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1.0 Executive Summary

The Actinide Engineering and Science Group (MET-1) have completed the Simultaneous Thermal
Analysis and offgas analysis by Mass Spectrometry (STA-MS) of Remediated Nitrate Salt (RNS)
surrogates (Table 1) formulated by the High Explosives Science and Technology Group (M-7). The
1.0 to 1.5 g surrogate samples were first analyzed as-received, then a new set was analyzed with
100-200 pL 10M HNO3 + 0.3 M HF added, and a third set was analyzed after 200 pL of a
concentrated Pu-Am spike (in 10M HNO3z + 0.3 M HF) was added. The acid and spike solutions were
formulated by the Actinide Analytical Chemistry Group (C-AAC) using reagent-grade HNO3z and HF,
which was also used to dissolve a small quantity of mixed, high-fired PuO, / AmO; oxide.

Table 1: Sample matrix for RNS Surrogates

1% Pb(NO3): 2% Pb(NO3): 4% Pb(NO3):
15% Swheat 15% Swheat 15% Swheat
84% WB-8 83% WB-8 81% WB-8
1% Pb(NO3): 2% Pb(NO3)2 4% Pb(NO3):
15% Swheat 15% Swheat 15% Swheat
84% WB-8 83% WB-8 81% WB-8

100-200 pL 10M HNO3 + 0.3 M (100-200 pL 10M HNO3 + 0.3 M [100-200 pL 10M HNO3 + 0.3 M

HF HF HF

1% Pb(NO3): 2% Pb(NO3): 4% Pb(NO3):
15% Swheat 15% Swheat 15% Swheat
84% WB-8 83% WB-8 81% WB-8

200 pL Pu, Am in 10M HNO3z + 200 pL Pu, Am in 10M HNO3 + (200 pL Pu, Am in 10M HNO3 +
0.3 M HF 0.3 M HF 0.3 M HF

All samples were analyzed in triplicate. The thermal behavior of all surrogate samples—unspiked
and spiked—is dominated by three basic phenomena: 1) an endothermic dehydration reaction
which onsets between ~38 and 50 °C, 2) an exothermic reaction which onsets between 108 and
123 °C related to the rapid gas release, foaming and expansion of the sample, and 3) steady-state,
and slightly exothermic, combustion of the foamed sample above ~150 °C. Stage 1 is dominated by
the release of copious amounts of H,0 and mass losses between 35 and 45%. Stage 2 is marked by a



sudden increase in the NOy and CO; content of the offgas as H,0 begins to tail off. The sustained
release of small amounts of CO; and lesser amounts of NOx and H0 is typical of Stage 3.

The thermal behavior of the RNS surrogates is remarkably consistent and repeatable, given their
generally inhomogeneous nature. Varying amounts of lead nitrate in the RNS surrogates has only a
slight—if any—effect on the observed thermal behavior. The surrogates containing 1% and 2%
Pb(NO3); appeared to be slightly more reactive between ~70 and 115 °C than the formulation
containing 4% Pb(NO3)2. Some of the 1% and 2% samples showed small exotherms near or at the
base of the dehydration endotherm. Both the onset and cessation of foaming occur at similar
temperatures and the mass losses during dehydration / foaming is also similar for all Pb
concentrations.

The thermal behavior and offgas content of the as-received and acid-doped RNS surrogates are
broadly similar. While several of the 1% and 2% Pb(NOs). samples exhibited small exotherms in
the ~80 and 110°C region, this behavior was neither consistent nor predictable. In most cases,
these small exotherms were accompanied by near-vertical spikes in the NOx content of the offgas.
The addition of the acid (and the Pu-Am spike) increased the slope of the foaming reaction.

When spiked with the Pu-Am solution, every surrogate sample showed significant exothermic
activity and multiple, transient, near-vertical NOy offgas maxima in the region between ~80 and
115 °C. In the Pu-Am spiked samples, these exotherms have a characteristically jagged, multi-
peaked appearance, and are similar to the corresponding multiple NOy peaks. The addition of an
extra 100 uL of Pu-Am spike to one sample (300 uL of Pu-Am spike, total) did not increase the
reactivity of the surrogate relative to the other Pu-Am-spiked runs.

We also analyzed the dried residue left after evaporating 200 uL of the spike in a Pt-Rh differential
scanning calorimetry (DSC) pan. Phase identification was not performed, though it is likely that the
residue consisted of a mixture of Pu and Am nitrate hydrates and anhydrous fluorides. Results of
the STA-MS analysis show multiple losses of NOx superimposed over a single dehydration event.
Significantly, the first onset of NOy emission occurs at ~60-65 °C. The endothermic de-nitrification
reaction related to this peak is marked by a change in slope which onsets at 64.0 °C. Though the
majority of the NOy is released at much higher temperatures, the dried Pu-Am spike residue begins
to release NOx at temperatures that are ~40-50 °C lower than the first release of NOx from
Fe(NO3)3-9H20 (e.g., Wayne, 2015).

In conclusion, the STA-MS testing of RNS surrogate indicates that the addition of 3.12 mg Am and
5.54 mg Pu (as 200 uL of a Pu - Am solution in 10M HNO3 / 0.3M HF) to 1.0 to 1.5 g samples of three
RNS surrogate formulations increases reactivity in the 75-115 °C region in each, relative to that of
the surrogate alone. Spiking the RNS surrogate with a similar volume of the same HNO3-HF acid
solution with no SNM content changed its thermal behavior only incrementally, by comparison. We
further speculate that the observed phenomena are related to the chemical reactivity of the actinide
compounds, and are not related to their radioactivity.



2.0 Introduction

MET-1 completed STA-MS testing on three different RNS formulations (Table 1) on April 15, 2016.
Simultaneous thermal analysis (STA) combines traditional thermogravimetric analysis (TGA - the
monitoring of mass changes over a controlled temperature profile) with differential scanning
calorimetry (DSC - the monitoring of heat flow into and out of the reacting sample over the same
temperature profile). Gases generated by the STA are analyzed using quadrupole mass
spectrometry (MS). This report details the results of these analyses, including all calibrations,
documentation, and other analytical operations required under the test plan PA-PLAN-01186,
“Differential Scanning Calorimetry and Mass Spectrometry (DSC-MS) of Remediated Nitrate Salt
(RNS) Surrogates,” released for TA-55 operations on December 7, 2015.

All STA-MS operations follow the work-authorizing operating procedure for STA-MS analyses in PF-
4; PMT2-MPR-DOP-015, R4, “Thermal Analysis with Off-Gas Analysis by Quadrupole Mass
Spectrometry,” approved for use on October 15, 2015. The data sheets intrinsic to PMT2-MPR-DOP-
091 were used to record analytical results, and are combined with text and graphic output from the
instrumentation in an Appendix to this document. The apparatus used for this study is: Netzsch
STA409PC Luxx Simultaneous Thermal Analyzer, commission number 206.010.667/04; and Pfeiffer
ThermoStar GSD301T3 Gas Analysis System.

3.0 Documentation

Ancillary documentation relating to RNS surrogate testing, and to the materials, software and
procedures utilized are appended to this report. The content of these appendices are tabulated
below (Table 2).

Table 2: List of Appendices

Appendix | Document Title / Number

Number

1 PA-PLAN-01186, “Differential Scanning Calorimetry and Mass Spectrometry (DSC-MS)
of Remediated Nitrate Salt (RNS) Surrogates” (Unclassified)

2 PMT2-MPR-DOP-015, R4, “Thermal Analysis with Off-Gas Analysis by Quadrupole Mass
Spectrometry”

3 LA-UR-15-28116 “Simultaneous Thermal Analysis of WIPP and LANL Waste Drum
Samples: A Preliminary Report” (Unclassified)

4 Chain of Custody documentation per QA-38, R0 “Chain of Custody,” effective
December 2, 2015 (Unclassified).

5 Manufacturer’s Certifications for DSC Calibration Materials per DIN 51007 and ASTM
E 967 (Unclassified)

6 Data Sheets from PMT2-MPR-DOP-015, R4 with text and graphic output from
the Netzsch STA409PC.

7 STA-MS Lab Notebook Pages from February 17, 2016 to April 15, 2016 (Unclassified)

8 Safety / Non-Safety Software Determination, Categorization, and Software Risk Level
(SRL): Form 2033




All testing was carried out according to PA-PLAN-01186, with some administrative modifications,
which became necessary between the issuance of the plan and the beginning of testing. None of
these changes affected the quality or integrity of the RNS surrogate analyses, and do not constitute
non-conformances per LANL Policy P330-6, R10 “Nonconformance Reporting” (Effective:
03/15/16).

1) Under “Scope” (Section 1.2) only experiments on surrogate and surrogate + SNM (Phase 1
and Phase 2) have been performed. No analysis involving zeolite-based adsorbing agents
has been planned, as of this writing.

2) Under “Precautions and Limitations (Section 2.0), the document used to expedite Chain of
Custody for the RNS surrogate samples was not NF-QA-004, “Sample Receipt, Processing and
Storage for the Bulk Actinide Nuclear Forensics.” This entry was made in error, as itis a
procedure designed for use in transporting radioactive samples. The procedure
appropriately used for the transport of non-radioactive samples (and used throughout this
study) was QA-38, RO “Chain of Custody.”

3) Under Section 4.1, “Addition of Radioactive Components” the sub-sampling described in
steps 4.1.1 through 4.1.4 was performed at TA-9 by M-7 personnel. Multiple vials containing
samples from the same surrogate lot were then sent by C-AAC to MET-1. The remaining
steps in this section were carried out as-written by MET-1.

The data sheets in Appendix 6 were designed for use with actinide compounds intended for storage
in 3013 cans. Due to a formatting error, page 55 (of 63) appears blank (see Appendix 2). These
pages have been omitted from the data sheets. Further, the data sheets have headers that mark the
document as “R3.” This is a typographical error. The most current revision of the DOP on
Documentum® is R4.

The nature of the RNS surrogate analyses is intrinsically different from that of actinide oxides
intended for storage in 3013 cans. Two inconsistencies in the printed acceptance criteria do not
apply to the RNS surrogate analyses and shall be disregarded: 1) RNS surrogate samples weigh less
than 25 mg, and are not required to meet the 3< x <18 gram requirement printed on the data sheet,
and 2) mass losses from the surrogate will always exceed the 3013 limit of 0.4 wt%. We also made
several global, generic handwritten N/A annotations in the ‘Comments’ section of the data sheets,
which apply to all of the runs. These are as follows:

1) M&TE: Calibration File Number for the thermocouple and DSC calibrations is N/A. Both are
user-performed calibrations (UPCs) and, as such the Cal. File No. is not required. All
thermocouple and DSC calibration data used for the RNS surrogate analyses are included in
this document.

2) M&TE: Calibrated Thermometer for Water Chiller - calibration is no longer required and is
marked N/A. The temperature readout on the chiller (constant at 18.0 °C) is sufficient is
sufficient to ensure the quality of STA (TGA-DSC) analyses.



3) MA&TE: Verification of temperature profile to 1100 °C is N/A - the analyses of the RNS
surrogates need only go to 350 °C, per M-7.

4) Glovebox Conditions: Recording of the “Seal %RH and Temperature” is N/A: not required by
the customer.

5) Total Moisture (H20): Recording moisture content data for the RNS surrogates is N/A: not
required by the customer.

These and any other handwritten N/A markings on the data sheet are noted and explained in the
“Comments” section.

4.0 Materials

4.0.1 RNS Surrogates

The RNS surrogates were fabricated by M-7 following PLAN-TA9-2443, Rev. B “Remediated Nitrate
Salt Surrogate Formulation and Testing Standard Procedure,” released on February 16, 2016. The
content of the nitrate component of the surrogate (nominally 81-84% of each sample, by weight,
per Table 1) is summarized in Table 3. The remainder of the surrogate is comprised of 15%
Swheat® organic adsorbing agent and varying concentrations (1, 2, and 4% by weight) of lead
nitrate (Pb(NO3)2). Sampling of the surrogates into 1.0 to 1.5-gram quantities was carried out by M-
7. Samples were packaged into 30 mL plastic scintillation vials, capped and placed into custody-
sealed bags by C-AAC personnel (Appendix 4). The bags were over-packed in paint cans for safe
transport, and received in the TA-55 Entry Control Facility (ECF) by MET-1 personnel. The paint
cans were opened and the packing removed in the MET-1 Cold Lab (PF-3, Room 177), and the
packaged vials were hand-carried into the TGA/DSC lab in PF-4. There, the custody-sealed bags
were opened and the vials immediately introduced into the glovebox line. Chain of Custody
documentation (per QC-38, R0O) for all sample transfers from M-7 to MET-1 via C-AAC is included
here in Appendix 4.

