237 3.192E-01 2.470E+01 2.220E-02 467E-02 4.20E-05 5.53E-05 5.43E-07
U238 4279E+00 1.880E+01 1.310E+01 4.T7E-01 332601 5.64E-04 4.29E-03
U240 1.384E-01 1.000E-06 1.620E-10 8.20E-10 1.33E-13 9.70E-13 1.72E-15
Y90 9.350E-01 4.070E+03 6.680E+03 2.26E+01 3.70E+03 2.67E-02 4.78E+01
44 (h)
Zn6s 5.504E-01 1.210E-08 NR 4.23E-11 - 5.01E-14 -
7193 1.960E-02 8.870E-02 5.140E-02 1.03E-05 5.97E-06 1.22E-08 7.72E-08
Z95 8.545E-01 2.240E01 4.600E+00 1.13E-03 2.33E-02 1.34E-06 3.01E-04
Sum = 3.61E+06 2.11E+06 8.46E+04 7.74E+03 1.00E+02 1.00E+02
(1) 9] *) {D
- Not calculated.

NR Not Reported by sites (see Ref. BIR-1d).
(a) Data from Ref Or-1.
{b) Data from Ref BIR-1d.

(c) Data calculated from the equation; .
Heat Load = TOTAL ACTIVITY(Ci) bt I0istsec) prppcy (Mevaisy E206EV "602]95"19] “"’”J_’“’
i [ e
Heat Load (watts) = 0.005928103 x TOTAL ACTIVITY(Ci)x ENERGY (MeV/dis}
(d) Disintegration energy not available in Ref. Or-1.
(¢} Max total curie load for CH-TRU wastes.
(f) Max total curie load for RH-TRU wastes.
(g) Max heat load for CH-TRU wastes.
(h) Max hear 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 volurnetric total curie load is 3.61E+06/5.95E+06 = 0.607 (Ci/cu. f.) = 2143 (Cifcu. m.).
[See discussion note on Ref. LWA-1 for volumes -- CH—5.95E+06 cu. ft. Also note that the 5.95E+06 volume
number is a volume limit, stored waste and projected waste volumes sum up 10 a volume less than this volume.
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The sumnmed 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-1e). ] :

Note, the total RH-TRU curie load is only 2.11 MCi (also, 36.9 % of the twotal curie load in WIPP).

This curie load is much less than the RH-TRU limit of 5.1 MCi [Ref. LWA-1].

The average RH-TRU volumetric total curie load is 2.11E+06/0.25E+06 = 8.440 (Ci/cu. ft.) = 298.1 (Ci/cu. m.).
[See discussion note on Ref, LWA-] for volumes -- RH—0.25E+06 cu. f1.]

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 84.6E+03/3.61E+06 = 0.02343.

The average CH-TRU volumetric heat foad is 84.6E+03/5.95E+06 = 0.0142 (W/eu. fu) = 0.502 (W/cu. m.).
The average CH-TRU drum heat load is 0.502 (W/cu. m.)x 0.2082 (cu. m.) = 0.1045 W.

[The volume of a CH-TRU drum was set equal to the nominzl volume of a 55-gal drum.]

Note, the total RH-TRU heat load is only 7.74 kW (also, 8.4 % of the rotal heat load in WIPP),

The ratio for RH-TRU of total heat load to total curie load is 7.74E+03/2.1 IE+06 = 0.003668.

The average RH-TRU volumetric heat load is 7.74E+03/0.25E+06 = 0.0310 (W/cu. ft.) = 1.09 (W/cu. m.).
The average RH-TRU canister heat load is 1.09 (W/cu. m.)x 0.6246 {cu. m.) = 0.6808 W (this is about

ten times that of an average CH-TRU drum). [The 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-1f], these canisters are loaded with three 55-gal drums internally. Ref, Lo-1.]
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Table 10. RH-TRU Waste Radionuclide Gamma Activity Ratios
Nuclide WIPP TRU Waste
1D Gamma Total Gamma % Gamma
Activity Inventory Inventory Inventory
Fraction [Curies] [Curies] (%]
(a} (b) ()

CH RH CH RH CH RH
AC225 0.000E+00 2.030E+00 3.280E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ac227 9.862E-01 6.550E-01 1.520E-02 6.46E-01 1.50E-02 6.27E-05 T.18E-07
Ac228 1.000E+00 5.270E-01 4.080E-03 5.27E-01 4.08E-03 5.11E-05 1.95E-07

Ag109m 1.000E+00 4.850E+01 NR 4.85E+01 - 4.70E-03 -
Agl10 1.000E+00 5.610E-06 1.070E-05 5.61E-06 1.07E-05 5.44E-10 5.13E-10
Agl10m 1.000E+00 4210E-04 8.060E-04 421E-04 8.06E-04 4.08E-08 3.86E-08
Am241 0.000E+00 2.230E+05 5.300E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Am242 1.000E+00 4.930E-02 NR 493E-02 - 4.78E-06 -

Am242m 9.950E-01 4.960E-02 NR 4.94E-02 - 4.79E-06 -
Am243 0.000E+00 2.940E+01 1.320E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Am245 1.000E+00 9.070E-09 2.520E-14 9.07E-09 2.52E-14 8.80E-13 121E-18
ARl7 0.000E+00 2.030E+00 3.280E-0! 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Bal37m 1.000E+00 5.030E+03 3.100E+05 5.03E+03 3.10E+05 4.88E-01 1.49E+01
Bi210 1.000E+00 1.010E+00 4.090E-11 1.01E+00 4.09E-11 9.80E-05 1.96E-15
B2} 2.800E-03 6.570E-01 1.460E-02 1.84E-03 4.09E-05 1.79E-07 1.96E09
Bi212 6.407E-01 2.770E+01 9.030E+00 1.78E+01 5.79E+00 1.72E-03 2.77E-04
Bi213 9.784E-01 2.030E+00 3.280E-01 1.99E+00 3.21E-01 1.93E-04 1.54E-05
Bi2l4 9.998E-01 5.840E+00 7.230E-10 5.84E+00 7.23E-10 5.66E-04 3.46E-14
Bk249 1.000E+00 6.250E-04 1.740E-09 6.25E-04 1.74E-09 6.06E-08 8.33E-14

