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Analysis to Estimate the Uncertainty for Predicted Actinide Solubilities

Scope of the Analysis:

Objective

The objective of this work is to estimate the reasonable range and distribution of the
uncertainty contained within the predictions of actinide solubility in model WIPP
repository brines as required for WIPP Performance Assessment calculations. The
predictions of actinide solubility were made via two routes. The justification for and the
experiments planned to produce the chemical data required as input to the predictions are
described in SAND95-1895, The Waste Isolation Pilot Plant (WIPP) Actinide Source
Term: Test Plan for the Conceptual Model and the Dissolved Concentration Submodel
(Novak, 1995). The actual predictions of dissolved concentrations are contained in
WPO#35835 Documentation Package for Solubility Parameters for Actinide Source
Term Look-Up Tables (Siegel, 1996).

Assumptions

This analysis will be performed using manual estimation of the difference between a model
predicted curve and direct experimental observation (difference). These difference values
will then be used to generate a histogram depicting the frequency of occurrence of a
specific difference value and the range of difference values encountered. It is assumed that
this method will give a reasonable representation of the model uncertainty within the range
of conditions predicted for the repository. This analysis will not address the uncertainty in
the repository conditions being modeled.

For the +3, +4, and +5 oxidation states, the Dissolved Concentration Submodel (DCS)
was utilized to make the predictions. For the +6 oxidation state, sufficient Pitzer
parameters were not available to allow for a reasonable prediction to be made via the
DCS. Thus for the +6 oxidation state a combination of literature and direct empirical
measurements were utilized to generate the solubility predictions.

Although the solubility predictions for the +6 oxidation state were made via a different
method as described above, it was assumed that the error range which is determined for
the other oxidation states will be applicable to the +6 oxidation state, and the distribution
will be loguniform. During the performance of this analysis, the assumption of the
distribution of the +6 oxidation state being log uniform was revised. Based on discussions
with Martin Tierney and Mary-Alena Martell, it was determined that there was no
justification for utilizing a different distribution for the +6 oxidation state. Therefore, the
same uncertainty estimation and distribution was utilized for the +6 oxidation state.
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Primary Task to Perform the Analysis

Step 1 Gather Data

To perform the analysis, suitable data must be identified. For the purposes of this
uncertainty estimation, any data which includes a model prediction by FMT or a fitting of
a curve utilizing NONLIN and the corresponding experimentally determined data points
are suitable. The sources of these data are Pacific Northwest Nationa!l Laboratory (under
contract AF-3339 and “PNL-MA-70 Quality Assurance Plan No. EES-107, Revision O”
dated 30 December 1993, approved on 11/29/93), Sandia National Laboratories {utilizing
raw data from Lawrence Berkley Laboratory obtained under contract AH-5592 and “QA
Program for WIPP Actinide Source Term Program (ASTP) R3”, effective date March 28,
approved 7/18/95, and the literature. The data sets gathered are included as Attachment
Al

Step 2 Determine Applicability of Data

The oxidation state solubility models are in various degrees of completeness. Although
the +3, +4, and +5 models are adequately complete in the chemical region of interest
relevant to the repository, there are known problems in regions where extrapolation far
beyond the conditions under which the model was parameterized. Including any data in
these regions where there are known parameterization problems would lead to
overestimation of the error. The data available for the +3 and +5 models were determined
to be adequate for this analysis in all regions and were thus utilized in their entirety. The
data available for the +4 model were found to have significant problems in the
extrapolated regions and were thus determined to be inadequate for use in this analysis.
To utilize any of the data for the +4 model in this analysis, a subjective judgment would
have to be made as to which values to include and which to exclude. In order to avoid
any bias in this selection, the entire data set was not utilized.

Step 3 _Assess Difference Of Predicted Values Versus Observed Values

The difference is defined as the difference between an experimentally measured point and
the model prediction or fitted curve at the conditions as close as possible to the conditions
under which the experimental data were collected. The difference values were determined
by direct measurement utilizing a ruler from the graphs provided by the researchers.
These values are included as Attachment B.

Step 4 Develop Error Range and Distribution

Each of the difference values were entered into Microsoft Excel 5.0c utilizing a Microsoft
DOS platform run on a Gateway 2000 486/33 computer. The built in Histogram function
was then utilized to generate a frequency distribution and to sort the data into ranges. The
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histogram is presented as attachment C, The frequency associated with each bin in the
histogram reflects the number of occurrences of values between the previous bin number
and the subject bin number. For example, the bin labeled ‘-1.95” contains all of the values
between -1.95 and the previous value of -2.1. Investigator judgment with assistance from
a PA staff member was used to determine the data bins appropriate for use by the
Performance Assessment. Once these bins were determined, the histogram function was
again run to generate the cumulative distribution function (CDF) which was transmitted to
Performance Assessment as shown in Attachment D.

Step 5 Transmittal of Results to PA and SNL WIPP Central Files (SWCF)

Results of the analysis were documented in a series of memoranda to the Performance
Assessment Department, Attachment D. The memoranda were prepared and reviewed
according to applicable requirements of QAP 6-3 for Conducting and Documenting
Reviews of Documents. This analysis documentation was prepared according to the
requirements of QAP 9-1 and is being submitted to the SWCF.