Table 3: Nitrate component (WB-8) of the RNS Surrogates

Material Milligramsa Wt %P
AI(NO3)3-9 H20 1883 3.20
Ca(NOs3)2-4 H20 7490 12.72
Cr(NO0s3)3-9H,0 92 0.16
Fe(NOs)3-9H.0 2861 4.86
Mg(NO3)2-6H.0 21020 35.69

NaNO3 4660 791
(COOH)2:2H:0 1700 2.89
K2CO3 888 1.51
Water 2538 4.31

a Masses are +1 mg; b Weight % values are #0.01 %



4.0.2 Pu-Am Spike
The proposed mass of both Pu and Am to be added to the surrogate is 0.003 times the mass of the

WB-8 salt (i.e., the total sample minus the Swheat®). These values correspond to the maximum

values of the mass ratios of both Pu and Am to total nitrate salt in the parent drums of the existing
RNS inventory at LANL and WCS (Veirs, 2016). The Pu-Am spike used for these studies, though
similar in concentration, did not exactly match the ideal.

Acid mixtures and the Pu-Am spike were made by C-AAC personnel at TA-55 using reagent-grade

acids and distilled de-ionized water. The concentrated Pu-Am spike was prepared by dissolving a
mixed Pu-Am oxide in 10M HNOs3 + 0.3M HF. The dissolution process took nearly 2 weeks and
resulted in 0.01947 L (19.47 mL) of a dark green solution. The total amount of dissolved mixed Am-
Pu oxide was 0.8442 g, with an oxide ratio of 36% AmO / 64% PuO2. Taking 36% of 0.8442 yields
0.304 g AmO;, and 64% of 0.8442 yields 0.540 g PuO.. In 19.47 mL of solution, the concentrations of
Am and Pu are, respectively: 0.304g Am / 0.01947L = 15.6 g/L Am, and 0.540g Pu / 0.01947L =
27.7 g/L Pu. Thus, 100 microliters (uL) of spike contain 1.56 mg Am and 2.77 mg Pu (oxide basis).

The surrogate samples weighed 1.0 to 1.5 grams, averaging 1.25 g (Brown, 2016). Of the 1.25 g

samples, the total salt content was between 1.01g and 1.05g. In order to approximate the SNM
levels observed in the WIPP drum (e.g., Veirs, 2016), we added 200 uL to the surrogate, to yield
final mixtures containing 3.12 mg Am and 5.54 mg Pu per gram of nitrate salt mixture.

Table 4: Temperature and enthalpy calibration data for the Netzsch STA 409PC using the SRMs
listed in Appendix 5

Instrument:

NETZSCH STA 409PC

File names:

WIPP temp 022916.ngb-tsv (T); WIPP 022916.ngb-esv (enthalpy)

Heating rate:

10 °C/min

Furnace: STD SiC(PC)
Crucible: DSC/TG pan Pt-Rh
Atmosphere: | Ar + air
Date: 2/29/2016 3:42:00 PM (T); 3:32:52 PM (enthalpy)

Temp. | Temp. Peak Sensitivity | Sensitivity

Temp. Cert. | Meas. | Corr. | Enthalpy | Area Exp Calc.
Substance °C °C °C I/8 uV*s/mg | uV/mwW | uV/mW

Air 36.2 32.8| 339 - - -
Biphenyl 69.2 | 687 | 70.2 -120.5 | -114.7 0.952 0.957
Benzoic acid 122.4 121 123 -147.4 -132.9 0.902 1.023
RbNO;(trig>cub) 164.2 | 163.6 166 -26.6 -33.22 1.249 1.061
RbNO3 (melt) 285 | 282.7 | 286 -8.75 | -9.134 1.044 1.101
Ag2S04 426.4 | 421.3 | 425.2 -51.9 -54.25 1.045 1.039
CsCl 476 | 469.3 | 473.4 -17.2 -16.36 0.951 0.999
K2CrO4 668 | 666.2 | 670.5 -37 -32.36 0.875 0.802
BaCOs 808 | 803.3 | 807.3 -94.9 -58.83 0.62 0.657




Acid spikes were added to the surrogate per PA-PLAN-01186, Section 4.1. Due to a malfunction of
the PF-4 trolley system, a micropipette was not available for spiking the surrogate with precisely-
known volumes of acid. For SFWB8-15-1 and SFWB8-15-4, the acid spike was added using a
commercially-available plastic dropper. The amount of HNO3 / HF added to these samples was 1-2
drops, approximately equivalent to 100-250 uL. The micropipette was available for SFWB8-15-2,
and was used to add 100 uL. of HNO3 / HF to the surrogate. At the time, the concentration of
actinides in the final Pu-Am spike was not known, and it was assumed that 100 uL of acid would be
an appropriate amount. The final concentration of Pu and Am in the Pu-Am spike required that 200
uL of spike be added to the RNS surrogates to approximate the values seen in actual waste drums.
Thus, one of the acid-only runs of SFWB8-15-2 was repeated using 200 uL of acid. The micropipette
was used for all Pu-Am additions, and each utilized a 200 uL volume.

After the spike was added to the sample vial, the nitrate solution was thoroughly mixed with the
sample using a clean, disposable wooden stirring rod. Since the sample was already in a unique
container, no sample transfer had to be performed, vastly reducing the interaction time of the
sample with the very dry glovebox atmosphere. Typically, anywhere from 3 to 24 hours elapsed
between the spike mixing and the initiation of the STA-MS run. Due to the intense foaming of the
RNS surrogates during thermal analysis, only 10-20 mg aliquots were scooped from the sample vial
directly into the Pt-Rh sample pan.

Table 5: MS gas analysis parameters.

Specie | Nominal | Dwell Time .
Resolution
S mass (s)

(Hz)* 2 0.5 50
C+ 12 0.5 50
o+ 16 0.2 50

(OH)+ 17 0.2 50

(H:0)+ 18 0.2 50
(NO)+ 30 0.2 50
36Ar+ 36 0.05 50
(CO2)+ 44 0.2 50

(NO2)* 46 1.0 50
(S0)+ 48 0.5 50

The Netzsch STA 409 PC STA-MS operated and maintained in PF-4 by MET-1 was calibrated for
temperature and enthalpy measurements from 69.2 °C to 808.0 °C using a set of seven standard
materials provided by the manufacturer. Individual certifications for each material are located in
Appendix 5 of this document. Certified values for each standard reference material (SRM) and the
calibration results are tabulated in Table 4. A balance calibration was performed on the STA-MS
prior to the initiation of this study, on February 22, 2016. Samples were weighed on a benchtop lab
balance located in the STA-MS glovebox (B366). This balance calibrated and checked daily by the
Nuclear Component Operations Support Services Group (NCO-6) per PA-DOP-01492, “Measurement
Control of Balances and Revalidation of In-line Weights.”



Glovebox humidity and temperature were measured using a calibrated hand-held hygrometer /
thermometer (Cal. File # 041888, exp. 10-25-16) maintained as Measuring and Test Equipment
(M&TE) by the Production Planning and Control Group (NPI-2). A calibrated wall clock used for this
study (Cal. File # 040480, exp. 8-3-16) is also maintained as M&TE by NPI-2. Calibrations of both
items were performed by the on-site Standards and Calibrations Laboratory.

4.1 Software

The software used for the RNS surrogate analyses was Netzsch Proteus, version 6.1.0 / 02.09.2015
for Win XP and Win7, and Pfeiffer QuadStar / ThermoStar 32-bit, version 7.03 for W2000 and Win
XP. Software risk level determinations for both are included in this report (Appendix 8). The
software is COTS and is operable as-is with no modifications. The computer used for to run the
software and acquire the data in PF-4 is a standalone PC with Win XP. Data from the mass
spectrometer can be imported directly into Netzsch Proteus and superimposed on to the
thermograms given the correct starting temperature of the analysis (see Appendix 6). A copy of the
Proteus software is also maintained in the office, on a PC running the Win 7 OS to facilitate data
processing and graphical display. Some data plotting was also accomplished using Origin 9.0
software, generically available through LANL’s EDS system.

4.2 Samples and Run Conditions

The samples consist of a yellow-brown paste containing small (~1 mm diam.) white-to-gray kernels
in suspension. STA-MS analyses were conducted in triplicate, as specified in PA-PLAN-01186 RO,
and were initiated either the afternoon of sample introduction, or the following morning. In all
cases, analyses were complete before the 4-day expiration limit of the surrogates had been reached.

Table 6: Thermodynamic data for phase transitions in K(NO3), Rb(NO3) and Ag>(S04) measured in
the TGA-DSC apparatus used for this study

Known Measured 0 o
Date / compound Onset T. Onset T. /RSD AH (1/8) AH (J/8) #ORSD
o o (1o) known measured (1o)
0 (&Y
03/01/2016 128.7 132.3 +2.8 -50.0 -62.0 -24.0
KNO3
03/07/2016 128.7 131.5 +0.8 -50.0 -62.1 -24.2
KNO3
03/15/2016 164.2 165.9 +1.0 -26.6 -31.3 -4.7
RbNO3 285 286.0 +0.4 -8.75 -8.64 +1.3
03/21/2016 164.2 166.0 +1.1 -26.6 -31.5 -18.4
RbNO3 285 286.0 +0.4 -8.75 -8.68 +0.8
03/29/2016 426.4 427.2 +0.2 -51.9 -51.5 +0.8
AgzS04
04/06/2016 164.2 165.9 +1.0 -26.6 -30.5 -14.7
RbNO3 285 285.9 +0.3 -8.75 -7.90 +9.7
04/12/2016 128.7 130.7 +2.3 -50.0 -60.8 -21.6
KNO3




Disposable wooden dowels were used to convey 10-25 mg of sample into the Pt-Rh DSC pan.

Samples usually consisted of 1-2 white kernels and varying amounts of the yellow-brown paste.
The total time of exposure to the dry (%RH <0.6% at 25 - 32°C) glovebox atmosphere between the
opening of the vial and the weighing of each sample was 2-4 minutes. Before each run, samples

were exposed to the DSC atmosphere, a mixture of air and argon gas, for ~10-20 minutes before the

initiation of analysis. This invariably caused the sample weight to decrease by evaporation prior to

the initiation of the STA-MS run. For the acid-spiked and Pu-Am-spiked samples, the mass loss was

significant. In these cases, the final sample mass entered into the Proteus software was that

recorded immediately prior to the initiation of the run. The weight change via evaporation had no
effect on the results, and both weights were recorded in the lab notebook (Appendix 7). The Ar
content of the furnace atmosphere consistently varies from ~15-20% Ar and 5% O (balance N3) to
50-65% Ar and 1.5-3.5% O; from the beginning of the run to the end.