BK250 1.000E+00 2.350E-06 NR 2.35E-06 - 2.28E-10 -
Cl4 1.000E+00 1.830E+01 1.510E+02 1.83E+01 LSIE+02 1.78E-03 7.23E-03

Cd109 1.000E+00 4.850E+01 NR 4.85E+01 - 4,70E-03 -
Cdl13m 1.000E+00 4.650E-05 2.360E-05 4.65E-05 2.36E-05 451E-09 L.13E-09
Celd4 1.000E+00 8.220E+01 5.580E+02 8.22E+01 5.58E+Q2 797E-03 267602
Cf249 0.000E+00 1.560E+00 8.110E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Cf2s0 8.000E-04 3.540E-01 NR 2.83E-04 - 2.75E-08 -
cf251 0.000E+00 3.930E-03 NR 0.00E+00 0.00E+00 0.00E+00 0.00E+00
cf252 3.090E-02 1.850E+02 5.110E+01 572E+00 1.58E+00 5.55E-04 7.56E-05
Cm242 0.000E+00 1.480E-02 NR 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cm243 2.400E-03 1.330E+00 2.010E+03 3.19E-03 4.82E+00 3.10E-07 231E-04
Cm244 0.000E+00 5.400E+03 1.070E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cm245 0.000E+00 5.160E+01 1.320E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Cm246 3.00QE-04 1.tQCE-O1 NR 1.30E-05 - 3.20E-09 --
Cm247 0.000E+00 2.980E-09 NR 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cm248 8.260E-02 5.060E-02 2.340E-03 4.18E-03 1.93E-04 4.05E-07 9.26E-09
Co58 1.000E+00 5.500E-05 7.920E-07 5.50E-05 7.92E07 5.34E-09 3.79E-11
Cob0 1.000E+00 1.530E+02 1.080E+04 1.53E+02 1.08E+04 1.48E-02 5.17E-01
Cr51 1.000E+00 NR 2.540E-31 - I 25431 - 1.22E-35
Csi34 1.000E+00 5.880E+00 2.150E+03 5.88E+00 2.15E+03 5.70E-04 1.03E-01
Csl35 1.000E+00 7.900E-03 4.580E-03 7.90E-03 4.58E-03 7.66E-07 2.198-07
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Table 10 Continued. RH-TRU Waste Radionuclide Gamma Activity Ratios

Nuclide WIPP TRU Waste
ID Gamma Total Gamma % Gamma
Activity Inventory Inventory Inventory
Fraction [Curies] [Curies] (%]
(a) {b) (c)

CH RH CH RH CH RH
Csl37 1.DO0E+00 5.320E+03 3.280E+05 5.32E+03 3.28E+05 5.16E-01 1.57E=01
Es254 0.000E+00 2.3150E-06 NR 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Eul50 1.D00E+00 3 450E-05 NR 3.65E-05 - 3.54E-09 -
Eul52 1.000E+00 7.410E+00 5.280E+04 741E+00 5.28E+04 7.19E-04 2.53E+00
Euls4 1.000E+00 3.050E+01 2.760E+04 3.05E+01 2.76E+04 2.06E-03 1.32E+00
EulS5 1.000E-00 4.140E+01 6.720E+03 4. 14E+01 6.78E+03 4.02E-03 3.258-01
Fes5 1.DOOE+00 3.296E-05 1.440E+01 3.30E-05 1.44E+01 320E-09 6.90E-04
Fes9 }.DOOE+00 1.960E-02 4,040E-19 1.96E-02 4.04E-19 1.90E-06 1.94E-23
Fr231 0.000E+06 2 030E+00 3.280E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fr223 9.999E-01 9.040E-03 2 100E-04 9.04E-03 2.10E-04 8.77E-07 1.01E-08
H3 1.000E+00 9.640E-01 8.230E+01 9.64E-01 8.23E+01 9,35E-05 3.94E-03

1129 1.000E+00 1.280E-09 NR 1.28E-09 - 1.24E-13 -
K85 1.000E+00 2.240E-01 9.580E+01 2.24E-01 9.58E+01 2.17E-05 4,59E-03
Mn54 1.D00E+00 1.120E-02 2 TE0E+00 1.1ZE-02 2.76E+00 1.09E-06 1.32E-04
Nb95 1.000E+00 4.960E-01 9.900E+00 4.96E-01 9.90E+00 4.81E-05 4.74E-04
Nb95m 1.000E~+00 1.660E-03 3.410E-02 1.66E-03 341E-02 1.61E-07 1.63E-06

Nis9 1.000E+00 3.380E-03 NR 3.38E-03 - 3.28E-07 -
Ni63 1.000E+00 4,190E-01 5.030E+01 4.19E-01 5.03E<01 4.06E-05 2 41E-03
Np237 0.000E=00 8.820E+01 1.180E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Np238 1.000E+00 2.480E-04 NR 2.48E-04 - 241E-08 -
Np239 1.DOOE+00 2.940E+01 1.220E-02 2.94E+01 1.22E-02 2.85E-03 5.84E-07
Np240 1.000E+00 1.100E-09 1.780E-13 1.10E-09 1.78E-13 1.07E-13 3.53E-18
Np240m 1.000E+00 1.000E-06 1.620E-10 1.00E-06 1.62E-10 9.70E-11 7.76E-15
Pa231 0.000E+00 4.080E-03 1.780E-0] 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pa233 1.000E+00 3.320E+01 1.180E-02 3.32E+01 1.18E-02 3.22E-03 5.65E-07
Pa234 1.000E+00 2.440E-02 1.700E-02 2.44E-02 1.70E-02 237E-06 8.14E-07
Pa234m 1.000E-+00 1.880E+01 1.310E+01 1.88E+01 1.31E+01 1.82E-03 6.27E-04
Pb209 1.000E+00 2.030E+00 3.280E-01 2.03E+00 3.28E-01 1.97E-04 1.57E05
Pb210 1.000E+00 1.O10E+00 4.090E-11 1.01E+00 4.09E-11 9 80E-05 1.96E-15
Pb211 1.000E+00 6.57CE-01 1.460E-02 6.57E-01 1.46E-02 6.37E-05 6.99E-07
Pb2i2 1.000E+00 2.770E+01 9.030E+)0 2.77E+01 9.03E+00 2.69E-03 433E-04
Pb214 1.000E+00 5.840E+00 7.230E-10 5.84E+00 7.23E-10 5.66E-D4 - 3.46E-14
Pdi07 1.000E+00 1.170E-03 6.770E-04 1.17E-03 _ 6.TTE-04 1.14E-07 324E-08
Pmi47 1.000E+00 1.260E+03 4.100E+03 1.26E+03 4.10E+03 1.22E-0t 1.96E-01
Po210 0.000E+00 $.920E.01 3.050E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po211 0.000E+00 1.790E-03 3.980E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po212 0.000E+00 1.780E+01 5.780E+00 0.00E+00 0.00E+00 - 0.00E+00 0.00E+00
Po213 0.000E+00 1.990E+00 3210E-01 0.00E+00 0.00E+00 " 0.00E+00 0.00E+00