Individuals Who Performed the Analysis

The primary individual who performed the analysis was Vann Bynum, an SAIC contractor
to Sandia National Laboratories (SNL) Department 6831. Assistance was obtained from
Christine Stockman, SNL Department 6849 with respect to determining the data bins
appropriate for use by the Performance Assessment.

Deliverables

The specified deliverable, the memoranda presented in Appendix D, satisfied the
deliverable requirements specified in AP-024.

Controlling Documents
The controlling documents for this analysis are:

AP-024 Estimation of Uncertainty for Predicted Actinide Solubilities
QAP6-3 Conducting and Documenting Reviews of Documents
QAP9-1 Quality Assurance Requirements for Conducting Analyses
QAP17-1 Quality Assurance Records Source Requirements
QAP19-1 Rev 2 WIPP Computer Software Requirements
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Attachment A2

Solubility of NaNd(CO3)2.6H20
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Attachment B2
+3-Rai
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The data for the +4 model were excluded from the analysis as described in
Step 2 of this document.
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Date: May 22, 1996

‘To: Martin S. Tierney, (Dept. 6741), MS-1328

Christine Stockman, (Dept. 6749), MS-1328
From R V.Bymm %ﬂ ﬁg”“"

Used in CCA Nuxts Calenlations

- A pre detailed anafysis of the expacted lncertamty rangs and distribution for the actinide

solubilihes Tesulting from the FAMT modelng simulations has besq Performed. This
2nalysis was performed 2s described in the Analysis Plan 4P_024, Estimerion of
Uncertainty for Predicted Actinige Solubilities, Rev. 0.

Ihe log values reported should be added 1o the Iog value of the 2ctinide conzentrations,

D Jog value
0 -2
£=-2 -1
Q.13 -D.5
0z7 -0.25
G.e3 0
0.84 0.23
0.B9 0.3
052 1
7 3

The mezn vaiue is 0,74 zng the medizn vaine is -0.02,

Lt
e,

SWCF—A:WBSI.I_10.1.1:.‘1‘3'1';'\7\’331,2.07.1:PDD:QA?GENER_A.I_:\VPO# 835

L)

[YH)
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Attachment D2
Date: Mzey 23, 1996

To: Martin 8. Tiemey, (Dept. 6741), MS-1328
Christine Stockman, (Dept. 5749)’. MS-1328

From: - RV Bymm’;’\‘i)’ﬂr'

Subject:  Revised DUpdate of Uncertainty Range and Distribution for Actinige Solubility
10 be Used in CCA Nuts Calculefions

2cimide solubilities Tesulting from the FMT modsiing simulations has raised questipns
Concerning the foreed Symmetry of the uncertzinty range Previously transmites, The
T2nge of achual values is from -2 10 +1.4, burt the distribution was nade symmerrice)
TesUlting in 2 range 0f-2 tp 42, This symmergical TanEE C2OND! b2 supported Dy tha
=xsing data Therefore, this Tange Is being revised 10 refiect 1he actual Tange of the garz.
THs an2lysis wes parformed 25 described in the Apalysis Plan AP-024, Txtimation of

Unceriginry jor Predieted Actinide Solubilities, Rev, 0

sy

102 revised jog values Teponied below shouid be zdd=d 10 1he Jog vaive pfihe atunides
SonCenations,

ChF log vahie _
D .2
ie-2 -1
013 -0.3
D27 -0.2%8
065 0]
) ¥4 0.23
0.2 0.5
0.22 B!
] -14
1. T. Solmes
M. D. Siegs]
=. 1. Nowzk
C. C. Cr=5is
2_F. Weiner
C. F ¥Novek
R Mopore
M Chu ‘
SWCF-A'WBS1.1.301 JASTWBS12.071 FDD:QA: GEI\TERQL:'\T\’POT—%‘ES B33
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Attachment D3
Date: June 20, 1986

To: Marmin 5, Tizmey, D=pr. 6741), MS5-1328
Chnsm) Stockoman, (Dept 6749), MS-1323

RVB}E@%@W -

From:

mm..sug,ctm:mo Imﬁ-ajvmmnmzalmr' tha M The a3
a1y shonld read == W22 Iost o0y in the mpge The Iag;

OVD3; . 1og valpe
] 1.4
2322 log vaipe naab..,\‘.lDLSJT.T“DD"""a; Lan e~pr T..gw Evizwessd oh -
- e s ) '.JD.\J =hie

AL A
U5 I0TRS 205 the vaipe ¢ Corr=ziiv .H‘J‘*s_m:n zpshop Dpsin ng That 7
-:t_"': -"T e - - 7 u-‘.l“-.
WEVED I nonced thar e Deadines op tha 2Tacher &ﬂﬁﬂaﬁm Shear Indirates mat the
N - . pemry - -"‘.:. T e
Tanee wes-2 1 +2insread of 2i+lL My reviaw OF the “E‘J"H.La:ons In8icate thas =
¥ prriovmad wery M2 SOITES Tames of 214 S e ==

|3

i1