Figure 1: DSC data from SFWB8-15-1 with no additives. Heavy black lines represent averaged data from all three

runs.
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0 5 10 15 20 25 30
Time /min
Main 2016-04-21 09:34  User: 113674 SFWB8-15-1 no additives.ngb-taa
[#] Instrument  File Date Identity Sample S.. Range Atmosphere Corr.
[1]STA 409P . |SFWB8-15-1 030716C ngb-dsv 2016-0.. |SFWB8-15-1 030... | SFWB8-15-1 030 1../30°C/10.0(K/min)/3_.. |ARGON/50 / ARGON/30 / <no... |DSC:020, T
[2] STA 409P_ |SFWB8-15-1 020716B.ngb-dsv 2016-0.. SFWB8-15-1 030.. SFWB8-15-1 030 1..130°C/0.0(Kimin)/3... ARGON/50 / ARGON/20 / <no... | DSC:020, T
[3] STA 409P_  SFWB8-15-1 030716A ngb-dsv 2016-0.. SFWB8-15-1 030.. SFWB8-15-1 030 1. 30°C/0.0(K/min)/3.. ARGON/50/ ARGON/30 / <no_.  DSC:020, T
[4]STA409P_  average SFWBS-15-1 030716B71_SFWB8-15-1030716C . 2016-0_ SFWBS-15-1 030 SFWBS-15-1 030 1. 30°C/10.0(K/min)/3.. ARGON/50/ ARGON/30 /<no._. -
[5]STA409P_  average SFWBS-15-1 030716A41_SFWB8-15-1030716C . 2016-0_ SFWB8-15-1 030 SFWBS-15-1 030 1. 30°C/10.0(K/min)/3_. ARGON/50 / ARGON/30 / <no

Created with NETZSCH Proteus software

Onset temperatures were obtained using the ‘onset’ capability in Proteus. Enthalpy values are

approximate, and were obtained by choosing a reasonable background value on either side of the

peak and integrating the peak area in Proteus. Mass changes were evaluated by using the first

derivative of the mass change curve. For all DSC plots, exothermic peaks point upwards.
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The STA-MS is coupled to a Pfeiffer ThermoStar quadrupole MS (GSD 301T) via a 1m long heated
(200°C) silica capillary transfer line. Mass spectrometer data were acquired and processed using
the Pfeiffer ThermoStar Suite (Quadstar 32-Bit, v7.03). The mass spectrometer was operated in
peak hopping mode (MID), using electron ionization (EI, 70 eV). The RF polarity was normal, the
ionization filament current was 1.0 mA, and the multiplier (SEM - channeltron) voltage was 1200 V
during all phases of analysis. Analyzer pressure immediately prior to analysis was 9.5 x10-7 to 1.2
x10-6 mbar. Gas species analyzed for this study are summarized in Table 5.

The entire apparatus (STA and MS) is located inside a dry air glovebox fitted with hard-plumbed,
filtered gas inlets and sealed electrical and telemetric feedthroughs. During analysis, ambient
glovebox conditions were: temperature (T) = 25 to 32 °C, relative humidity (%RH) = 0.4 - 0.6%.
Pre-run baseline values varied from approximately -6 to -4 uV. All samples were heated to 350 °C at
arate of 10 °C per minute.

Figure 2: DSC plot for SFWB8-15-2 with no additives. Heavy black lines represent averaged data of all 3 runs.

The STA was calibrated using a standard reference material (SRM) set provided by Netzsch
(6.223.5-91.2), which consists of certified materials listed in Table 4 and in Appendix 5. These
materials were used to construct calibration curves for the measurement of temperature and
enthalpy using the DSC measurement head. Measured and calculated sensitivity values, the ratio of
the reference enthalpy values to those measured in our apparatus, for each standard are also listed
in Table 4. Several samples having known transition temperatures and enthalpy values (typically

11

DSC /(mW/mg)
TG /% Temp. /°C
1 SEWBB8-15-2: no additives 143.0 °C, 0.5122 1 exo
s . £ 103 mW/mi
100 142.2 °C, 0.9085 mW/mg 9 i 350
- B
Mass Change: -22.07 % 15
Bl r-2.0
W Onset: 115.9 °C e ‘l&
1 3 Onset: 116.0 °C
40 1 / 55 My r 50
| aasitaitsi Onset: 114.0 °C SL25
Time /min
Main 2016-04-21 09:38 User: 113674 SFWB8-15-2 no additives.ngb-taa
[#] Instrument  File Date Identity Sample M... S. Range Atmosphere Corr.
[1]STA 409P... SFWB8-15-2A 032316.ngb-dsv 2016-0.. SFWB8-15-2A SFWBS8-15-2 A 23.. 1. 30°C/10.0(K/min)/... ARGON/50 /ARGON/30/ <no... DSC:020, T..
[2] STA 409P. SFWB8-15-2B 032316.ngb-dsv 2016-0 SFWB8-15-2B 03... SFWB8-15-2B 03... 14... '1../30°C/10.0(K/min)/ ARGON/50 / ARGON/30 / <no. DSC:020, T
[3] STA 409P. SFWB8-15-2C 032316.ngb-dsv 2016-0. SFWB8-15-2C 0. SFWB8-15-2C 0. 13.. 1. 30°C/10.0(K/min)/. ARGON/50 / ARGON/30 / <no. DSC:020, T
[4] STA 409P. average_SFWB8-15-2C 03231671_SFWB8-15-2A 032316... 2016-0 SFWB8-15-2C 0. SFWB8-15-2C 0 17... 1. 30°C/10.0(K/min)/. ARGON/50 / ARGON/30 / <no.
[5] STA 409P. average_SFWB8-15-2C 03231641_SFWBB8-15-2A 032316... 2016-0 SFWB8-15-2C 0. SFWB8-15-2C 0 17... 1. 30°C/10.0(K/min)/. ARGON/50 / ARGON/30 / <no.
Created with NETZSCH Profeus soffware



KNO3) were run during the course of RNS surrogate analysis (Table 6) to evaluate the precision and
accuracy of the onset temperatures and AH measurements relative to the certified values. Onset
temperatures vary from the certified values by <3.0%, while the enthalpy measurements (obtained
by integrating the peak area using Netzsch Proteus software) vary from the certified values by
~+10% to ~-25%. Thus, we consider the enthalpy values derived from DSC curve peak integrations
to be semi-quantitative.

The sample outgas is entrained in a ~80 mL/min ultra-high-purity (UHP) Ar flow. Although the TGA
furnace and gas inlets were evacuated and flushed with UHP Ar prior to sample loading, some air
was admitted to the sample chamber when it was opened to load the sample. At the beginning of
each analysis, the Ar content of the headspace was 10 to 30%, with the balance as dry air. During
analysis, Ar content steadily increased to 40-80%.

A single baseline curve run on March 8, 2016 (WIPP350CBaseline.030816.ngb-bsv) was utilized
throughout this study to correct the STA results for the effects of thermal buoyancy. During an
analysis on March 15, 2016, a small amount of the sample foam was deposited on the top of the DSC
platform. The apparatus was subjected to overnight cleaning and bakeout. Results from calibration
check samples run before and after this incident indicates that subsequent STA measurements were
not changed by this event.

Figure 3: DSC data from SFWB8-15-4 with no additives. Heavy black lines represent averages of all three runs.

DSC /(mW/mg)
TG /% Temp. /°C
1 SFWB8-15-4: no additives 1 exo
LN R
100 | ~= === 143.3°C, 0.6618 mW/mg Br15  Las0
he Y o’
4 ~ -
- S
90 ~ r1.0 300
Onset: 1113 °C
§! Onset: 1185 °C
1 — 2
404 - — Onset: 117.9°C F50
Time /min
Main 2016-04-21 09:42 User: 113674 SFWB8-15-4 no additives.ngb-taa
[#] Instrument  File Date Identity Sample M... S.. Range Atmosphere Corr.
[1] STA 409P SFWB8-15-4B 031516.ngb-dsv 2016-0 SFWB8-15-4B 03... SFWB8-15-4B 03... 12... 1.. 30°C/10.0(K/min)/3... ARGON/50 / ARGON/30 / <no. DSC:020, T
[2] STA 409P SFWB8-15-4C 031616.ngb-dsv 2016-0 SFWB8-15-4C SFWB8-15-4C 03... | 13... | 1.. | 30°C/10.0(K/min)/3... ARGON/50 / ARGON/30 / <no DSC:020, T
[3] STA 409P. SFWB8-15-4D 031716.ngb-dsv 2016-0 SFWB8-15-4D 03... | SFWB8-15-4D 03... |16... |1.. 30°C/10.0(K/min)/3... ARGON/50 / ARGON/30 / <no. DSC:020, T
[4] STA 409P. average_SFWB8-15-4D 03171671_SFWB8-15-4B 031516... 2016-0 SFWB8-15-4D 03... SFWB8-15-4D 03... 14.. 1.. 30°C/10.0(K/min)/3... ARGON/50 / ARGON/30 / <no.
[5] STA 409P. average_SFWBB8-15-4B 03151641_SFWB8-15-4C 031616... 2016-0 SFWB8-15-4B 03... SFWB8-15-4B 03... 14... 1.. 30°C/10.0(K/min)/3... ARGON/50 / ARGON/30 / <no.

Created with NETZSCH Proteus software
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The physical appearance of the sample residue after each run indicated that considerable foaming
and swelling (via pore formation) had occurred during each run. The total estimated amount of
volume swelling varied from sample to sample, but was typically between ~5 and 10X the original
sample volume. During each run, the foaming surrogate lifted the crucible lid off the top of the Pt-
Rh pan. The extruded mass was frothy, friable, and light- to dark brown in color. Two of the 27 total
runs had to be repeated because the foaming of the surrogate resulted in contact between the
sample and the furnace wall, thus rendering the weight measurement invalid. Both runs were
successfully repeated using smaller samples. Run sheets and data from both failed runs are
included in Appendix 6.

Figure 4: Offgas data from SFWB8-15-1 (no additives) minus Hz20, showing typical trends in NOx and CO:
concentrations during heating. The patterns seen in this sample are typical of those seen in all un-spiked
RNS surrogates.

lon Current *10-7 /A
TG /% DSC /(mW/mg) Temp. °C

SFWB8-15-1/030716a X9
143.6 °C, 0.3144 mW/mg Onset: 247.7 °C 353 5106
0 . L 14 - 350

—
S, 126.6C
N

90 ] r0.4 L1 L 300

102 140 250

80 { Onset: 37.6°C
Onsel: 118.2°C = 10 -0
40 4, : : : : : :
Time /min
Main  2016-04-26 17:11  User: 113674 SFWBB8-15-1 030716A nowater ngb-taa

[#] Instrument File Date Identity Sample Mass... Seg.. Range Atmosphere Corr.
[1]1 STA 409PC/PG SFWB8-15-1 030716A.ngb-dsv  2016-03-09 SFWB8-15-1 030716A SFWB8-15-1030716A 3847  1/1 30°C/10.0(K/min)/350°C ARGON/50 / ARGON/30 / <no gas>/--- DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 030716a_m2.00.imp | 2016-03-09 sfwb8-15-1030716a |Mass 2.00 17 36°C/1.1(K/min)/1°C
[3]1 QMS 403 sfwb8-15-1 0307 16a_m11.98.imp 2016-03-09 sfwb8-15-1030716a Mass 11.98 17 36°C/1.1(K/min)/1°C
[4] QMS 403 sfwb8-15-1 0307 16a_m15.97.imp | 2016-03-09 | sfwb8-15-1 030716a |Mass 15.97 1 1.1(K/min)/1°C
[5] QMS 403 sfwb8-15-1 0307 16a_m16.97.imp 2016-03-09 sfwb8-15-1030716a Mass 16.97 17 36°C/1.1(K/min)/1°C
[6] QMS 403 sfwb8-15-1 0307 16a_m17.97.imp | 2016-03-09 ' sfwb8-15-1 030716a |Mass 17.97 7n 36°C/1.1(K/min)/1°C
[7]1QMS 403 sfwb8-15-1 0307 16a_m30.03.imp 2016-03-09 sfwb8-15-1030716a Mass 30.03 17 36°C/1.1(K/min)/1°C
[8] QMS 403 sfwb8-15-1 0307 16a_m35.94.imp 2016-03-09 sfwb8-15-1030716a Mass 35.94 17 36°C/1.1(K/min)/1°C
[10]QMS 403 sfwb8-15-1 0307 16a_m45.91.imp 2016-03-09 sfwb8-15-1030716a |Mass 45.91 ”n 1.1(K/min)/1°C
[11]1QMS 403 sfwb8-15-1 0307 16a_m47.91.imp | 2016-03-09 | sfwb8-15-1 030716a |Mass 47.91 n /1.1(K/min)/1°C

Created with NETZSCH Proteus software

5.0 Results

The thermal behavior of all surrogate samples in this study is dominated by three basic
phenomena: 1) an endothermic dehydration reaction which onsets between ~38 and 50 °C, 2) an
exothermic reaction which onsets between 108 and 123 °C related to the rapid gas release, foaming
and expansion of the sample, and 3) steady-state, and slightly exothermic, combustion of the
foamed sample above ~150 °C. Stage 1 is dominated by the release of copious amounts of H,0 and
mass losses between 35 and 45%. Stage 2 is marked by a sudden increase in the NOx and CO:
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content of the offgas as H,0 begins to tail off. The sustained, near constant, release of small amounts
of COz, and lesser amounts of NO, and H-0, is typical of Stage 3.

