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1.0 DEFINITION OF ABBREVIATIONS AND ACRONYMS 
 

ASTM American Society for Testing and Materials 

CBFO US DOE Carlsbad Field Office 

CO2 Carbon dioxide 

CRA Compliance Re-Certification Application 

DAS Data acquisition system 

DOE Department of Energy 

EBSD Electron backscatter diffraction 

EDS Energy dispersive system 

ERDA-6 Energy Research and Development Administration well 6 

GC-MS Gas chromatography mass spectrometer 

GWB Generic Weep Brine (synthetic Salado Formation brine) 

IC  Ion chromatograph 

ICP-AES Inductively-coupled plasma atomic emission spectrometer 

ICP-MS Inductively-coupled plasma mass spectrometer 

LANL Los Alamos National Laboratory 

M&TE Measuring and test equipment  

NIST National Institute of Standards and Technology  

NBS National Bureau of Standards 

NP Nuclear Waste Management Procedure 

PA Performance Assessment 

SEM Scanning electron microscope 

SNL Sandia National Laboratories 

SP Activity/Project Specific Procedure 

TP Test Plan 

TRU Transuranic 

WIPP  Waste Isolation Pilot Plant 

XRD X-ray diffraction  
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2.0 REVISION HISTORY 
 
This is the first version of this Test Plan (TP). 
 
3.0 PURPOSE AND SCOPE 
 
The trivalent neodymium [Nd(III)] is an analog of Pu(III) and Am(III) due to similarities in ionic 
radii. The magnitude of electrostatic attraction between metal ions and corresponding ligands is 
similar, yielding comparable thermodynamic stabilities. Pu(III) and Am(III) are the principal 
environmental drivers for the Waste Isolation Pilot Plant (WIPP), and the mobility of these of two 
transuranics is limited by their respective solubilities. Past publications (Choppin et al 2001; 
Giambalvo 2003) have demonstrated that the solubility of Nd(OH)3 is like that of both Pu(OH)3 

and Am(OH)3, but many of these investigations have focused on crystalline materials.  
 
More recent work (Fanghänel et al., 2002) has questioned whether crystalline materials will be the 
likely manifestation of low solubility compounds in nature. Investigators have stressed that low 
solubility compounds, like the hydroxides of rare earth elements and transuranics, initially 
precipitate from solution in amorphous or poorly crystalline forms. Even precipitation of new 
material through homogeneous nucleation on pre-existing surfaces is thought to initially involve 
formation of hydrous, amorphous material (Opel et al, 2007). Through repeated cycles of partial 
re-dissolution and re-forming of bonds, amorphous compounds eventually become crystalline, 
following Ostwald’s Step rules. Opposing this tendency to crystallinity is the breaking of bonds 
through self-inflicted radiation damage in solids like Pu(OH)3 (Rai and Ryan, 1982, 1983). The 
dominant form of radioactivity for 239Pu is alpha radiation, in which a helium atom is ejected and 
the nucleus undergoes recoil. The damage imparted to a crystalline lattice by alpha particles is 
either dominantly ionizing (alpha particles) or ballistic (alpha and alpha recoil particles), 
depending on the velocity of the ions.  
 
The principal source of defects and atomic rearrangement of bonds and mineral structure is through 
ballistic processes. At its extreme, radiation damage in a mineral will result in the solid becoming 
amorphous (metamict state). The extent to which the tendency toward crystallinity is resisted 
depends on the isotope. Thus, it is possible that a 238,239Pu-bearing solid will never achieve a 
crystalline state over the period of Regulatory Concern (10,000 years, in this case). Indeed, Rai 
and Ryan (1982) found that 238PuO2 became amorphous and even 239PuO2 never achieved full 
crystallinity after 3.5 years. The degree of crystallinity of the solid impacts the mobility of the Pu-
bearing compounds by affecting the solubility; generally, amorphous compounds are a factor of 
~100x more soluble than their crystalline counterparts (cf., Rai and Ryan, 1982). 
 