% ;g

o
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Table 10 Continued. RH-TRU Waste Radionuclide Gamma Activity Ratios
Nuclide WIPP TRU Waste
1D Gamma Total Gamma % Gamma
Activity Inventory Inventory Inventory
Fraction [Curies] [Curies] (%]
(a) (b) ' (c)
CH RH CH RH CH RH
Po214 0.000E+00 5.840E+00 7.230E-19 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po215 0.000E+00 6.570E-01 1.460E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po216 0.000E+00 2.T70E+01 9.030E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po218 2.000E-04 5.840E+00 7.230E-10 1.17E-03 1.45E-13 1.13E-07 6.93E-18
Pri44 1.000E+00 8.220E+01 5.580E+02 8.22E+01 5.58E+02 7.97E-03 267E-02
Pu236 0.000E+00 1.690E-02 . NR 0.00E+00 - 0.00E+00 -
Pu23g 0.000E+00 1.890E+06 3.530E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
(e
Pu239 0.000E+00 3.850E+05 6.410E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pu240 0.000E+00 7220E+04 1.740E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pu241 1.000E+00 1.OIOE+06 9.060E+02 1.G1E+06 9.06E+02 9.80E+01 4.34E-02
4]
Pu242 0.000E+00 1.270E+03 1.480E-02 0.00E+00 0.00E+00 0.00E+00 Q00E+00 |
Pu243 1.OOOE+00 2.980E-09 NR 2.98E-09 - 2.89E-13 - —
Pu244 1.300E-03 1.000E-06 1.620E-10 1.30E-09 211E-13 1.26E-13 LOIE-17
Ra223 0.000E+00 6.570E-01 1.460E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ra224 0.000E+00 2.770E+01 9.030E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ra223 1.000E+00 2.040E+00 3.310E-01 2.04E+00 3.31E01 1.98E-04 1.59E-05
Ra226 0.000E+00 5.840E+00 7.230E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ra22§ 1.000E+00 5.270E-01 4.080E-03 5.27E-01 4.08E-03 5.11E-05 1.95E-07
Rh10§ 1.000E+00 4.020E+01 8.420E+02 4.02E+01 8.42E+02 3.90E-03 4.03E-02
Rn219 0.000E+00 6.570E-01 1.460E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rn220 0.000E+00 2.770E+01 9.030E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rn222 0.000E+00 5.B40E+00 7.230E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rul06 1.000E+00 4.020E+01 8.420E+02 4.02E+01 8.42E402 3.90E-03 4.03E-02
$bi2s 1.000E+00 1.580E+01 2460E+03 1.58E+01 2.46E+03 1.53E-03 1.18E-01
SbI26 1.000E+00 2.130E-03 1.230E-03 2.13E-03 1.23E-03 2.07E-07 5.89E-08
$b126m 1.000E+00 1.520E-02 8.850E-03 1.52E-02 8.85E-03 1.4TE-06 4.24E-07
$e79 1.000E+00 6.860E-03 3.970E-03 6.86E-03 3.97E-03 6.65E-07 1.90E-07
Sml51 1.000E+00 2.500E+01 1.420E+01 2.50E+01 1.42E401 2.43E-03 6.80E-04
Sni19m 1.000E+00 6.800E-03 1.370E-02 6.80E-03 1.37E-02 6.60E-07 6.56E-07
Snl2lm 1.000E+00 4.820E-01 2.690E-01 4.82E-01 2.69E-01 4.68E-05 1.29E-05
Snl26 1.000E+00 1.520E-02 8.800E-03 1.52E-02 8.80E-03 1.47E-06 4.22E-07
5190 1.000E+00 4.070E+03 6.680E+05 4.07E+03 6.68E+05 3.95E-01 3.20E+01
h)
Talg2 1.000E+00 NR 1.720E-04 - 1.72E-04 - 8.24E-09
Tc99 1.000E+00 2460E+01 2.280E-01 2.46E+01 2.28E-01 2.39E-03 1.O9E-05
Tel25m 1.000E+00 6.550E-04 1.010E+03 6.55E-04 1.01E+Q3 6.35E-08 4.84E-02
Tel27 1.000E+00 3.070E-02 1.130E-01 3.07E02 1.13E-01 298E-06 5.41E-06
Tel27m 1.000E+00 3.150E-02 1.150E-01 3.15E-02 1.15E-01 3.06E-06 5.51E-06
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Table 10 Continued. RH-TRU Waste Radionuclide Gamma Activity Ratios
Nuclide WIPP TR Waste
ID Gamma Total Gamma % Gamma
Activity Inventory Inventory Inventory
Fraction [Curies] [Curies] [%]
(a) (b) ©
CH RH CH RH CH RH
Th227 0.000E+00 6.560E-01 1.480E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Th228 0.000E+00 2.770E+01 9.040E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Th229 0.000E+00 2.050E-+00 3.360E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Th230 0.000E+00 4.900E-02 8.790E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Th231 1.000E+00 2.880E+00 2210E+03 2.88E+00 - 2.21E+03 2.79E-04 1.06E-01
Th232 0.000E+00 6.070E-01 7.090E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Tha34 1.000E+00 1.880E+01 1.310E+01 1.88E+01 1.31E+01 1.82E-03 6.27E-04
TI207 1.000E+00 6.560E-01 1.450E-02 6.56E-01 1.45E-02 6.36E-05 6.94E-07
11208 1.000E+00 9.960E-+00 3.240E+00 9.96E+00 3.24E+00 9.66E-04 1.55E-04
TI209 1.000E+00 4.390E-02 7.080E-03 4.39E-02 7.08E-03 425E-06 3.39E-07
TI210 ~(d) 1.230E-03 1.520E-13 - - - -
U3 0.000E+00 2630E+01 1.160E+01 Q.00E+00 0.00E+00 Q.00E+00 0.00E+00
U233 0.000E+00 1.380E+03 8.570E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11234 0.000E+00 2.500E+02 4.180E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
u23s 0.000E+00 2.880E+00 5.660E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
U236 0.000E+00 1.340E-01 4.110E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
U237 1.000E+00 2 4T0E+01 2220E-02 247E+01 2.22E-02 2.40E-03 1.06E-06
U238 0.000E+00 1.880E+01 1.310E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
U240 1.000E+00 1.000E-06 1.620E-10 1.00E-06 1.62E-10 9.70E-11 176E-15
Y90 1. 00E+00 4.070E+03 6.680E+03 4.07E+03 6.68E+05 3.95E-01 3.20E+01
) )
Zné5 1.000E+00 1.210E-08 NR 1.21E-08 - LITE-12 -
793 1.000E+00 B.870E-02 5.140E-02 8.87E-02 5.14E-02 8 60E-06 2.46E-06
295 1.000E+00 2.240E-01 4.600E+00 224E-01 4.60E+00 2.17E-05 2.20E-04
Sum = 3.610E+06 2.112E+06 1.63E+06 2.09E+06 1.00E+02 1.00E+02
® G (3] 0]
% = 28551 % 98.848 %
(m) ()