5.1 RNS Surrogates with no Additives

The results of the DSC-TGA analyses of the RNS surrogates run as-received are shown in Figures 1-
3. Dehydration onsets between 38 and 43 °C and is followed by a change in slope, or a small
exotherm, which onsets between ~69 and 97 °C. Endothermic dehydration and denitrification
continues until foaming onsets between ~108 and 116 °C. The cessation of foaming is taken as the
maximum point of the foaming exotherm, shown on Figures 1-3. Most of the gas release is complete
below this point (135.4 - 153.8 °C), and the sample maintains quasi-equilibrium to the end of the
run at 350 °C. Several of the samples exhibit a broad exotherm between 200 °C and 300 °C. Gas data
indicate that this is related to, and dominated by, CO, emission (though NOx and some H,0 may also
be emitted). Thus, the shallow exotherms seen in this high-temperature region may be indicative of
partial combustion of the extruded sample closest to the furnace.

Figure 5: DSC results for SFWB8-15-1 plus 10M HNOs + 0.3M HF. Heavy black lines represent averaged data.
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60 1 ~ - 150
g 3 - -
\\\ ~a Mass Change: -23.68 % 1.0
o
\\\\\ S
Area: 14.88 pVs/mg ) R - - 100
50 1 Pl \\\ S --1.5
f" Onset: 109.5 °C _—— e _
g Onset: 108.5 °C ~ e U
4 Onset: 111.4 °C TR r 50
40 4 e’ nse X 20
T T T T r v T
0 5 10 15 20 25 30
Time /min
Main  2016-04-18 13:49  User 112674 SFWBB-15-2 ACID ABC.ngb-taa
|[#]Instrument  File Date Identity Sample M... S.. Range Atmosphere Corr.
[1]STA409P.. SFWB8S-15-1 ACID A.ngb-dsv 2016-03... SFWB8-15-1 AC... SFWB8-15-1 AC... 26.. 1. 30°CHO.0(K/min¥3... ARGON/S0/ARGON/30/<nog.. DSC:020, TG...
[2] STA 408P... SFW! 15-1 ACID B.ngb-dsv 2016-03... SFWBB-15-1 AC... SFWBE-15-1 AC... 14.. 1.. 30°C/10.0(K/min)3... ARGON/S0/ARGON/20/<nog... DSC:020, TG...
[3] STA409P.. SFWB8-15-1 ACID C.ngb-dsv 2016-03.. SFWB8-15-1 AC... SFWB8-15-1 AC... 20... 1.. 30°C/10.0(K/min)3.. ARGON/S0/ARGON/30/<nog.. DSC:020, TG
[4] STA409P... average_SFWBBE-15-1 ACID C71_SFWBE-15-1 ACID A71... 2016-04... SFWBE-15-1 AC.. SFWBE-15-1AC... 20... 1. 30°C/10.0(K/miny3.. ARGONIS0/ARGON/30/<nog.. -—
|[5]STA409P... average SFWB8-15-1 ACID A41_SFWBS-15-1 ACID B41... 2016-04... SFWB8-15-1 AC... SFWB8-15-1 AC... 20.. 1.. 30°CAO.0(K/mInY3... ARGONIS0/ ARGON/30/<nog... -

Created with NETZSCH Proteus software

Mass change also follows a predictable pattern. Total mass loss is typically between 50 and 60 wt.

% and occurs in two distinct episodes. For the raw surrogates, average mass loss during

dehydration / foaming varies from 31 to 38 wt. %, and ceases between 150 and 200 °C. Steady state

mass loss via decarbonation (with lesser amounts of dehydration and denitrification) occurs from
~200 °C to the end of the run at 350 °C.

14



We were able to infer the temperature at which the foaming occurred using the results of the first
of two failed runs; SFWB8-15-4A. The mass change curve for this sample suddenly plummeted just
before the termination of the steep exothermic part of the DSC curve, at ~140 °C. Amazingly the
mass returned to normal at ~170 °C. We surmised that the swelling surrogate had touched the
furnace wall, thereby disrupting the balance measurement. As the sample dried, it shrank and lost
contact with the furnace wall, thereby restoring the balance measurement. The slightly adhesive
nature of the foam may have enabled the capsule lid to remain on top of the swelling mass.

Varying amounts of lead nitrate in the unspiked RNS surrogates has little apparent effect on
thermal behavior. Both the onset and cessation of foaming occur at similar temperatures and the
mass losses during dehydration / foaming are also similar. Each of the raw surrogate samples
displays a small exothermic peak or “shoulder” prior to the onset of foaming between 108 °C and
116 °C. In the 1% and 2% Pb nitrate surrogates (Figures 1-2), the onset of the small exotherm or
“shoulder” occurs between 81°C and 97 °C. In the 4% Pb nitrate surrogate (Figure 3), there are no
peaks in this region, though the enthalpy curve undergoes a noticeable slope change beginning
between 69-75 °C.

Figure 6: DSC results for SFWB8-15-2 plus 10M HNOs + 0.3M HF. Heavy black lines represent averaged data from
the three 100 pL runs. Results from the 200 pL run are shown by the magenta line.

DSC /(uV/mg)
o
TG /% Temp. /°C
4 SFWB8-15-2 + Acid Mixture 141.2°C, 0.5717 pVimg (avg) texot15
147.6 °C, 0.68924 uV/mg "
100 H- > F 350
T . i ’_/"
90 1 == | 5 300
,// neat o,
50 1 o2 11140 s 100
28.59 Vsimg " Onset: 1114° -~ r
R Onset: 108.5°C
o A
40 /x' Onset: 119.0 °C
§ iz
] w’,/" _— r 50
d ssssseszavd
L T T T T T T T
Time /min
Main 2016-04-28 11:24 User: 113674 SFWBB-15-2 ACID ABC.ngb-taa
[#] Instrument  File Date Identity Sample Ma... S.. Range Atmosphere Corr.
[1] STA 409P... | SFWB8-15-1 ACID A.ngb-dsv 2016-0... |SFWB8-15-1ACl... |SFWBS8-15-1 ACl... |26.63 1.. 30°C/10.0(K/min)/3... ARGON/50 / ARGON/30/ <no... | DSC:020, T.
[2] STA 409P... | SFWB8-15-1 ACID B.ngb-dsv 2016-0... |SFWB8-15-1 ACI... |SFWBS-15-1 ACL... |14.18 |1..|30°C/10.0(K/min)/3... ARGON/50 / ARGON/30/ <no... | DSC:020, T
[3] STA 409P... | SFWB8-15-1 ACID C.ngb-dsv 2016-0... |SFWB8-15-1ACI... |SFWBS8-15-1 ACL... |20.39 |1..|30°C/10.0(K/min)/3... ARGON/50 / ARGON/30/ <no... | DSC:020, T.
[4] STA 409P_..  average_SFWBB8-15-1 ACID C71_SFWB8-15-1 ACIDA.. 2016-0.. SFWB8-15-1ACI... SFWB8-15-1 ACl... 20.40 1. 30°C/10.0(K/min)/3.. ARGON/50 / ARGON/30/ <no... -
[5] STA 409P...  average_SFWBB8-15-1 ACID A41_SFWBS8-15-1 ACID B4... 2016-0... SFWB8-15-1ACl... SFWB8-15-1 ACl... 20.40 1. 30°C/10.0(K/min)/3.. ARGON/50 / ARGON/30/ <no... -
[6] STA 409P... | SFWB8-15-2 200ul acid.ngb-dsv 2016-0... |SFWB8-15-2 200u... | SFWB8-15-2 200u... | 22.... |1..|30°C/10.0(K/min)/3... ARGON/50 / ARGON/30/ <no... |DSC:020, T

Created with NETZSCH Proteus software
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5.1.1 Offgas Data

Offgas from the as-received RNS surrogates shows little variation with changing Pb content. The
emission of H»0, starting immediately after the initiation of the analysis, dominates all other gas
emissions, in terms of total ion current, by roughly two orders of magnitude. Maximum H;0 occurs
between 114.4 °C and 135.4 °C, and shows no relationship to surrogate chemistry. Similarly, slight
variations in the run-to-run maxima of NOy (123.1-141.2 °C) and CO; (125.4-153.5 °C) also have no
discernable relationship to Pb content.

Removal of the water peaks from the offgas spectra reveals the relationships between NOx and CO2
emissions and thermally-driven reactions (Figure 4). NO, emission precedes CO2 by ~10-20 °C in
every case, and seems to coincide with either the change in slope or the onset of small exotherm
between ~69 and 97 °C. Both NOy and CO; ion signals rise abruptly during, or slightly before, the
onset of foaming and reach peak concentrations in the offgas before foaming ceases.

Figure 7: DSC results for SFWB8-15-4 plus 10M HNOs + 0.3M HF. Heavy black lines represent averaged data from
the three 100 pL runs. Results from the run with 200 pL Fe3+ nitrate solution are shown by the magenta line.
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Main 2016-04-28 11:40 User: 113674 SFWBB-15-4 ACID ABC.ngb-taa
[#] Instrument  File Date Identity Sample Ma... S.. Range Atmosphere Corr.
[1] STA 409PC... SFWB8-15-ACID A 031716.ngb-dsv 2016-03... SFWB8-15-ACID A 03 SFWB8-15-ACID A 03 17.2.../1... 30°C/10.0(K/min)/35... ARGON/50/ARGON/30/<noga.. DSC:020, TG
[2] STA 409PC... | SFWB8-15-ACID B 031816.ngb-dsv 2016-03... |SFWB8-15-ACID B 03 SFWB8-15-ACID B 03 16.3...1... 30°C/10.0(K/min)/35... ARGON/50/ ARGON/30 / <no ga... DSC:020, TG
[3]1 STA 409PC... | SFWB8-15-ACID C 031816.ngb-dsv 2016-03... | SFWB8-15-ACID C 03. SFWB8-15-ACID C 03 19.33 |1.../30°C/10.0(K/min)/35... ARGON/50/ ARGON/30 / <no ga...  DSC:020, TG
[4] STA 409PC... averageTGA_SFWBB8-15-ACID ABC.ng... 2016-04... SFWB8-15-ACID C 03 SFWB8-15-ACID C 03 17.64 1. 30°C/10.0(K/min)/35... ARGON/50/ ARGON/30/<noga.. --
[5] STA 409PC... averageDSC_SFWBS-15-ACID ABC.ng... 2016-04.. SFWB8-15-ACID A 03 SFWB8-15-ACID A 03 17.6... 1.. 30°C/10.0(K/min)/35... ARGON/50/ARGON/30/<noga... --
[6] STA 409PC... | SFWB8-15-4 200ul FeNO.ngb-dsv 2016-04... |SFWBS8-15-4 200ul Fe. SFWB8-15-4 200ul Fe 6.7.../1....30°C/10.0(K/min)/35... /ARGON/50 / ARGON/30 / <no ga... | DSC:020, TG

Created with NETZSCH Proteus software

5.2 Surrogates plus 100-250 uL of 10M HNO3 + 0.3M HF

Small volumes of reagent-grade acid (10M HNO3 + 0.3M HF) were added to a second, separate, set
of the SFWB8-15-1, -2, and -4 surrogates in order to examine the differences in reactivity that could
result from the addition of the acid matrix used to dissolve the Pu-Am spike. Acid was added
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directly to the surrogate using a dropper or pipette and mixed by hand, as described in Section 4.0,
of this report.

The DSC and TGA curves of the acid-spiked surrogates (Figures 5-7) are nearly identical to those of
the raw surrogates with no acid added. Mass losses and onset temperatures are similar and show
no consistent departures from the trends seen during the thermal analysis of the unspiked RNS
surrogates. The dehydration reaction onset is between ~38-42 °C and may be followed by either a
change in slope (onset T = 65.6-86.5 °C), or a small exotherm (onset T = 85.5-116.5 °C). In most
cases, the small exotherm occurs before the onset of foaming. The slope of the foaming reaction is
noticeably steeper in the acid-spiked samples than in the surrogates with no additives. In two runs
(SFWB8-15-4 ACID C and SFWB8-15-2 ACID B) a small exotherm occurs immediately after the
onset of foaming. In SFWB8-15-2 ACID B, the exotherm is sharp, distinct, and its peak is
approximately coeval with a transient maximum in H,0 vapor emission at 111.7 °C. Foaming in the
acid-spiked RNS surrogates onsets between ~108 and 124 °C and is complete between ~138 and
148 °C (Figures 5-7). As with the unspiked RNS surrogates, the acid-spiked samples maintain flat
DSC profiles (indicative of quasi-equilibrium) above ~150 °C, though several samples exhibit a
broad exotherm between 200 °C and 300 °C. Gas data from this region indicate that these shallow
high-temperature exotherms are related to, and dominated by, CO, emission (though NOy and some
H,0 may also be emitted). It is likely that these features are indicative of partial combustion of the
extruded sample closest to the furnace.