Currently, there are too few data on the precipitation of Nd-, Am- or Pu-compounds to assess the 
crystallinity of the initial precipitates, the time span over which conversion to a crystalline state 
occurs, the effects of salinity and temperature, and how the onset of radiation damage to a Pu-
bearing solid forestalls crystallinity. In addition, there are little or no data pertaining to the 
solubility of amorphous neodymium hydroxide [Nd(OH)3(am)] and whether this is the likely phase 
to precipitate from high ionic strength solutions. There are some data that indicate the 
thermodynamically stable precipitate from saline solutions is NdCl(OH)2. Therefore, it is the 
intention of this Test Plan to: a) quantify the solubility of Nd(OH)3(am), and b) ascertain the 
crystallinity and chemical composition of Nd-bearing solids that precipitate from solution. The 
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data obtained from these objectives will benefit WIPP by reducing the uncertainty over the degree 
of crystallinity and, therefore, the solubility of Pu and Am in a salt repository. If these objectives 
are met and this line of inquiry appears to be fruitful, then we may consider working with other 
investigators to model the radiation damage in Pu-compounds through computational simulations. 
 
These experiments will extend and, in some ways, supersede those outlined in TP 12-02.  Because 
of the very low solubility of Nd(OH)3 in high pH solutions and the sluggish kinetics of reaction at 
low temperature, TP 12-02 was created to investigate the kinetics of producing overgrowths, the 
speciation and solubility of Nd(OH)3 in alkaline regions, and the solubility of Nd(OH)3 at elevated 
temperatures.  In the former experiments in TP 12-02, the focus was on determining the solubility 
of crystalline Nd(OH)3, which was an excellent place to start. Determining the solubility of a 
crystalline compound has the advantage that the solid can be thermodynamically characterized. In 
addition, it was important to establish that we had the equipment, know-how and wherewithal to 
successfully perform work on the Nd(III)—NaCl—H2O system. In examining the work of 
previous investigators, it became clear that quantifying the solubility of crystalline Nd(OH)3 is 
challenging and the way forward is littered with numerous pitfalls (presence of colloids, lack of 
quantifiable crystallinity methods via instrumentation, etc.). Many of these barriers to the accurate 
(and precise) quantification of Nd(OH)3 have fallen, including some that were identified in our 
own laboratory. The work that we have performed so far has established: 1) the solubility of 
crystalline Nd(OH)3 over the high pH interval (10 – 13) overlaps with values previously 
determined by other investigators (although on the high concentration end of the data distribution) 
and 2) the use of an auto-sampler on the ICP-MS, which removes background elements that may 
quench the Nd signal, has eliminated much of the sample-to-sample concentration variations.  
Accordingly, we are now primed to focus our research in new directions, in response to previous 
work and the insights provided by our work here in our laboratory. These new research objectives 
are outlined below, following a brief discussion of previous work on Pu, Am and Nd solubility. 
 
3.1 A Brief Review of Pu(III) Solubility 
 
Investigators have reported the solubility of Pu(III) compounds in solutions.  These studies indicate 
that even in the absence of a reduction catalyst, Pu(III) is the dominant oxidation state for Pu under 
reducing conditions and, as the pH increases, the tendency of Pu to be in its +3 state increases. 
Felmy et al. (1989) reported the solubility of Pu(OH)3 at room temperature, up to pH 11. Between 
pH 6.5 and 7.5, concentrations of Pu(III) in solution in equilibrium with Pu(OH)3 drop 
precipitously, and are constant at log [Pu(III)] values of -10. Other investigators have generally 
been in accord with these findings (e.g., Fujiwara et al. 2002; Rai et al., 1980; 2002; Rai and Ryan, 
1982; Kim and Kanellakopulos, 1989; Capdevila and Vitorge, 1998).  The solubility of Pu(OH)3 
does not appear to be strongly affected in brine solutions (e.g., Felmy et al., 1989; Nitsche et al., 
1994; Reed et al., 2006). Note, however, that in these experimental studies, the precipitation 
product was not well-characterized. In addition, Neck at al. (2007) cite evidence that Pu(OH)3 is 
not the stable phase, even under strongly reducing conditions. They contend that PuO2(am, hyd) 
or the amorphous, hydrous form of PuO2, is the stable phase. If this is true, then we may need to 
re-evaluate our use of Nd(OH)3 as an analog phase for Pu, but it is still valid for Am(OH)3, as 
discussed next. 
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3.2 A Brief Review of Am(OH)3 Solubility. 
 