— Not calculated.
NR Not Reported by sites {(see Ref. BIR-1d).
(a) Fraction of radionuclide disiniegrations due 10 gammas only.

(Y fraction = 1 - (¢, B. & n fractions).

o, B, and n fraction values from Ref Or-1.
(b) Data from Ref BIR-1d.
{c} Data calculated from the eguation;

Gamma inventory(Ci) = ACTIVITY (Ci yx GAMMA FRACTION
(d) Fraction values not available in Ref. Or-1.
(e) Max total curie load for CH-TRU wastes.
{f) Max toral curie load for RH-TRU wastes.
(g} Max total gamma load for CH-TRU wastes.
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{h) Max total gamma load for RH-TRU wastes.

(i) Note, the total CH-TRU curie foad is oniy 3.61 MCi (also, 63.1 % of the total curie load in WIPP).
The average CH-TRU volumetric curie load is 3.61E+0&/5.95E+06 = 0.607 (Ci‘cu. ft.) = 21.43 (Cifcu. m.}.
[See discussion note on Ref. LWA-1 for volumes — CH—5.95E+06 cu. ft.]

(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 less than the RH-TRU limit of 5.1 MCi [Ref. LWA-1].
The average RH-TRU volumetric curie load is 2.11E+06/0.25E+06 = B.440 (Cifcu. ft.) = 298.1 (Ci/cu. m.).
[See discussion note on Ref. LWA-1 for volumes - RH-+0.25E+06 cu. ft. Also note that the 5.95E+06 volume,
number is a volume limit, stored waste and projected waste volumes sum up to a volume less than this volume.
The summed up volumne 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 [oads (or heat loads) to volume yield values applicable to
expected waste at WIPP (see Ref. BIR-1e). ]

(k) Note, the totai CH-TRU gamma curie load is 1.031MCi (28.550912 % of the total curie load).
The ratio for CH-TRU of total curie load to gamma curie load is 3.61/1.031 = 3.50.
The majority of the cure 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 (Ci/cu. ft.) = 6.113 (Cifen. m.).
[See discussion note on Ref, LWA-1 for volumes — CH-+5.95E+06 cu. ft.]
The average CH-TRU drum gamma curie load is 6.113 {Ci/cu. m.}x .2082 (cu. m.) = 1.273 Ci.
[The volume of a CH-TRU drum was set equai to the nominal volume of a 55-gal drum.}

(1) 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 10 gamma curie load is 2.11/2.088 = 1.01.
The vast majority of the curie load of the RH-TRU is due to gamma emitters.
Since gamma emitters tend to be short lived this means that the RH-TRU waste curie load
should rapidly {within several hundred years) decay to low levels.
The average RH-TRU volumetric gamma curie load is 2Z.09E+06/0.25E+06 = 8.360 (Ci/cu. fr) = 295.2 (Cifcu. m.).
The average RH-TRU drum canister curie load is 295.2 (Cifcu. m.)x 0.6245 (cu. m.) = 184.4 Ci.
[The volume of a RH-TRU canister was set 2qual 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-1{], these canisters are loaded with three 55-gal drums internaily. Ref. Lo-1.]

{m) Percent of total CH-TRU waste curie load due to gammas.

(n) Percent of total RH-TRU waste curie load due to gammias.
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Table 11. Results of Shielding Calculations
(RH-TRU Waste Matrix Only)
Case (a) Total (b) S,.(¥ (c) Sy (toral) (d)
Study Density
[kg/m3] [Ci(yYem?] [Ci(total)/cm?]
Option A Option B Option A Option B

1} Maximum Ave (g) 7933 2.463E-03 2.851E-03 2.489E-03 2.881E-03

2) F(68.26%) (e) 2,238.3 6.773E-03 7.773E-03 6.8344E-03 7.855E-03

3) F{95.44%) (e) 2,636.0 7.977E-03 9.154E-03 8.061E-03 9.250E-03

4} F(99.74%) (e) 32231 9.783E-03 1.123E-02 9.386E-03 1.135E-02

5) Worst Case (&) 6,365.4 1.926E-02 2.211E-02 1.946E-02 2.234E-02

6) 300 Watt Limit (f} - - - - -

7) WIPP Ave - - - 2.981E-04(g) 2.981E-04(g)
7b} WIPP Ave +/- 10% - - - 3.279E-04(g) 3.279E-04(g)
7c) WIPP Ave +- 100% - - - 5.962E-04(g) 5.962E-04(¢)
7d) WIPP Ave +/- 200% -- - - 8.943E-04(g) 8.943E-04(g)

{a) Results in this table correspond to steps 1 — 5 of Table 1.