Figure 8: STA-MS data from SFWB8-15-2 with 100 pL of the acid mixture added. Water peaks removed.

lon Current *10-8 /A
TG /% DSC /(mW/mg) Temp. °C
SFWB8-15-2 + 100 uL 10M HNO3 / 0.3M HF A2 1e 1.0
g 142.9°C, 0.6792 mW/mg Xﬂ . F8.0
100 — —— - 350
90 ] Onset 385°C 300
] Onset: 86.5°C 30 [ 150
T T T T T T T
Time /min
Main  2016-04-26 17:16 User: 113674 SFWB8-15-2 ACID A2 nowater ngb-taa
[#] Instrument File Date Identity Sample Mass/... Seg.. Range Atmosphere Corr.
[1]1 STA 409PC/PG SFWB8-15-2 ACID A2.ngb-dsv 2016-03-24 SFWB8-15-2 ACID A2 SFWB8-15-2ACID A2 18292 111 30°C/10.0(K/min)/350°C ARGON/50 / ARGON/30 / <no gas>/--- DSC:020, TG:020
[2] QMS 403 sfwb8-15-2 acid a2_m2.00.imp | 2016-03-24 sfwb8-15-2 acid a2 Mass 2.00 ”n 37°CM1 . A(K/min)/1°C
[3]1 QMS 403 sfwb8-15-2 acid a2_m11.98.imp 2016-03-24 sfwb8-15-2 acid a2 Mass 11.98 mn 37°C/1 A(K/min)/1°C
[4] QMS 403 sfwb8-15-2 acid a2_m15.97.imp | 2016-03-24 | sfwb8-15-2 acid a2 Mass 15.97 171 37°C/1 1(K/min)/1°C
[5] QMS 403 sfwb8-15-2 acid a2_m16.97.imp | 2016-03-24 sfwb8-15-2 acid a2 Mass 16.97 mn 37°C/1 A(K/min)/1°C
[6] QMS 403 sfwb8-15-2 acid a2_m17.97.imp | 2016-03-24 | sfwb8-15-2 acid a2 Mass 17.97 171 37°C/1 1(K/min)/1°C
[7]1QMS 403 sfwb8-15-2 acid a2_m30.03.imp 2016-03-24 sfwb8-15-2 acid a2 Mass 30.03 mn 37°C/1 A(K/min)/1°C
[8] QMS 403 sfwb8-15-2 acid a2_m35.94.imp 2016-03-24 sfwb8-15-2 acid a2 Mass 3594 mn 37°C/1 A(K/min)/1°C
[10]QMS 403 sfwb8-15-2 acid a2_m45.91.imp | 2016-03-24 | sfwb8-15-2 acid a2 Mass 4591 11 37°CM A(K/min)/1°C
[11]1QMS 403 sfwb8-15-2 acid a2_m47.91.imp | 2016-03-24 | sfwb8-15-2 acid a2 Mass 47.91 17 37°C/1.1(K/min)/1°C

Created with NETZSCH Proteus software
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Mass change also follows a pattern similar to that seen for the unspiked RNS surrogate. Average
total mass loss varies from ~58 to ~63 wt. % and occurs in two distinct episodes: ~34 to 39 wt. %
is lost below ~160 °C, and ~24% is lost during the 'steady state' phase above ~160 °C. Average
mass losses are slightly greater for the acid-spiked samples due to the additional dehydration spike
itself. Slight variations in the slope of the mass change curve above 160 °C correspond to exotherms
related to combustion and decarbonation.

The thermal behavior and reactivity of the acid-spiked samples is broadly similar to that of the
unspiked surrogates. However, prior to the onset of foaming, we noted subtle differences in the
behavior of the acid-spiked surrogates. Relative to the other RNS surrogates, SFWB8-15-4 (Figure
7) appears to be relatively unreactive prior to the onset of foaming. Results from a single sample of
SFWB8-15-4 to which 200 uL of a Fe3* nitrate solution was added (Figure 7) also showed little
change relative to the other acid-spiked runs. Samples of SFWB8-15-2 spiked with 100 uL of the
acid mixture showed relatively little reactivity between the onset of dehydration and the onset of
foaming (Figure 6). When spiked with 200 uL of acid, SFWB8-15-2 showed slightly greater
reactivity in the same region (Figure 6). Mass loss below ~160 °C was also slightly greater, and the
onset and cessation of foaming were pushed out to slightly higher temperatures.

Figure 9: STA-MS results from SFWB8-15-2 with 200 pL of acid added. Note the multiple NO, peaks and the sharp rise of NO,
roughly coeval with the onset of the small exotherm at 99.6°C.
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Main 2016-04-26 17:14 User: 113674 SFWBB8-15-2 200ul acid no water ngb-taa
[#] Instrument File Date Identity Sample Mas... S.. Range Atmosphere Corr.
[1]1 STA 409PC/PG SFWB8-15-2 200ul acid.ngb-dsv ~ 2016-04-12 SFWBB8-15-2 200ul acid SFWB8-15-2 200ul acid 22.848 1/1 30°C/10.0(K/min)/350°C ARGON/50 / ARGON/30 / <no gas>/--- DSC:020, TG:020
[2] QMS 403 sfwb8-15-2 200ul acid_m2.00.imp |2016-04-12 sfwb8-15-2 200ul acid Mass 2.00 1/1 |38°C/1 .2(K/min)/1°C
[3]1 QMS 403 sfwb8-15-2 200ul acid_m11.98.imp 2016-04-12 sfwb8-15-2 200ul acid Mass 11.98 1/1 138°C/1 .2(K/min)/1°C
[4] QMS 403 sfwb8-15-2 200ul acid_m15.97.imp | 2016-04-12 | sfwb8-15-2 200ul acid |Mass 15.97 1/1 | 38°C/1.2(K/min)/1°C
[5] QMS 403 sfwb8-15-2 200ul acid_m16.97.imp | 2016-04-12  sfwb8-15-2 200ul acid Mass 16.97 1/1 138°C/1.2(K/min)/1°C
[6] QMS 403 sfwb8-15-2 200ul acid_m17.97.imp | 2016-04-12 | sfwb8-15-2 200ul acid |Mass 17.97 1/1 | 38°C/1.2(K/min)/1°C
[7]1QMS 403 sfwb8-15-2 200ul acid_m30.03.imp 2016-04-12 sfwb8-15-2 200ul acid Mass 30.03 1/1 138°C/1.2(K/min)/1°C
[8] QMS 403 sfwb8-15-2 200ul acid_m35.94.imp 2016-04-12 sfwb8-15-2200ul acid Mass 35.94 1/1 38°C/1.2(K/min)/1°C
[10)QMS 403 sfwb8-15-2 200ul acid_md45.91.imp | 2016-04-12 | sfwb8-15-2 200ul acid |Mass 45.91 1/1 |38°C/1.2(K/imin)/1°C
[11]1QMS 403 sfwb8-15-2 200ul acid_m47.91.imp | 2016-04-12 | sfwb8-15-2 200ul acid |Mass 47.91 1/1 |38°C/1.2(K/imin)/1°C
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5.2.1 Offgas Data

The emission of H,0 dominates those of all other gas species, in terms of total ion current, by
roughly two orders of magnitude. Maximum H»0 occurs over a similar temperature range (105.9 -
132.5 °C) as in the samples that were not spiked with acid. The same is true for the overall maxima
of NO4 (117.5-138.8 °C) and CO; (126.0 - 139.2 °C) emissions. However, we observed smaller,
auxiliary peaks in NOy emission at somewhat lower temperatures (109.0 - 119.4 °C) in four of the
eleven acid-spiked runs (Figures 8-9).

Removal of the water peaks from the offgas spectra reveals the relationships between NO, and CO;
emissions and thermally-driven reactions. The general patterns of NOx and CO; offgas are similar to
those observed in the RNS surrogates without the acid spike added. The NO, emission precedes CO-
by ~10 °C in every case, and seems to coincide with either the change in slope (onset T = 65.6-86.5
°C), or the onset of small exotherm or a small exotherm (onset T = 85.5-116.5 °C) prior to the onset
of foaming. In this region, qualitatively, the rise of the NOx signal appears to be somewhat sharper
in the acid-spiked surrogates compared to the surrogates run without any additions. Both NOx and
CO; ion signals rise abruptly during, or slightly before, the onset of foaming and reach peak
concentrations in the offgas before foaming ceases.

Figure 10: DSC-TGA plot from SFWB-8-15-1 plus 200 pL of the Pu-Am spike. Heavy black lines represent the
average of the three 200 pL runs. The violet line is from a single run using 300 pL of the spike.
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Main 2016-04-28 1552 User: 113674 SFWES-15-1 PuAm allngb-taa
[#] Instrument  File Date Identity Sample Mas... S.. Range Atmosphere Cormr.
[1] STA 409PC/... SFWB8-15-1 PuAm 1.ngb-dsv 2016-04... SFWB8-15-1 PuAm1 SFWB8-15-1 PuAm 1 22.3.. 1.. 30°C/10.0(K/min)/35.. ARGON/50 / ARGON/30 /<no gas... DSC:020, TG
[2] STA 409PC/... | SFWB8-15-1 PuAm 2.ngb-dsv 2016-04... | SFWB8-15-1 PuAm2 |SFWBS-15-1 PuAm2 19.9... 1../30°C/10.0(K/min)/35.. ARGON/50 / ARGON/30 / <no gas... DSC:020, TG
[3] STA 409PC/... SFWB8-15-1 PuAm 3.ngb-dsv 2016-04... SFWB8-15-1 PUAmM3  SFWBS-15-1 PuAm3  17.3... 1... 30°C/10.0(K/min)/35.. ARGON/50 / ARGON/30 / <no gas... DSC:020, TG
[4] STA 409PC/... SFWB8-15-1 PuAm 400 uL.ngb-dsv 2016-04... | SFWB8-15-1 400 Pu... SFWB8-15-1 400 Pu... 20.23 1. 30°C/10.0(K/min)/35.. ARGON/50 / ARGON/30 / <no gas... DSC:020, TG
[5] STA 409PC/... averageTGA_SFWB8-15-1 PUAM ABC.ngb... 2016-04... SFWB8-15-1 PuAm3 SFWBS8-15-1 PuAm3  19.8.. 1. 30°C/10.0(K/min)/35... ARGON/50/ARGON/30 / <no gas... —
[6] STA 409PC/... averageDSC_SFWB8-15-1 PUAMABC.ngb... 2016-04.. SFWB8-15-1 PuAm1 SFWBS-15-1 PuAm 1 19.8.. 1. 30°C/10.0(K/min)/35... ARGON/50/ARGON/30 / <no gas...
Created with NETZSCH Profeus software
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5.3 Surrogates plus 200 pL of Pu-Am spike (‘SNM-spiked’ samples)

The SNM-spiked surrogates were prepared in an identical manner to the acid-spiked samples.
Details on the spike and sample preparation can be found in Section 4.0 of this report. Post-run, the
SNM-spiked samples contained faint, but noticeable, dark horizons; presumably Pu and Am oxides
formed during the TGA-DSC run. After the 200 uL trials were complete, a single TGA-DSC
experiment was conducted on a surrogate spiked with 300 uL of the Pu-Am solution.

The general configuration of both the DSC and mass change curves for the SNM-spiked samples
(Figures 10-12) was very similar to that observed in both the unspiked and acid-spiked surrogates
that contained no SNM: endothermic dehydration followed by exothermic foaming (onset T =111.2
-119.9 °C) which terminates between 136.8 and 142.5 °C, followed by a near steady-state + a
minor combustion reaction which emit mostly CO,. As with the acid-spike samples, the slope of the
foaming curve is steeper than in the surrogates with no additives. Between ~80 and 120 °C, and
before the onset of foaming, the DSC curves of all runs of all three SNM-spiked surrogates
consistently showed slope changes and small, but significant, exothermic excursions. Most runs
showed multiple small exotherms in this region - typically two - the first onsetting between 82 and
102 °C and the second between 104 and 108 °C. The magnitude of these exothermic reactions is
relatively small, between ~6 and 43 ]J/g, and quite variable between runs. Most of these exotherms
have sharp, jagged profiles with multiple small peaks.