Because Am(III) is the most stable oxidation state for americium (Hobart et al., 1982), it is 
expected to be the dominant oxidation state at WIPP. Even in the oxidizing condition, Am(V), it 
undergoes reduction in brines above pH 9 and is reduced to Am(III) by free radicals produced 
from α particles in water. (Felmy et al., 1990). Morss and Williams (1994) synthesized Am(OH)3 
and reported that it crystallized in the hexagonal crystal system, identical to that of Nd(OH)3. 
Accordingly, crystalline Nd(OH)3 is a good analog for Am(OH)3 under WIPP conditions. 
 
Several investigators have reported the solubility of Am(OH)3 in aqueous solution, including 
Stadler and Kim (1988), Vitorge (1992) and Silva (1982). Low concentrations of carbonate 
stabilize hydroxy carbonate phases, so care must be taken to remove CO2 from experiments 
(Hobart et al., 1982; Rorif et al., 2005). 
 
3.3 A Comparison of Solubility Data for Nd(OH)3, Am(OH)3 and Pu(OH)3 

 
Published solubility values for Nd(OH)3 (Rao et al., 1996; Wood et al., 2002; Neck et al., 2009; 
Herm et al., 2015) are shown on Figure 1.  Also displayed in this figure are the data obtained in 
our laboratory on duplicate sets of solubility experiments, sets 1 and 2.  
 

 
Figure  1.  Plot  of  log  Nd(III)  vs.  pH  for  solubility  experiments  with 
Nd(OH)3 at room temperature and Na <0.2 m as an analog for Pu(III) 
and  Am(III).  Also  shown  are  the  duplicate  data  obtained  in  our 
laboratory  (This  Study,  Sets  1  and  2  by  JI  were  obtained  under 
TP 12‐02). 

 
Note that all experiments were conducted at room temperature and Na concentrations were <0.2 m. 
For pH values less than 9, the data of Wood et al. (2002), Neck et al. (2009) and Herm et al. (2015) 
are all relatively consistent, with the data of Rao et al. (1996) plotting Nd(III) concentrations ~2 
orders of magnitude less than the others. At pH values above 10, our data are directly comparable 
to that of Neck et al. (2009) alone. Here, our data overlap with those reported by Neck et al. (2009), 
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but at the higher concentration end of the data distribution. Note also that even within our own 
dataset, concentrations of Nd varied by ~1 order of magnitude. 
 
The reason or reasons for the variability in the Nd concentration data may be due to any number 
of factors, including: 
 

1. Variability in Nd(OH)3 size and crystallinity. For oxide or hydroxide solids whose 
dimensions are <100 nm, the solubility rules change because the molar Gibbs energy of 
formation is governed by particle size. Because many of the previous studies did not report 
the mean size of the particles in their experiments, it is possible that major differences in 
measured solubility are simply due to size differences. A difference in solubility due to 
different degrees of crystallinity is also possible. Again, most papers do not report the 
degree of crystallinity in their starting or ending materials. 
 

2. The presence of colloids or very fine crystals. Oxides and hydroxides of higher valent 
elements (+3 and greater) tend to form colloids, chains, polymers, etc. If these objects are 
not filtered, the apparent concentration of Nd in equilibrium with Nd(OH)3 may appear to 
be higher than it is. Most investigators have shown that filtration by 0.2 μm filters are 
sufficient for removing colloids in Pu and Nd systems (e.g., Rai et al., 1980; Borkowski et 
al., 2009), but because synthesis routes and experimental setups can vary widely, it is 
prudent to test the extent to which filtration is necessary in each laboratory. 
 

3. Analytical uncertainty. In many of the previous studies, the concentration of Nd in solution 
was at or slightly above the lower limit of detection, or L.L.D. (e.g., Rao et al., 1996). In 
most publications, the authors do not rigorously discuss how the uncertainty is affected as 
the concentrations approach the L.L.D. In addition, there are few discussions of how 
background electrolytes, such as NaCl, can suppress the Nd signal. 
 