(b) Values obtained from Table 7.
{c¢) Calculated using Equation 22c.
(dy S.(toral) =1.01 S,(y)

The total curie-to-total gamma curies ratio of 1.01 was calculated in

footnote 1 of Table 0.
(e) See Table 7.
() 300 Watt limit from Ref. LWA-1.
(g) Calculated using footnote j in Table 10.
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{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 magnitude for each ten degree increase in temnperature). 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 resuits.
Since the volumetric heat loads identified in Table 11 were very low, using very
conservative steady-state heat trapsfer calculations will still show low
(insignificant) thermal results. The problem was solved for a two region geometry
(see Figure 9).

f,/'_zu:/or/ ﬂ
Ve TEr o
IS
Az
~~
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 terrn. In both regions, the thermal conductivity is assumed to be a
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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.

pcpgg:v-[k vr] " [31]
where
u" = heat source load [W/m*]
k = thermal conducrivity [W/m—K]
p = material density [kg/m>]
¢, = marerial specific hear [JAg—K]
T = temperature [K]
T=1iime [sec]
% {r %— +r l;—j =0 [for Region I, steady—siate] [32)
d | dar” . -
- [r | T 0 [for Region II, sieady-—siate}] [33]

Performing a change of variable, changing to a AT via Equation 34, yields Equations 35
and 36.

Q@=AT =T -T. (dO© =dT) [34]
d | d¢f u .
e Ll s 0= 0 {for Region I} (35]
i
4 r 4@ | 0 [for Region II] [36]
dr dr p
The general solutions to these equations are given by Equations 37 and 38.
y
& =2 1 Cyin(r) + Cy [37]
4 K
" =Ciln(r)+ C, [38]

The necessary boundary conditions are given by Equations 39 — 42 (note, boundary con-
dition # 4 corresponds to the sphere of influence for this boundary value problem).

B.C#1 — |, =0 [39]
dr
a0 ey
BCH2 ko | r=r, = kp——| =& (403
r 1 dr !
B.C#3 | ,p, =0 |, [41]
BC#4 @[, =0 (42]

Applying boundary conditions is shown in Equations 43 — 46 which yield the particular
solutions shown in Equations 47 and 48.
de C

Applving B.C. #1 =—- =0=—— =
pplying 4, | r=0 P Cy=0 [43]
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Applying B.C. #4 O, =0=C3in(R)+Cy & Cy=—-Csln(Ry) [44]
. 4o 4o Ry
Appl)mg B.C. #2 k;‘—'— r=R —_-k”""—“‘" I r=R. = . [45}
r 1 d 1 2
C3k” R]zﬂ
= —— Foad 3= —
R] 2-[(”
. " / i Riu” R
Applying B.C. #3 O |, =0"|,p = Cy— % =Gyl A (46]
R]zu "1 {Rl
= — ni—
2ky 2
S SN O S 1
2 4 |k kg 1R;
RE" | 2 R, 2’
o = RN RALN ) 47
4 ky  ky R4 4 K (471
Riu" Ra
. =2 4
e 2Ky In[ r ] sl

Since the A temperature of interest is that which occurs at r =R, evaluating either Equa-
tion 47 or 48 will yield the desired result (given by Equation 49).

Riu" |R
OR) = (R = O (R)) = 211:, In [;f—] 49

Using the assumptions in Equation 50 yields the final result shown in Equation 51.
assume R,=100R, [50]

k= keqr = ksanr @ 3001
=Awo (1992 WIPP PA Vol 3, pg. A=117 [Ref. WPA—1]

W
=540 —
mK

0.32385m. Oprion A
R1=1028520m Option B

(R,) [K(="C)] = AT (due to max RH-TRU canister) 511

{0.044720817 xu  Option A
~ 10.034829431 x u” Option B

where
" is in units of [W/m?)

Computational results using Equation 51 are shown in Table 12,
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Table 12. Resnlts of Heat Transfer Calculations

Case (a) u (b) AT (¢)
Study [Wazt/m?) K]

Option A Option B Option A Option B
1) Maximum Ave (d) 9.121E+00 1.05S6E+01 4.079E-01 3.678E-01 |
2) F(68.26%) (d) 2.508E+01 2.879E+01 1.122E+00 1.003E+00 !
3) F(95.44%) (d) 2.954E+01 3.390E+01 1.321E+00 1.181E+00 |
4) F(99.74%) (d) 3.623E+01 4.158E+01 1.620E+00 1.448E+00
5) Worst Case (d) 7.133E+01 8.186E+01 3.190E+00 2.851E+00
6) 300 Watt limit (e) 3.371E+02 4 800E+02 1.507E+01 1.672E+01
7) WIPP Ave 1.093E+00 1.093E+00 4.885E-02 3.805E-02
7b) WIPP Ave +/- 10% 1.202E+00 1.202E+00 5.374E-02 4.185E-02
7c) WIPP Ave +/- 100% 2.185E+00 2.185E+00 9.771E-02 7.610E-02
7d) WIPP Ave +/- 200% 3.277E+00 3.277E+00 1.466E-01 1.142E-01

(a) Results in this table correspond to step 6 of Table 1.
(b) Values calculated from values in Table 11, using footnote 1 of Table 9.
(@) u =0.003668E+06 S, (total)

(c) Calculated using Equation 51.
(d) See Table 7.
(e) 300 Wart limit from Ref. LWA-1.

The total heat load-to-total cures ratio of 0.003668E+06 was calculated in
footnote 1 of Table 10.
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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.l 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.l of the WIWBIR 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. cu.m.) 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). R
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WPD 31943

Sandia National Laboratories

Albuguerque, New Mexico 87185

date: January 26, 1996
to: Martin S. Tiemney (6741)

from: ifeng Wang & Larry Brush (Org. 6748)

subject: Estimates of Gas-Generation Parameters for The Long-Term WIPP Performance
Assessment

- : Introduction

Steel corrosion and organic-material biodegradation have been identified as major gas-
generation processes in the WIPP repository (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 II.