Figure 11: DSC-TGA plot from SFWB-8-15-2 plus 200 pL of the Pu-Am spike. Heavy black lines represent the
average of the three 200 pL runs.
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Main 2016-04-28 16:11 User: 113674 SFWB8-15-2 PuAm all.ngb-taa
[#] Instrument  File Date Identity Sample Ma... S.. Range Atmosphere Corr.
[1]1STA 409P_.. |SFWB8-15-2 PuAm 2.ngb-dsv 2016-0... |SFWB8-15-2 Pu... |[SFWB8-15-2 Pu... [22.... [1../30°C/10.0(K/min)... |[ARGON/50 / ARGON/30/ <no... |DSC:020, T
[2] STA 409P... |SFWBS-15-2 PuAm 3.ngb-dsv 2016-0... |SFWB8-15-2 Pu.. |SFWB8-15-2 Pu.. | 10.... 1..|30°C/10.0(K/min)... ARGON/50 /ARGON/30/<no... |DSC:020, T
[3] STA 409P... | SFWB8-15-2 PUAM1.ngb-dsv 2016-0.. SFWB8-15-2P.. SFWB8-152P.. 12.48 1. 30°C/10.0(K/min)... /ARGON/50 /ARGON/30/<no... DSC:020, T
[4]STA 409P... averageTGA_SFWB8-15-2 PuAm all.ngb-msv 2016-0.. SFWB8-15-2 Pu.. SFWB8-152Pu.. 15... 1. 30°C/10.0(K/min)... ARGON/50 /ARGON/30/<no... --
[5] STA 409P... average DSC_SFWB8-15-2 PuAm 271_SFWB8-15-2 PuAm... 2016-0... SFWBS8-15-2 Pu.. SFWB8-15-2 Pu.. 15... 1. 30°C/10.0(K/min).. ARGON/50 / ARGON/30/ <no.
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Though some of the unspiked and acid-spiked surrogates showed similar activity in the same
temperature region, every single one of the SNM-spiked samples showed some exothermic
reactivity superimposed on the dehydration endotherm between ~80 and 120 °C. One surrogate
formulation, SFWB8-15-1 consistently showed the most reactivity in this region. Though we were
only able to qualitatively estimate the heat flow generated by these reactions, the integrated peak
areas of the exotherms in this formulation are were consistently greater than the others (Figure
10). Exotherms generated by reactions in the formulations with higher Pb contents were variable in
both their peak height and integrated peak areas (Figures 11-12).

A single sample from SFWB8-15-1 was spiked with 300 mL of the Pu-Am solution (8.31 mg Pu and
4.68 mg Am added to ~1.0 g of surrogate). The STA results from this sample (Figure 10) were
broadly similar to the 200 mL runs though both the foaming onset (125.9 °C) and cessation

(147.7 °C) occurred at slightly higher temperatures. No significant increase in reactivity in the
thermal region between ~80 and 120 °C was observed in the run spiked to higher SNM contents.

Figure 12: DSC-TGA plot from SFWB-8-15-4 plus 200 pL of the Pu-Am spike. Heavy black lines represent the average of the
three 200 uL runs.
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Main 2016-04-28 16:19 User: 113674 SFWB8-15-4 PuAm all.ngb-taa
[#] Instrument File Date Identity Sample Mas... S... Range Atmosphere Corr.
[1] STA 409PC, SFWB8-15-4 PuAm 3.ngb-dsv 2016-04-... | SFWB8-15-4 PuA SFWB8-15-4 PuA 17.8... | 1/1/30°C/10.0(K/min)/350... ARGON/50 / ARGON/30/ <no gas>... | DSC:020, TG:0.
[2] STA 409PC; SFWB8-15-4 PUAM1.ngb-dsv 2016-03-... SFWB8S-15-4 PUA SFWB8-15-4 PUA 20.30 |1/1/30°C/10.0(K/min)/350... /ARGON/50 / ARGON/30 / <no gas>... DSC:020, TG:0
[3] STA 409PC/ SFWB8-15-4 PUAM2.ngb-dsv 2016-04-... SFWB8-15-4 PuA SFWB8-15-4 PuA. 10.2... 1/1 30°C/10.0(K/min)/350... ARGON/50 /ARGON/30/<no gas>... DSC:020, TG:0.
[4] STA 409PC!. averageDSC_SFWB8-15-4 PUAM.ngb- 2016-04-.. SFWB8S-15-4 PUA SFWB8-15-4 PUA 16.13 1/1 30°C/10.0(K/min)/350... ARGON/50 /ARGON/30/<no gas>... -
[5] STA 409PC/. averageT GA_SFWB8-15-4 PUAM .ngb-. 2016-04-... SFWB8-15-4 PUA SFWB8-15-4 PUA 16.13  1/1 30°C/10.0(K/min)/350... ARGON/50 /ARGON/30/<no gas>... --

Created with NETZSCH Proteus software

5.3.1 Offgas Data

Similar to the unspiked and acid-spiked surrogates, the H,0 maximum for the Pu-Am spiked
surrogate samples occurred between 111.4 and 129.6 °C (Figure 13). Absolute maxima for both CO-
and NOy emissions occur in the same temperature ranges for the SNM-spiked samples as they do for
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the non-SNM samples. Multiple NO peaks below the onset of foaming are very common in the SNM-
spiked samples, however.

With the water peak removed, significant trends in NOx and CO; emission become more apparent
(Figure 14). The behavior of NO, between ~70 and 115 °C in the Pu-Am spiked samples is markedly
different from that seen in the unspiked and acid-spiked surrogate samples. The emission of NOx
emission starts between 65 and 75 °C, as in the other surrogates. The rise in the NOx concentration
of the offgas appears to correspond either to the onset of a slope change in the DSC curve, or to the
onset of an exotherm, as in the acid-spiked surrogate samples. The Pu-Am spiked samples are
distinguished by multiple, near-vertical, NOx maxima which correspond to sharp increases in the
equally irregular DSC curve (Figure 14) prior to the onset of foaming. The magnitude of the NOy ion
signal may, or may not, correlate to the magnitude of the corresponding offsets in the DSC curve.

Figure 13: DSC and offgas data from SFWB8-15-1 A, showing typical trends in mass loss, enthalpy, and gas emission.
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Main  2016-04-26 09:43  User: 113674 SFWB8-15-1 PuAm 1.ngb-taa
[#] Instrument File Date Identity Sample Mass/... Segm... Range Atmosphere Corr.
[1]1 STA 409PC/PG SFWB8-15-1 PuAm 1.ngb-dsv  2016-04-07 SFWB8-15-1 PuAm 1 SFWB8-15-1 PuAm1 22364  1/1 30°C/10.0(K/min)/350°C ARGON/50 / ARGON/30 / <no gas>/--- DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 puam 1_m2.00.imp |2016-04-07 | sfwb8-15-1 puam 1 Mass 2.00 ”n 36°C/1.1(K/min)/1°C
[3] QMS 403 -1 puam 1_m11.98.imp 20 07 sfwb8-15-1 puam1  Mass 11.98 11 36°C/1 1 (K/min)/1°C
[4] QMS 403 -15-1 puam 1_m15.97.imp | 2016-04-07 | sfwb8-15-1 puam 1 | Mass 15.97 17 1 1(K/min)/1°C
[5] QMS 403 -15-1 puam 1_m16.97.imp | 2016-04-07 | sfwb8-15-1 puam 1 Mass 16.97 17 /1.1(K/min)/1°C
[6] QMS 403 sfwb8-15-1 puam 1_m17.97.imp | 2016-04-07 | sfwb8-15-1 puam 1 Mass 17.97 11 36°C/1.1(K/min)/1°C
[7]1QMS 403 sfwb8-15-1 puam 1_m30.03.imp  2016-04-07 sfwb8-15-1 puam 1 Mass 30.03 171 36°C/1.1(K/min)/1°C
[8] QMS 403 sfwb8-15-1 puam 1_m35.94.imp 2016-04-07 sfwb8-15-1 puam 1 Mass 35.94 17 36°C/1.1(K/min)/1°C
[10)QMS 403 sfwb8-15-1 puam 1_m45.91.imp |2016-04-07 | sfwb8-15-1 puam 1 Mass 45.91 7" 1.1(K/min)/1°C
[11]1QMS 403 sfwb8-15-1 puam 1_m47.91.imp |2016-04-07 | sfwb8-15-1 puam 1 Mass 47.91 1”n 36°C/1.1(K/min)/1°C
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5.4 Thermal Behavior of the Dried Pu-Am spike

We also analyzed the dried residue left after evaporating 200 uL of the spike in a Pt-Rh differential
scanning calorimetry (DSC) pan. Phase identification was not performed, though it is likely that the
dried residue consisted of a mixture of Pu and Am nitrate hydrates and anhydrous fluorides. After
heating to 350 °C, a small amount of black, powdery residue remained, likely Pu and Am oxides.
Results of the STA-MS analysis (Figure 15) show a complex succession of multiple mass losses,
endotherms and the corresponding H,0 and NOx gas emission peaks. The DSC curve is dominated
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by a large dehydration endotherm which onsets at ~40 °C. A pronounced slope change onsets at
64.0 °C and corresponds to the initiation of NOx emission, which reaches a plateau at ~80°C
(122.2 °C max.). This is the first of five distinct NOy maxima. Higher temperature endotherms
onsetting at 231.6 °C and 284.3 °C correspond to distinct NOx gas emission peaks at 242.2 °C and
292.8 °C. Though most of the mass loss occurs during dehydration (-10.60 wt. %), 3 (possibly 4)
discrete de-nitrification events are marked by mass losses between -3.41 and -10.54 wt. %.

The most interesting aspect of the thermal behavior of the dried spike is its low temperature
release of NO,. Like ferric nitrate hydrate, Pu and Am nitrate hydrates would likely dehydrate, de-
nitrify and react to form oxides when heated. Though the bulk of the NOy is released at much higher
temperatures, the dried Pu-Am spike begins to release NOx at about 60 °C, which is ~40-50 °C lower
than the lowest-temperature NOy release from Fe(N03)3-9H,0 (e.g., Wayne, 2015).

Little to no thermal analysis data on Pu or Am nitrate compounds exists in the literature. Bryan
(1976) performed TGA analyses on three related Pu nitrate compounds: Pu(NO3)4:5H>0,
K2Pu(NO3)e, and (NH4)2Pu(NO3)e. Of these three compounds, the nitrate hydrate (Pu(NO3)4+-5H>0)
displayed mass loss beginning at the lowest temperature, approximately 100 °C, while reacting to
an intermediate compound; possibly PuO2(NO3),. Drummond and Welch (1958) report mass loss
from Pu(NO3)4-5H;0 starting at ~40 °C followed by “visible decomposition” at ~60 °C and
dissolution in its own water of crystallization by 95-100 °C. No data on the thermal stability of Am
nitrates could be found in the open literature. Some data on the thermal stability of the homologous
compound to Am(NO3)3-6H;0, Eu(NO3)3-6H:0 exist (e.g., Wendlandt and Bear, 1960) which suggest
that mass loss via dehydration in the Eu compound begins at ~100 °C though none of these studies,
including those for Pu nitrate hydrates, have data on the coexisting offgas composition.

6.0 Discussion

The thermal behavior of all RNS surrogate samples—unspiked, acid-spiked and SNM-spiked—is
dominated by three basic phenomena: 1) an endothermic dehydration reaction which onsets
between ~38 and 50 °C, 2) an exothermic reaction which onsets between 108 and 123 °C related to
the rapid gas release, foaming and expansion of the sample, and 3) steady-state, and slightly
exothermic, combustion of the foamed sample above ~150-160 °C. Stage 1 is dominated by the
release of copious amounts of H,0 and mass losses between 35 and 45%. Stage 2 is marked by a
sudden increase in the NOy and CO; content of the offgas as H,0 begins to tail off. The sustained
release of small amounts of CO; and lesser amounts of NOx and H-0 is typical of Stage 3.