In the Am(OH)3 solubility experiments, a high degree of uncertainty is also evident in plots of Am 
concentration versus pH, as shown in Figure 2. Here, the concentration of Am in equilibrium with 
Am(OH)3 were plotted (Stadler and Kim, 1988; Silva, 1982; and Rai et al., 1983). The Am data 
are consistent over the pH of <10, but in the alkaline pH range, there is a difference of 2 orders of 
magnitude between measurements taken at the same pH, even in the same study. In addition, 
plotting the Nd data on the same plot shows that there is a ~3 orders of magnitude difference 
between the Nd and Am data for pH values above 10.  The Nd data make up the upper bound of 
this variation, so applying the results of Nd(OH)3 for Am(OH)3 would be conservative. 
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Figure 2. Plot of Nd and Am(III) concentration versus pH.  Note that 
Nd concentrations plot at higher concentrations than Am, which may 
indicate  that  Am(OH)3  is more  insoluble  than Nd(OH)3  (This  Study, 
Sets 1 and 2 by JI were obtained under TP 12‐02). 

 
As in the case of Am(OH)3 solubility, comparison with Pu(OH)3 data reveals large variations, 
especially in the higher pH range (pH > 8) (Figure 3). The data again display large concentration 
variations, especially at high pH (data are from Felmy et al., 1989). For pH values less than ~8, 
concentrations of Pu are relatively consistent. Above pH 8, however, Pu concentrations vary by 
~1.5 orders of magnitude. Comparing to the Nd concentrations, Pu concentrations are up to ~2 
orders of magnitude lower than those of Nd. 
 

 
Figure 3. Plot of Nd(III) and  Pu(III) concentration versus pH.  Where the 
data are comparable, Nd concentrations are higher than that of Pu (This 

Study, Sets 1 and 2 by JI were obtained under TP 12‐02).  
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In summary, discrepancies in the Nd, Am and Pu concentrations for hydroxide solid solubilities 
are significant, not only between elements, but within the same laboratory. 
 
4.0 EXPERIMENTAL PROCESS DESCRIPTION 
 
4.1 Overall Strategy and Process 
 
The data presented in Section 3.3 make clear that there are several orders of magnitude 
uncertainties that hinder our understanding of how plutonium and americium will behave under 
repository conditions. A major unresolved issue is the crystalline state of Pu(OH)3 or Am(OH)3. 
Like many sparingly soluble phases, it is likely that Pu(OH)3 and Am(OH)3 will precipitate in the 
amorphous (no long-range periodicity) state. Although there is a driving force for amorphous 
phases to become crystalline (Oswald’s step rule), there is a counter force, in self-inflicted 
radiation damage, to remain amorphous.  So far, there has been very little attention paid to the 
amorphous forms of Nd(OH)3 whose solubility could inform models for Pu(III) and Am(III) 
behavior. Because the solubility of the amorphous phase may be a factor of ~100X higher than 
that of crystalline Nd(OH)3, it will be important to quantify which of these phases will be present 
and how fast the amorphous form will convert into the crystalline. Other, more routine laboratory 
issues, such as the reversibility of the solubility of Nd(OH)3 and the presence of colloids, will also 
be explored. 
 
4.1.1 Experimental Procedure 
 
Task 1.  Synthesis and characterization of amorphous Nd(OH)3. 
 
Our first step is to synthesize amorphous Nd(OH)3 or Nd(OH)3(am). We will use the existing 
synthesis route but restrict the “at temperature” synthesis time between 1 and 3 days. We 
hypothesize that extended periods of time “at temperature” (200 °C for two weeks) are necessary 
for the synthesis products to become crystalline. Shorter times will likely produce amorphous or 
partially crystalline material. The resulting run products will be characterized by X-ray diffraction 
and Raman analyses. The areas under the principal diagnostic peaks for amorphous and crystalline 
Nd(OH)3 will be compared. We also hypothesize that the Raman peaks will differ between 
crystalline and amorphous Nd(OH)3. We expect relative peak broadening, shifting and less intense 
peaks when the two spectra are compared. We also believe that characterization using transmission 
electron microscopy (TEM), specifically, selected area electron diffraction (SAED) will be 
extremely helpful in characterizing the synthesized material. 
 