Biodegradation of Organic Materials

Cellulosics, plastics, and rubbers have been identified as the major organic materials to be
emplaced in the WIPP repository (DOE/CAO, 1996) and could be degraded by microbes in
10,000 years. Cellulosics has been demonstrated experimentally to be the most
biodegradable among these materials (Francis 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 sufficient
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.

e Microbial Reactions

Microorganism will consume cellulosics mainly via the following reaction pathways in
the repository (Brush, 1995):

CeH1gOs + 4.8 H  + 48 NO5; - 74 H,0+6CO, +24 N, (1)
CgH 005 + 6 H + 3 SO — 5 H,0 + 6 CO, + 3 HoS (2)

Exceptional Service in the National Interest
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CsHigOs — 3 CH, +73 COa. 3)

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(IV) and
Fe(IIl) dissimilatory reduction, since the quantities of O,, Mn(IV)} and Fe(lID) initially
present in the repository will be negligible relative to the other electron acceptors. In
Reactions I 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 celiulosics
is consumed.

In addition to Reaction (3), methanogenesis may proceed via:
4 H,; + CO; — CHy + 2 H:0. (4)

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 CO; in the repository and, therefore, it is
conservative to ignore this reaction in respect of repository pressurization and actinide
solubility.

e 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 backfill according to the current waste
emplacement plan, we think that the experimental data from anaerobic incubation without
bentonite present are most relevant to expected WIPP conditions. Considering that the
current experimental data are mostly for denitrification (Reaction 1), 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 CO; production data to estimate the rates of cellulosics biodegradation. There are
two advantages of using CO, production data: (1) there are experimental data available on
the CO; dissolution in WIPP brine (Telander & Westerman, 1995) and, therefore, it is easy
to correct the CO; production data for gas dissolution (Appendix I); (2) since cellulosics
biodegradation did not reach the stage of methanogenesis in the experiments, according to
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Reactions 1 and 2 the consumption of one mole carbon of cejﬁfgsics will produce one mole
of CO,. This 1:1 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 CO; produced.

Experimental data show a strong dependence of CO; generation on the concentrations of
nutrients and nitrate (Francis & Gillow, 1994; Francis et al., 1995). The maximum CO,
generation was observed in nitrate-and-nutrient-amended samples. In those experiments,
after a short lag phase, CO; first 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:

_ V.S
K +S

vV

(3)

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 CO; vs. time curve will give the estimate of the maximum rate
of cellulosics biodegradation.

From the experimental data of Francis & Gillow (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 C/kg/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 CO; 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.

e Biodegradarion 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 celiulosics (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 (DOE/CAO, 1996). Those steels will be capable of reacting with the
repository brine to form H> gas. Both thermodynamic calculations and experimental
observations indicate that the H; gas can be generated to pressures exceeding the lithostatic
pressure at the WIPP horizon, if enough brine enters the repository (Brush, 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.

o Steel Corrosion in the Absence of CO2and H;S
In this case, steel corrosion will follow the reaction (Telander & Westerman, 1993, 1995):
Fe + 2 H,0 — Fe(OH), + Ha. ' (7

In the Mg-rich WIPP brines (exemplified 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 H, 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-terrn data available in a WIPP-relevant Brine A
environment. The estimated inundated rate is 0.5 pmfyear or 0.07 mole Fe /m’/year
(Appendix II). In addition, the corrosion rate is also found to increase with decreasing brine
pH (Telander & Westerman, 1993, 1995). Without addition of CO, 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
ym/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); 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 pm/year. In addition, the expenimental work
for Source Term Test Program (STTP) at Los Alamose National Laboratory 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 Hs
generation (Telander & Westerman, 1995). Therefore, we set the humid steel corrosion rate
to 0.

o Steel Corrosion in the Presence of CO, and H,S

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 + CO, + H;O —> FeCO; + H, | )
Fe + H;S — FeS + H,. (9)

One possible effect of CO, and HS on steel corrosion is that they may cause passivation of
the steel. Steel passivation was observed in the experiments in which large quantities of
CO; and H,S 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 FeCO; or FeS on steel surfaces
(Telander & Westerrnan, 1995). However, we think that this passivation is unlikely to occur
under the repository conditions. This is because the microbial production rate of CO, and
H,S 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 CO; and H;S 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 CO; and H,S 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
this effect into account by modifying the sampling range of steel corrosion rate. Obviously,
Reactions 8 and 9 will be limited by microbial CO, and H,S production, and therefore the
upper limit of the reaction rate can be estimated from the maximum -cellulosics
biodegradation rate, which is 0.3 mole/kg cellulosics/year, equivalent to 6 pm/year of steel
corrosion rate (Appendix IT}. Thus, in the event of significant microbial gas generation, the
upper limit of steel corrosion rate is 6.5 pm/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 CO; production, i.e. 0.0 pm/year. Under humid conditions,
experimental results show a negligible effect of CO, and H,S 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:

éC’sHmO5 + unknown — y gas + unknown (10)

and H, production due to steel corrosion is described by:

4+2x 1-x

Fe + H,0 — 4% H, + x Fe(OH), + Fe;O.. (11)

The stoichiometric factors x and y in Reaction 10 and 11 are estimated as follows.

e 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
(DOE/CAO, 1996; Drez, 1996).
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First, we estimate the maximum quantities (111 moles) of cellulosics and steels that will be
potentially consumed in 10,000 years:

6000M
M., = min {—003—“—’, lOOOORéM“,} (12)
M[ = min {%, 14IORC".A} . (13)
with
R: = max { 'm,i” m.h} ' (14)
where M, and M, are the quantities {in kg) of cellulosics and steels initially present in

the repository; R_; is the inundated steel-corrosion rate (Um/year); Rn; and Ry 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 mole/um/m’ to
convert steel-corrosion-rate unit from pm/year to molelmzlyear (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,

corrcspondmg to the maximum and minimum values of y: (1) no reaction of microbially
produced CO; and H,S with steel and steel-corrosion products; (2) complete reaction of
microbially produced CO; and H,S with steel and steel-corrosion products.