Varying amounts of Pb nitrate has no significant effect on these basic phenomena, nor does the
addition of a small amount of concentrated HNO3+HF, though some subtle trends emerge from the
few experiments conducted thus far. It appears that the RNS surrogates containing lower amounts
of Pb are more reactive, particularly in the ~70-115°C temperature range. The RNS surrogate
containing 1% and 2% Pb(NO3)2, both unspiked and spiked with 100 - 250 mL of 10M HNO3+0.3M
HF showed slight reactivity prior to the onset of foaming, whereas the surrogate containing 4%
Pb(NO3)2 showed no such tendencies. The slope of the foaming reaction is steeper in samples
spiked with acid, and with Pu-Am in acid.
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The addition of 200uL of Pu-Am spike (in the same 10M HNOsz+ 0.3M HF acid matrix) causes small
exothermic reactions in the surrogate. These onset between ~82 °C and ~108 °C, and precede the
onset of the foaming reaction. The exothermic peaks are related to near vertical spikes in the NOx
(and also the H20 and COz) content of the offgas. Each of the surrogate formulations appeared to
respond similarly when the Pu-Am spike was added and the mixture heated, though the reactivity
of the surrogate containing 1% Pb(NO3); appeared to be somewhat more vigorous.

Figure 14: DSC and gas emission data (minus H,0 and OH) from Pu-Am spiked SFWB8-15-2 B showing the relationship
between NO, emission and DSC exotherms.
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[11]1QMS 403 sfwb8-15-2 puam 2_m47.91.imp |2016-04-08 | sfwb8-15-2 puam 2 Mass 47.91 /1.0(K/min)/1°C

Created with NETZSCH Proteus software

At this point, the nature and significance of these low temperature exotherms in the SNM-spiked
samples is a matter of conjecture. It may be significant that the exotherms seen in the SNM-spiked
samples correspond to step-like increases in the NO and NO; content of the offgas. This suggests
that the presence of SNM ions in the surrogate hasten the breakdown of the nitrate matrix. The
precise answer, unfortunately, may require further experimentation.

An STA-MS experiment on 11.21 mg of the dried residue from 200 mL of the Pu-Am spike (Figure
15) indicated that NO, emission from actinide nitrate salts could start at temperatures well below
100 °C. Our data indicate that the evolution of NOy initiated at ~61 °C, and remained at a plateau
between ~80 °-150 °C. A previous experiment on a smaller quantity of the spike showed a transient
NOy maximum at ~92 °C. The availability of NOx species to react with the organic constituent of the
RNS surrogate at ~60 °C is significant in the context of nuclear waste remediation and storage.
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Figure 15: DSC-MS plot showing mass change, gas emission, and enthalpy transformations (inflections and peaks) in the dried

Pu-Am nitrate / fluoride spike.
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1.0 INTRODUCTION
1.1  Purpose

This document identifies scope and general procedural steps for performing Differential Scanning
Calorimetry and Mass Spectrometry (DSC-MS) on remediated nitrate salt (RNS) surrogates to assess the
impact of actinide addition on the thermal properties of these salts. This work supports the goals and
objectives of the “Test Plan for Submittal to the New Mexico Environment Department” (LA-UR-15-
27971), which has been developed to evaluate the efficacy of potential treatment options to remove the
hazardous waste characteristic DO01.

This Test Plan prescribes the requirements, responsibilities, and process for testing a range of chemical
surrogates intended to mimic the energetic response of the RNS waste created during processing of legacy
nitrate salts, with and without special nuclear material (SNM) content. A set of surrogates, developed and
fabricated by M-7, will be tested with and without added U and/or Pu content in order to assess the impact
of SNM components on thermal reactivity. This Test Plan will define the scope and technical approach
for activities that implement Quality Assurance requirements relevant to formulation and testing. This
Test Plan conforms to ASME NQA-1-2009A, Subpart 4.2, “Guidance on Graded Application of the
Nuclear Quality Assurance (NQA) Standard for Research and Development.”

1.2 Scope

This document covers the requirements for preparation of material and DSC-MS testing to gauge the
response of RNS waste surrogates using Swheat Scoop®© cat litter as an absorbent with and without added
SNM component(s). The proposed work shall evaluate the impact of trace and minor levels of special
nuclear materials (SNM) in the waste in order to determine whether surrogate thermal and reactive
properties are affected by the SNM components (e.g., do they act catalytically to lower onset temperatures
thereby increasing the reactivity or rate of oxidative reaction).

To begin to answer these questions, we are proposing a series of DSC-MS studies on waste surrogates (of
known composition) in the following combinations:

Phase 1: RNS surrogates

Phase 2: RNS surrogates + SNM

Phase 3: RNS surrogates + zeolite + SNM

Using surrogates fabricated as part of the overarching WIPP waste investigation, the Phase 1 analyses
would provide a baseline to compare the results of the Phase 2 and Phase 3 analyses. Phase 2 analyses
would be performed with the aim of determining how the presence of SNM (in the forms found in the
actual LANL wastes) would affect the thermal behavior of the resulting waste product. Different forms of
SNM (oxides, nitrates, residues) may be used, as well as different nitrate-to-organic ratios in the RNS
surrogates. The results of these analyses would serve to provide evidence for the need for further analysis
to be conducted exclusively on-site (due to SNM contamination concerns). If SNM content proves not to
be an important factor in waste form reactivity, LANL would potentially pursue an external contractor to
perform future experimental and analytical work.

Finally, zeolites have been proposed as a waste treatment approach by which the existing wastes could be
rendered less reactive, if not completely inert. These analyses would begin to address the amount and type
of zeolite best suited for inerting the existing RNS wastes. If SNM content proves to be a significant

PA-PLAN-01186, RO Page 5 of 20
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catalytic component during Phase 2, an additional round of experiments might be conducted during Phase
3 to determine the amount and type of zeolite required to inert RNS surrogates versus RNS + SNM
surrogates.

This pilot study would examine 4 to 6 samples during each phase of the study, concentrating on the most
reactive combinations of nitrate salts + organics in the LANL RNS waste forms. Similarly, at least 2
different forms of SNM (e.g., residues, salts, or oxides) in at least two different waste configurations (a
total of 6 to 8 samples) shall be examined during Phase 2 with the aim of establishing a technical basis for
including or excluding SNM content in future studies of RNS waste form stability. Finally, if needed, 4 to
6 samples of zeolite-treated RNS surrogate wastes (with or without actinides, depending on the outcome
of Phase 2) shall be analyzed in order to ascertain the amounts needed to prevent spontaneous reaction
and thermal runaway when mixed with the existing RNS wastes.

2.0 PRECAUTIONS AND LIMITATIONS

o Fabrication of the non-SNM surrogate materials is covered in a separate test plan. All work described
in this test plan is covered by documents that have had ES&H review for all hazards and processes.
The documents covering this work are:

1. PMT2-MPR-DOP-015, Thermal Analysis with Off-Gas Analysis by Quadrupole Mass
Spectrometry (U)

2. PA-PLAN-01016, ARIES Oxide Production Project Quality Implementation Plan
3. TAb55-DOP-016, TA-55 Material Transfer Procedure

4. NF-QA-004, Sample Receipt, Processing and Storage for the Bulk Actinide Nuclear Forensics
Laboratory

5. Process Monitoring Flow Diagram for Process/Status EOC, TA55-PMFD-01050 Experimental
Oxide Characterization (EOC) MBA 712

6. TA55-DOP-026, Operating Electronic Balances
7. PA-CSP-01068, Material Characterization (and CSEDs referenced therein)

e Test Plan Changes: Changes to this Test Plan that redefine work scope or processes shall be
documented in an approved revision. Release of the revision will require new signatures on the
coversheet. Administrative changes or changes to the experimental details that do not affect the
purpose or scope of the plan shall be documented in a scientific notebook per Conduct of Research
and Development (SD601 Revision 2)

3.0 PREREQUISITES

3.1 Prerequisite Actions

e The author shall have the completed Test Plan reviewed for adequacy, accuracy, completeness and
consistency.

o All reviewers will sign the front page of the test plan indicating their approval.

3.2 Training

Applicable training requirements are to be found in the DOPs and other documents listed in section 2,
plus any other training (e.g., Fissile Material Handler Qualification) required to perform work in TA55,
PF-4 laboratories.

PA-PLAN-01186, RO Page 6 of 20
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Qualification and Approval of specific workers for activities in the DOPs and other documents in Section
2 are achieved through the Worker Qualification and Authorization System (WQAS) in LANL’s UTrain
System. When a worker is approved for a given DOP in WQAS, the RLM has acknowledged that the
worker is qualified for the task.

The WQAS approvals are the only approvals needed for the activities described in this Test Plan.

4.0 PROCEDURE

This procedure describes the small scale (10-40 mg) testing and analysis of RNS surrogate and RNS
surrogate + SNM formulations using Differential Scanning Calorimetry and Mass Spectrometry of the
evolved gases (DSC-MS). The apparatus limits the test scale, though it is adequate for small-scale
assessment of the effects of radioactive constituents on the reactivity of RNS surrogate formulations in
response to heat. All activities described below are peer reviewed for technical accuracy and quality of
records. Peer Review of individual tasks within a DOP follows the guidelines of P101-8, Explosives
Safety. Analytical Data Sheets, Analytical Reports and other technical Memoranda are archived in
PDMLink. For this activity, archived documents will include copies of lab notebooks, as applicable.

The RNS surrogate mixtures to be evaluated by this procedure will be fabricated by M-7 personnel, under
test plan PLAN-TA9-2443, “Remediated Nitrate Salt (RNS) Surrogate Formulation and Testing Standard
Procedure.” The surrogates shall be transferred to TA-55, PF-4 using chain of custody procedures
detailed in NF-QA-004 “Sample Receipt, Processing and Storage for the Bulk Actinide Nuclear Forensics
Laboratory.”

Storage and monitoring of all samples received from M-7 shall follow the guidelines presented in PLAN-
TA9-2443. Samples will be labeled with their designated name, the date and time of preparation, and all
appropriate hazard labels. Samples will be stored with caps secure in a normal laboratory environment.
Testing will begin no earlier than 24 hours after the formulation and no later than 4 days after
formulation. IF all testing cannot be started within the 30-day window, the formulation will be remade
and all tests will be performed again.

The objective of DSC-MS testing and analysis is to evaluate the possible effects, catalytic or otherwise, of
SNM constituents on the RNS surrogate formulations during heating. In order to approach “real world”
conditions, each sample will be split and SNM shall be added to one of the subsamples. The SNM to be
added will be in the form of liquid with combinations of plutonium, americium, and uranium in amounts
approved by the SME. These dilute nitrate solutions containing Am, Pu, and/or U will be prepared and
characterized by C-AAC. DSC-MS analyses will then be carried out on the corresponding SNM and non-
SNM fractions in order to evaluate the potential effects of SNM content on surrogate reactivity. Two
different surrogate formulations will be examined: one lower in nitrate salt content and another one lower
in organic content. All steps involving sample preparation and manipulation shall be recorded in the
official laboratory notebook and archived in PDML.ink.

4.1 Addition of Radioactive Components

4.1.1 Surrogates prepared by M-7 will be received in PF-4 by C-AAC and transferred to MET-1. C-AAC
shall also transfer a sufficient amount of well-characterized Pu/Am/U nitrate solution(s) to MET-1. The
volume of dilute Pu-Am-U nitrate solution need not be large and, because the SNM content of the waste
was relatively low, the SNM content of the RNS surrogate being tested shall be in a similar range.

4.1.2 A new container will be prepared and labeled for each sample.
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4.1.3 Samples will remain sealed until the beginning of the test, and will be unsealed, as needed, in a PF-
4 dry-air glovebox. The relative humidity measurement of the glovebox will be documented.

4.1.4 When opened, sample will first be divided into 2 equal sub-samples by weight.

4.1.5 A known amount of the Pu-Am nitrate solution shall be thoroughly mixed with the remaining sub-
sample. The mixture shall be stored in the new sample container.

4.1.6 One sub-sample shall have an equivalent amount of nitrate solution without the SNM added to it,
thoroughly mixed and returned to the original container and re-sealed.

4.1.7 The final Pu and Am concentrations in the sub-sample shall be calculated and documented in an
official laboratory notebook.

4.1.8 Testing of each sub-sample will consist of DSC-MS analysis of ~20-40 mg aliquots scooped from
the sample vial directly into the Pt-Rh sample pan.