Alternatively, high purity Nd2O3(cr) will be dissolved into Optima grade hydrochloric acid to make 
a Nd(III) stock solution in a glove box.  Then, the Nd(III) stock solution will be placed into a series 
of 150-mL plastic bottles.  After that, a series of amorphous Nd(OH)3 will be induced to form in 
the supersaturation region by titrating NaOH into a series of 150-mL plastic bottles containing the 
Nd(III) stock solution.  This series of experiments will be terminated periodically at 1 day, 5 days, 
15 days, 30 days, 60 days, 90 days, 120 days, 150 days, 180 days, 210 days, and 360 days.  When 
an experiment is terminated, the pH of the solution will be measured and a solution sample will be 
taken, acidified, and analyzed for Nd(III) using an ICP-MS.  The solid sample will be filtered out.  
The solid samples will be characterized by using the XRD, SEM-EDS, and TEM, to check the 
evolution of crystallinity and particle size. 
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Task 2.  Conversion of Nd(OH)3(am) to crystalline Nd(OH)3 
 
Experiments will be conducted in which amorphous Nd(OH)3 will be placed in reactors containing 
solution and the solid material periodically sampled to determine its crystalline state. As in the 
experiments outlined in #1 the degree of crystallinity will be compared against the data for fully 
crystalline Nd(OH)3. These experiments will quantify the conversion rate as a function of 
temperature. From these data, we will be able to construct a model for the conversion of amorphous 
to crystalline Nd(OH)3. 
 
Task 3.  Determining the effects of colloids  
 
It is well-known that colloids exist in solutions containing micro- to nanocrystalline Nd(OH)3. If 
not properly accounted for, colloids will yield spuriously high concentrations of “dissolved” Nd, 
which will then be interpreted as elevated solubility. This is a problem for Nd(OH)3 because the 
typical crystal size is 500 to 100 nanometers in diameter. We will use a combination of 
centrifugation and progressive filtration (down to 100 kDa) to ascertain the presence of colloids in 
our solutions. We will run two sets of centrifugation and filtration experiments on a 25°C 
experiment, pH = 10. The results will inform subsequent experiments concerning the degree to 
which routine filtration must be carried out (presently, we filter using 200 nanometer opening 
membrane). 
 
Task 4.  Solubility of Nd(OH)3(am) at 25°C over a pH interval 4—13 
 
Because a large data set exists for the solubility of Nd(OH)3 crystalline over a wide pH interval, 
we will compare the results of solubility tests (from undersaturation) at room temperature from pH 
4 to 13. The experiments will be conducted in a glove box with N2 sparged solutions to minimize 
the effects of CO2. A variety of buffers will be used to maintain solution pH over the duration of 
the experiments. The solids will be fully characterized before and after completion of the 
experiments to ensure that the crystalline state is maintained. 
 
Task 5.  Reversibility of solubility experiments and characterization of precipitated product 
 
We will determine the solubility of Nd(OH)3 at room temperature over the pH interval of 10 to 13 
and over a range of NaCl concentrations (0.2 to 5.0 m NaCl) by conducting experiments from the 
“saturation direction”. Put differently, the solubility of neodymium hydroxide will be determined 
by precipitating Nd(OH)3 from a supersaturated solution and then monitoring Nd concentrations 
until they are constant (a condition of equilibrium). From knowledge of the solubility of crystalline 
Nd(OH)3 from undersaturation experiments we will add Nd to solution so that it is 5 to 50X the 
saturation value and then add NaOH until the desired pH is achieved. Precipitation of neodymium 
hydroxide will commence, and a fraction of the precipitate will be immediately removed for 
characterization (chemical composition and crystalline state). After equilibrium has been 
established, we will then examine another fraction of the solids for crystallinity and chemical 
composition. Determining the chemical composition of the precipitated solid is important because 
it is possible that at high ionic strength the phase Nd(Cl)(OH)2 may be stable. 
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4.1.2 Supporting Solutions 
 
All supporting solutions will be prepared from reagent grade chemicals or better chemicals. 
 
4.1.3 Records 
 
Records shall be maintained as described in this TP and applicable QA implementing procedures 
such as NP 20-1 Appendix A.  Those records may consist of bound scientific notebooks, loose-
leaf pages, forms, printouts, or information stored on electronic media.  The PI will ensure that the 
required records are maintained and are submitted to the SNL WIPP Records Center according to 
NP 17-1. 
 