If no CO, or H;S 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:

8.4Myos 4
4.8 3

9MSO4 (MI 6MN03 - 6MSO4]
cel
4.8 3

(15)

ymax— Mf

cel

N

where M,,, and M,,,are the quantities of NO3 and SO, (in moles) initially present in the
repository.
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If CO; or H»S 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 FeCO; and FeS. This would result in the minimum value of y. The total gas
consumed by those reactions (G) 1s:

G = min M yos + M, +§(M" Mo 6M504J M (16)
4'8 3 6 cel 4_8 3 » Fe

The minimum value of y can then be estimated by:

8-4M~03 + 9Mso4 + [M;l _ 6M~03 _ 6Mso4)_ G
oo = 4.8 3 4.8 3 =y — G a7
e M::i i M;e!
For each BRAGFLO simulation, y wili be uniforinly sampled over [Ymin, Ymax):
Y= Ymia T Pmax = Yua) (18)

with 0 £ § £ 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 SO4% 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 2.2x10’ 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 0.4x10” moles. This amount of SO4™ 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.

e Average-Stoichiometric FactorX in Steel Corrosion Reaction

While magnetite (Fe3sO4) 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 FesO4 were to form, it would be expected that H; would be
produced (on a molar basis) in excess of Fe consumed. But, the anoxic corrosion
experiments did not show the production of H; in excess of Fe reacted. Therefore, we set
the stoichtometric factor x to 1.0 in Reaction 11.
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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 generation

Rate of inundated cellulosics
biodegradation

Rate of humid cellulosics
biodegradation

Rate of inundated steel corrosion for the
cases without microbial gas generation

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 11
Stoichiometric factor y in Reaction 10
Factor §§ in Equation 18

NOj’ initially present in the waste’

S04 initial present in the waste’

50%

50%

0.01 - 0.3 mole C/kgfyear

0.0 - 0.04 mole C/kg/year

0.0 - 0.5 um/year!

0.0 pm/year wa a7

0.0 - 6.5 pm/year
0.0 pm/year
1.0

calculated from Eqn. (18)
0-10
2.6x107 moles

6.6x10° moles

1. Multiplying 0.141 mole/pum/m?* will convert the unit of steel corrosion rate from um/year

to mole/m%year (Telander & Westerman,

1993). 2. See Appendix L6.



Martin S. Tiemey (6741) - 10- T January 26, 1996

References

Alexander M. (1994) Biodegradation and Bioremediation. Academic Press, NY.

Brush L. H. (1990) Test Plan for Laboratory and Modeling Studies of Repository and
Radionuclide Chemistry for the Waste Isolation Pilot Plant. SAND90-0266, Sandia
national Laboratories, Albuquerque, NM.

Brush L. H. (1995) Systemns Priority Method - Iteration 2 Baseline Position Paper: Gas
Generation . in the Waste Isolation Pilot Plant. Sandia National Laboratories,
Albuquerque, NM. '

Butcher B. M. (1990) Preliminary Evaluation of Potential Engineered Modifications for the
Waste Isolation Pilot Plant (WIPP). SAND89-3095, Sandia National Laboratories,
Albuquerque, NM.

Chapelle F. H. (1993) Ground-Water Microbiology and Geochemistry. John Wiley & Sons,
NY.

DOE/CAOQO (1996) Transuranic Waste Baseline Inventory Report. (Rev. 2)

Drez P. (1996) Preliminary estimate for SNL/NM performance assessment calculations of
nitrate, sulfate, and phosphate content in transuranic solidified wastes destine for
disposal in WIPP. CTAC. (memo, 1/26/1996)

Francis A. J & Gillow I. B. (1994) Effects of Microbial Processes on Gas Generation under
Expected WIPP Repository Conditions: Progress Report through 1992. SANDS3-
7036, Sandia National Laboratories, Albuquerque, NM.

Francis A. I, Gillow J. B. & Giles M. R. (1995) Effects of Microbial Processes on Gas
Generation under Expected WIPP Repository Conditions: Data Report for the Period
1993 - 1995. (draft)

Haberman J. H. & Frydrych D. J. (1988) Corrosion studies of A216 Grade WCA steel in
hydrothermal magnesium-containing brines.  Scientific Basis for Nuclear Waste
Management XI, Materials Research Society Symposium Proceedings, Boston, MA,
November 30 - December 3, 1987. Eds. M. ]. Apted and R. E. Westerman. Materials
Research Society, Pittsburgh, PA. 112, 761-772.

Ikeda A., Ueda M. & Mukai S. (1983) CO; corrosion behavior and mechanism of carbon
steel and alloy steel. Corrosion ‘83, Anaheim, CA, April 18 - 22, 1983. Paper no. 45.
National Association of Corrosion Engineers, Huston, TX.

Molecke M. A. (1979) Gas Generation from Transuranic Waste Degradation: Data
Summary and Interpretation. SAND79-1245, Sandia National Laboratories,
Albuquerque, NM.

Schmitt G. (1983) CO; corrosion of steels - An attempt to range parameters and their
effects. Advances in CO; Corrosion in the Qil and Gas Industry, Proceedings of the



Martin S. Tierney (6741) -11- January 26, 1996

Corrosion/83 Symposium, Anaheim, CA, April 18 - 19. Ed. R. H. Hausler. National
Association of Corrosion Engineers, Huston, TX. 1, 1-2.

Telander M. R. & Westerman (1993) Hydrogen Generation by Metal Corrosion in
Simulated Waste Isolation Pilot Plant Environments: Progress Report for the Period
November 1989 through December 1992. SAND92-7347, Sandia National
Laboratories, Albuquerque, NM.

Telander M. R. & Westerman (1995) Hydrogen Generation by Metal Corrosion in
Simulated Waste Isolation Pilot Plant Environments: Final Report. (draft)



Martin S. Tierney {(6741) -12- January 26, 1996

Appendix I. Hand Calculations for Estimating Microbial Gas generation Parameters

Name of person performing the calculations: Yifeng Wang, Jan. 26, 1996 ‘ (f
Name of person reviewing the calculations: Larry Brush, Jan. 26, 1996 U OJU‘LAQ

1.1 Correction for CO; Dissolution in the Brine

Data and definition of variables:
TCO,: Total CO; produced in an incubating experiment (moles)
n: Measured CO, in headspace (moles)
Cp: Dissolved CO; (moles/1)
Vy: Brine volume = 0.104 (1) (Gillow, per. comm.)
V. Headspace volume 0.046 (1) (Francis & Gillow, 1994)
P: Partial pressure of CO; (atm)
K: Partition coefficient of CO, between brine and gas phase = 0.01 (mole/I/atm)
(Telander & Westerman, 1995)
R: Gas constant = 0.082 (leatm/mole/K)
T: Temperature = 303.15 (K) —

Assumpuon: Gaseous CO, approximately follows the idea gas Jaw during these
experiments.