4.2 Sample Control 
 
The sample control for the work under this Test Plan will follow WIPP Procedure NP 13-1.  Each 
sample will be appropriately labeled. Sample preparation, utilization, and final disposition will be 
documented in scientific notebooks. When samples are not in the possession of individuals 
designated as responsible for their custody, they shall be stored in a secure area with associated 
documentation (Chain of Custody). 
 
4.3 Data Quality Control 
 
4.3.1 Measuring and Test Equipment (M&TE) 
 
A calibration program will be implemented for the work described in this test plan in accordance 
with NP 12-1, “Control of Measuring and Test Equipment.”  This M&TE calibration program will 
meet the requirements in NP 12-1 for: (1) receiving and testing M&TE; (2) technical operating 
procedures for M&TE; (3) the traceability of standards to nationally recognized standards such as 
those from the National Institute of Standards and Technology; and (4) maintaining calibration 
records. In addition, NP 13-1 and SP 13-1 identify requirements and appropriate forms for 
documenting and tracking sample possession.  The spreadsheet and other computer-based data 
handling will follow NP 9-1. 
 
4.3.2 Data Acquisition Plan 
 
Data collection procedures are specific to individual instruments.  For details of the data 
acquisition for a particular instrument, see the Specific Procedures (SP) or User’s Manual for that 
instrument. Any data acquired by a data acquisition system (DAS) will be attached directly to the 
Scientific Notebook or compiled in separate loose-leaf binders with identifying labels to allow 
cross reference to the appropriate Scientific Notebook Procedure NP 20-2.  If the instrument allows 
data to be recorded electronically, copies of the data disks will be submitted to the Records Center 
according to procedure NP 17-1 “Records.”  If possible, data files may be transferred to DVD 
disks or CD ROM for submittal to the records center.  For instruments that do not have direct data 
printout, the instrument readings will be recorded directly into the scientific notebook or in a 
separate loose-leaf binder (scientific notebook supplements per NP 20-2) with identifying labels 
to allow cross reference to the appropriate Scientific Notebook, as indicated in the Scientific 
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Notebooks Procedure NP 20-2.  Current versions of the DAS software will be included in the SNL 
WIPP Baseline Software List, as appropriate. 
 
Quality control of the Scientific Notebooks will be established by procedures described in 
procedure NP 20-2 “Scientific Notebooks.”  Methods for justification, evaluation, approval, and 
documentation of deviation from test standards and establishment of special prepared test 
procedures will be documented in the Scientific Notebooks.  Procedures including use of 
replicates, spikes, split samples, control charts, blanks, and reagent controls will be determined 
during the development of experimental techniques, documented according to NP 20-1 “Test 
Plans,” and submitted to records according to NP 17-1. 
 
The numerical data will be transferred from data printouts, electronic media, and scientific 
notebooks to Microsoft Excel (Office 2003 version or later) spreadsheets.  Data transfer and 
reduction shall be performed in such a way to ensure that data transfer is accurate, that no 
information is lost in the transfer, and that the input is completely recoverable.  A copy of each 
spreadsheet will be taped into the scientific notebook.  
 
4.3.3 Data Identification and Use 
 
All calculations performed as part of the activities of TP 19-01 will be documented in a scientific 
notebook.  The notebook will be technically and QA reviewed periodically to ensure that the 
requirements of procedure NP 20-2, “Scientific Notebooks”, are addressed.  The review will be 
documented on a Document Review and Comment (DRC) Form NP 6-1-1. 
 
4.4 Equipment 
 
A variety of measuring and analytical equipment will be used for the work described in this test 
plan.  A complete equipment list, including serial numbers, will be maintained in the scientific 
notebook.  Scientific notebooks will be used to record all laboratory work activities.   
 
4.4.1 Weighing Equipment  
 
Several balances are present in the facility and may be used for this project.  Balance calibration 
checks will be performed daily or prior to usage, using NBS-traceable weight sets, which, in turn, 
are calibrated by the SNL Calibration Laboratory.  Calibration checks will be recorded in Balance 
Calibration Records. 
 