Calculations:
TCO; = Vi*C + n = K*P*V| + n = K*V*n*R*T/V, + n = (K¥*V*R¥T/V, + [)*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 CO; vs. time curve:

time CO,
69 days 6.1 nmol/g of cel.
411 days 163 pmol/g of cel.
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Calculations:

(1) Rate = (163 - 6.1)/(411 - 69) = 0.459 micro-moles/g/day = 0.168 mole/kg/year.
(2) Correcting it for dissolved CO; (see I.1), we finally have:
maximum rate = 0.168*1.56 = 0.3 mole/kg/year.

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 CO,

0 days 2.1 umol/g of cel.

1034 days 14.0 pmol/g of cel.
Calculations:

(1) Rate = (14.0 - 2.1)/(1034 - 0) = 0.0115 umol/g/day = 0.004 mole/kg/year.
(2) Correcting it for dissolved CO, (Appendix I.1), we finally have:
minimum rate = 0.004*1.56 = 0.01 mole/kg/year.

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 CO,

6 days (7.7 + 13.3)/2 = 10.5 pmol/g of cel.

415 days (83.1 + 28.8)/2 = 56 umol/g of cel.
Calculations:

Maximum rate = (56 - 10.5)/(415-6) = 0.111.1ni01/g/day = (.04 mole/kg/year.
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L5 Convert Plastics and Rubbers to the Equivalent Quantity of Cellulosics

Data:
Source: Molecke (1979)
Celllulosics: CgH gOs M. W. =162 g/mole
Polyethylene: (-C;H4-)n M. W.=28 g/mole
Polyvinychloride: (-C,H3;Cl-)n M. W. =62 g/mole
Neoprene: (-C4HsCl-)n M. W. =88 g/mole
Hypalon: . (—(C7H13CI)12-(CH802C1)17-—]1’1 M. W.=3488 g/mole
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*101*162/3488/6)*R = 1.7 P + R (kilograms)}

L6 Moles of NOs™ and SO Initially Present in the Waste

NO5 1.62x10° kg (Drez, 1996) = 1000/62*1.62x10° = 2.6x107 moles
SO4% 1 6.33x10° kg (Drez, 1996) = 1000/96*6.33x10° = 6.6x10° moles
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Appendix II. Hand Calculations for Estimating Steel Corrosion Parameters

Name of person performing the calculations: Yi feng Wang, Jan. 26, 1996 /% {_5’ bhk_é/

Name of person reviewing the calculations: Larry Brush, Jan. 26, 1996 Q.hj‘u\g

II.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 um/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 wm/year.

I1.2 Estimate the Maximum Inundated Steel Corrosion Rate for the Cases with Microbial
Gas Generation

Data:
Total transuranic waste volume: 1.5x10° m’ (DOE/CAO, 1996)
Drum volume: 0.208 m* (DOE/CAO, 1996)
Surface area of steel: 6 m*drum (Brush, 1995)
Maximum cellulosics biodegradation rate: 0.3 mole/kg/year (Appendix 1.2)
Maximum inundated steel corrosion rate for the cases without microbial gas
generation: 0.5 pm/year.

Total cellulosics (including plastics and rubbers): 2.1x107 kg (DOE/CAO, 1996 .3
Appendix L.5) % N _ j
NOjy’ initially present in the waste: 2.6x10’ moles (Appendix L6) \M/

SO, initial present in the waste: 6.6x10° moles (Appendix 1.6)

Assumption:
Reactions 8 and 9 will be limited by microbial CO, and H,S production rate.

Calculations:
(1) Number of drums = 1.5x10°/0.208 = 7.2x10° drums.
(2) Total moles of C in cellulosics = 6%2.1x10"*1000/162 = 7.74x10° moles of C.
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Molar fraction of cellulosics biodegraded via denitrification =
2.6x107/7.74x10° = 3%.
Molar fraction of cellulosics biodegraded via sulfate reduction =
6.6x10%7.74x10% = 1%.
(3) Maximum CO; and HaS production rate for the whole repository = (0.03 +
1.5%0.01 + 0.5%0.96)*0.3*2. 1x10’ = 3.3x10° moles CO2/year.
(4) Total steel surface area = 6*7.2x10° = 4.32x10° m?*,
(5) The maximurm rate of steel corrosion via Reactions 8 and 9 = 3.3x10%4.32x10% =
0.8 mole Fe/m*/year = 6 pm/year.
(6) The upper limit of inundated steel corrosion rate for the cases with microbial gas
generation = 0.5 + 6 = 6.5 pm/year.
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date: March 13, 1929

6831 MS 1395

to: R, Vann Bynum
from:%arson 6751 MS 1341

subject: Brine-Waste contact volumes for scoping analy
concentration

g@oi@é’nic ligand

e ol

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.

| 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 voiume of
waste prior to releases being possible up an intrusion borehole. [t 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 borehoie,
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 boreholes could allow saturation with
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, | cannot
speculate further.

In the following table, | present excavation volumes, and consolidated void
volumes for several divisions of the repository. These volumes are taken from or
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Sandia National Laboratories .
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calculated based on [1] Sandia WIPP Project, {1992, V. 3, 3-4} and [2] Freeze et
al., {1885k, 2-7 to 2-8).

Scale Excavated Room Consolidated | Consclidated Brine Volume

Volume m® | Equivaients | Porosity' Void Volume | (saturation} m?
m3

room 3644. [1] 1 0.22 (2] 343. [2] 257.{75%)

exterior 46100. 1} 12.65 0.22 12] 4339, 3254, (75%)

panel

waste 4720881.2 116 0.22 (2} 39788. 29841. {75%!)

region [11

T assumes no gas generation, a bounding case
2 excluding panel closure volume
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