4.4.2 Liquid Measuring Equipment  
 
Standard Laboratory Class A glassware (pipettes, volumetric flasks, etc.) will be used at all times.  
In addition, several adjustable Eppendorf pipettes are available for use in the laboratory.   
 
4.4.3 Other Analytical Equipment 
 
 Ovens and Furnace–Six Precision Telco Lab ovens are being used to hold samples at elevated 

temperatures, if needed.  Temperature is monitored, maintained, and recorded on a daily 
schedule. 
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 pH Meters and Autotitrators – Solution pH may be measured using pH meters and/or 
autotitrators (SP 12-14).  A Mettler Model MA235 pH/Ion Analyzer and a Mettler Model DL25 
Autotitrator will be used for this purpose.  The range for all pH meters is 0.00 to 14.00.  
Electrodes will be calibrated before each use or daily (whichever is less frequent) with a 
minimum of two pH buffers manufactured by chemical companies with unique lot numbers 
and expiration dates; traceable to the National Institute of Standards and Technology (NIST).  
Calibration and performance checks will be recorded in the scientific notebook.  

 Equipment for Chemical Analysis – Five instruments may be used for chemical analyses.  The 
first is a Perkin Elmer NexIon 300D Inductively-Coupled Plasma Mass Spectrometer (ICP-
MS) (SP 12-31).  The second is a Perkin Elmer Optima 8300 DV Inductively-Coupled Plasma 
Atomic Emission Spectrometer (ICP-AES) (SP 12-9); the third is a Cary 300 UV-Visible 
Spectrophotometer (SP 12-25); and the fourth is a UIC, Inc. Carbon Analyzer (SP 12-2), 
consisting of an acidification module, a furnace module, and a CO2 coulometer, and the fifth 
is a DIONEX Ion Chromatograph (IC) 6000 (SP 12-22).  The current revision for these SPs 
will be used.  These instruments will be user-calibrated per instrument requirement.  The ICP-
MS and ICP-AES are two primary instruments that will be used. 

 Equipment for Mineralogical, and Textural Characterization – The mineralogy and texture 
may be characterized using either an Olympus BX60 Polarizing Microscope or a JEOL JSM 
5900LV scanning electron microscope (SEM) (SP 12-17).  Bulk sample mineralogy will be 
determined using a Bruker AXS D-8 Advance X-Ray Diffractometer (XRD) (SP 12-8).  A 
mineral standard will be run periodically to verify diffraction line positions.  

 
The usage of these instruments will follow Activity/Project Specific Procedures (SPs). 
 
5.0 TRAINING 
 
All personnel involved in the experiments described in this Test Plan will be trained and qualified 
for their assigned work.  This requirement will be implemented through procedure NP 2-1, 
“Qualification and Training.”  Evidence of training will be documented through Form NP 2-1-1, 
“Qualification and Training” and/or Form NP 2-1-2, “Training Record.” 
 
Sample preparation procedures, which may vary from sample to sample as work scope evolves, 
will be detailed in scientific notebooks, in accordance with procedure NP 20-2. 
 
6.0 HEALTH AND SAFETY 
 
All of the health and safety requirements relevant to the work described in this Test Plan and the 
procedures that will be used to satisfy these requirements are described in “ES&H Standard 
Operating Procedure (ES&H SOP) for Activities in the Sandia National Laboratories/Carlsbad 
Program Group Laboratory, Building NPHB (U)”—SOP CPG-CHEM-TWD-2011-001.  ES&H 
SOP describes the non-radiological hazards associated with these experiments and describes the 
procedures to deal with those hazards, including all the training requirements for personnel 
involved in conducting the experiments.  Additional SOPs may be mandated by SNL ES&H 
requirements and their issuance will not require revision of this Test Plan. 
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7.0 PERMITTING/LICENSING 
 
There are no special licenses or permit requirements for the work described in this Test Plan. 
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Government, nor any agency thereof, nor any of their employees makes any warranty, 
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Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear Security 
Administration under contract DE-NA-0003525. 
 
Parties are allowed to download copies at no cost for internal use within your organization 
only provided that any copies made are true and accurate. Copies must include a statement 
acknowledging Sandia's authorship of the subject matter. 

 