4.2 DSC-MS Analysis

4.2.1 The DSC-MS procedure is documented in PMT2-MPR-DOP-015 “Thermal Analysis with Off-Gas
Analysis by Quadrupole Mass Spectrometry” (Attachment 1). A detailed data sheet/process traveler is an
integral part of this UET procedure, which also contains instructions for calibration and evaluation of
data. The data sheets also contain validation information for the calibrated M&TE used in the process.

4.2.2 All testing will be carried out in triplicate and the individual results will be reported in the
procedural data sheets, the laboratory notebook, and in a final report to be submitted by the PI. Analytical
Laboratory reports will also be documented in PDML.ink.

4.2.3 Instrument calibration constitutes a “User Performed Calibration” recognized by LANL’s Standards
and Calibration Lab. It utilizes 6 to 8 vendor-supplied high-purity SRMs and is fully described in PMT2-
MPR-DOP-015. The instrument is a Netzsch STA-409-PC Luxx Simultaneous Thermal Analysis system.
It is operated using vendor-supplied COTS software. The DSC instrument and software operation are
verified using a material (e.g., KNOs) having known transformation temperatures and enthalpy values,
which are compared against the measured values. The verification measurement verifies both the
temperature and enthalpy measurement capabilities of the instrument. For this work we will request that
the calibration be performed within one calendar year of running the RNS surrogates, and that the
instrument operation be checked daily. There are no other process aids or equipment that significantly
influences the temperatures and enthalpies measured by DSC. The model and serial number of the DSC
and balance used for the testing will be recorded in the laboratory report.

4.2.4 DSC measurement also requires a baseline analysis, which is used to remove thermal buoyancy
effects from the data set. Only one baseline needs to be run prior to the initiation of RNS surrogate DSC
analysis. The baseline file fixes all of the thermal parameters for the ensuing analytical runs and serves as
a template for subsequent runs. A new baseline will be run every time run parameters are changed.

4.2.5 Mass spectrometry of the gas evolved during thermal analysis is performed using a Pfeiffer
ThermoStar GSD301T3 Quadrupole Mass Spectrometer. The determination of absolute quantities of gas
species is not required for this analysis; hence the MS is being used only to identify the individual
evolved gas species. The only calibration that must be performed is a mass calibration, which ensures that
the gas peaks are correctly positioned in the mass scale. A mass calibration shall be performed before
testing starts and on a weekly basis thereafter. MS analysis is controlled, and MS data acquired, using
proprietary COTS software (“Measurement” suite) supplied by the vendor.

4.2.6 Samples (10-40 mg) shall be manually scooped from the sample container into the Netzsch Pt-Rh
alloy pans as needed, and a Pt-Rh lid shall be placed loosely on top of the pan. The pan is then manually
transferred to the DSC measurement head, where it occupies the front analytical slot (the back slot is
occupied by an empty reference pan). MS analysis and DSC software setup can be started at any time.
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4.2.7 After sample loading is complete, the sample chamber is closed and Ar flow is started. An exhaust
valve is opened after a slight positive pressure develops. When the gas flows and thermobalance
measurements have stabilized (10-20 minutes after initiation of gas flow), analysis can begin. Previous
analyses of WIPP-derived URS waste and residues have utilized a simple temperature profile consisting
of a 10 °C /minute ramp to 500 °C. Unless requested, the same temperature profile for the surrogate
analyses will be utilized.

4.2.8 After DSC analysis is initiated, data collection on the MS can be initiated. The MS can monitor
over 10 different gas species, if needed. For these analyses, the following m/z ratios (each corresponding
to a different gas species) shall be monitored:

Species | m/z | Dwell Time (s) | Resolution | Species | m/z | Dwell Time (s) | Resolution
c* 12 0.5 50 (NO)* 30 0.5 50
o 16 0.2 50 SArt 36 0.05 50
(OH)* 17 0.2 50 (COy* | 44 0.2 50
N 50 (NO2)*/ 50
(H20) 18 0.2 COLH, 46 1.0

Different gas species can be added or removed from the above, and analyses can be repeated by using
fresh sample and the revised analysis template as needed.

4.2.9 Samples may be analyzed in duplicate, triplicate or quadruplicate, as deemed necessary by the
customer/SME-PI. Establishing that no, or very little, change occurs between the SNM-bearing and non-
SNM-bearing subsamples may require several repeat runs.

4.2.10 DSC-MS data are processed using proprietary Netzsch “Proteus” software which permits the user
to integrate the gas MS data with the DSC data, and includes a wide variety of utilities for the
determination of key reaction parameters such as peak temperature, onset temperature, end-of-reaction
temperature, peak area, etc.

4.2.11 Thermograms and gas data can be exported to a COTS statistical package (e.g., Origin) to provide
the end-user with relatively easy-to-understand output for inclusion in the final report.

4.3 DSC-MS Data

4.3.1 DSC-MS results from corresponding RNS surrogates that are free of SNM shall be compared to the
fraction to which SNM has been added. Ultimately, the goal is to assess the differences in reactivity
between the SNM-bearing fraction and the non-radioactive fraction. The criteria used to assess the
differences in reactivity shall include differences in gas species released, onset temperature of the
exothermic reaction(s) and the energy release(s) inferred from the peak areas on the thermogram. We
anticipate that, while the numerical value of the enthalpy change (peak area) of the reaction will only be
approximate, systematic differences in peak area between radioactive and non-radioactive sub-samples
will correspond to real-world trends in reactivity.

4.3.2 Determination of onset temperatures, peak areas, etc., shall follow the guidelines provided in the
vendor-supplied software.

5.0 QUALITY ASSURANCE

ASME NQA-1-2009A, Subpart 4.2, “Guidance on Graded Application of the Nuclear Quality Assurance
(NQA) Standard for Research and Development” guided the development of this Test Plan. The test plan
conforms to SD330, Los Alamos National Laboratory Quality Assurance Program. SD330 is
implemented within MET-1 using PA-PLAN-01016, “ARIES Oxide Production Project Quality
Implementation Plan.”
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As part of the Quality Assurance activities for this work, the QA-SME may request tabletop and walk
down reviews of documents and tasks prior to the start of formulation and analysis. The QA-SME may
also request to observe any part of the work conducted under this Test Plan.

Examples of documents that the QA-SME may choose to review include calibration records for specific
items, M&TE used, laboratory notebooks, chain of custody records, and data sheets derived from PMT2-
MPR-DOP-015.

6.0 NONCONFORMANCES

In the event that a close out calibration or instrument check shows that the instrument is not functioning
as expected (not conforming), an assessment will be made by the RLM of the impact to the relevant test
or tests. The RLM, in conjunction with the appropriate SME will determine a path forward that may
include reformulating and retesting RNS material.

7.0 DOCUMENT MANAGEMENT

The author shall obtain, from document management, a document control number after approval of this
test plan.

8.0 TEST PLAN REVIEW AND APPROVAL
8.1.1 The author shall have the completed draft Test Plan reviewed for adequacy, accuracy,
completeness, and consistency.

8.1.2 Reviewers shall be the RLM, Quality Assurance, and one or more appropriate Technical
Reviewers.

8.1.3 All reviewers will sign the front page of the test plan indicating their approval.

9.0 TEST PLAN CHANGES
Changes to the issued Test Plan that redefine work scope or processes will be documented in an approved
revision to this Test Plan.

Administrative changes or changes to the experimental details that do not affect the purpose or scope of
the plan shall be documented in a scientific notebook per Scientific Notebooks (SDI-SP-003-Revision 0).

10.0 RECORDS AND RECORD REQUIREMENTS

Records compiled or generated by this process include:

o Calibration records for the balances and M&TE used for the sample preparation and analysis, as
noted in section 4, above.

¢ Signed notebook pages documenting the analytical processes outlined above, and the date/time/ Z
numbers of the staff involved during formulation/testing.

e Analytical Testing reports.
e Receipt documentation of the samples from M-7 to MET-1, via C-AAC.

Records will be compiled into an MET-1 memo or report that will be uploaded to PDML.ink for archival
purposes.
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11.0

SOFTWARE QUALITY MANAGEMENT

Software used with the instruments described above is COTS and is managed through a formal Software

Quality

Management Plan that is part of PA-PLAN-01016 “ARIES Oxide Production Project Quality

Implementation Plan.” Software used for testing and analysis includes:

12.0

Differential Scanning Calorimeter control software,
Differential Scanning Calorimeter data analysis software,
Quadrupole Mass Spectrometry software; and

Statistical Analysis and Plotting software.

ENVIRONMENT, SAFETY, AND HEALTH

All work described above is covered by DOPs consisting of ES&H review for all hazards and processes.

13.0

131

13.2

13.3

13.4

135

14.0

RESPONSIBILITIES

Responsible Line Manager

o Verifies integration, consistency, and completeness of this Test Plan.

o Approves workers for the DOPs listed in Section 2. Approval is done through the Worker
Qualification and Authorization System (WQAS).

Principal Investigator

o Verifies integration, consistency, and completeness of this Test Plan.

Technical Reviewer

o Confirms accuracy, adequacy, and completeness of this Test Plan.

Document Control

e Assigns document number and effective date for this Test Plan.

Worker

o Verifies qualification and approval for activities in WQAS before carrying out work.

ACRONYMS

Term

Description

ACS

American Chemical Society

DOE

United States Department of Energy

DSC

Differential Scanning Calorimetry

DWI

Drop Weight Impact

EP

Environmental Programs

S&CL

LANL Standards & Calibration Laboratory
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Term Description

IESL Institutional Evaluated Supplier List

IWD Integrated Work Document

LANL Los Alamos National Laboratory

M&TE Measurement and Test Equipment

QA Quality Assurance

RNS Remediated Nitrate Salt

TP Test Plan

WQAS Worker Qualification and Authorization System

M-7 Weapons Experiments High Explosives Science & Technology group

150 ATTACHMENTS

Number Title
A Test Descriptions
B Quality Implementation Matrix
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Attachment A: TEST DESCRIPTIONS

Differential Scanning Calorimetry (DSC)

Operation of the DSC in PF-4 is authorized under PMT2-MPR-DOP-015. DSC measures the thermal
response of a material by monitoring the heat flow into or out of that material as it is heated at a constant
ramp rate. The sample is placed in a Pt-Rh alloy pan that is covered by a perforated Pt-Rh alloy lid, but
not sealed or crimped. The pan is placed on a DSC carrier platform, along with an empty reference pan.
The furnace is mechanically lowered over the DSC carrier, and gas flow (UHP argon) is initiated. The
furnace is ramped following a user-determined thermal profile (for our purposes, a simple ramp from
room temperature at 10°C/min to 500°C) while heat flow to the sample and reference pans is monitored.
Endothermic events require more heat to flow to the sample to keep its temperature increasing at the
desired ramp rate. Exothermic events cause the furnace power to be reduced for the same reason. With
this method, melts, phase transitions, decomposition, and other features can be quantitatively measured.

Quadrupole Mass Spectrometry

Operation of the quadrupole mass spectrometer in conjunction with the DSC in PF-4 is authorized under
PMT2-MPR-DOP-015. Gases evolved during the thermal ramp used for DSC analysis are entrained in a
stream of ultra-high-purity argon (Ar) gas supplied by a dedicated, wall-mounted cylinder operated at
~7.5 psi. Gas flows to the instrument are controlled using needle valves that restrict the total gas flow to
~80 mL/min. The entrained gases are conducted through heated silica capillary into the ionization
chamber of the mass spectrometer (MS). Sampling is by differential pressure, and ionization (positive or
negative) is accomplished under vacuum (1.0 x 10°° mbar) by electron impact. lons are routed into the
analytical sector where they are scanned using the quadrupole mass analyzer. lons may be detected by
means of a Faraday Cup, or by an electron multiplier operated at 1200 V. For these analyses, all detection
is performed using the electron multiplier. Detector dwell times are specified by the user and are set up
prior to the start of analysis. Species for monitoring are also specified by the user. The mass range of the
MS is 1-300 amu. Once the DSC run begins, the user can initiate MS data collection. Quantitative
analysis is possible, but will not be necessary for the testing and analysis described in this test plan.
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Attachment B - QUALITY IMPLEMENTATION MATRIX

NQA- | DESCRIPTION | EXCERPTS FROM NQA-1 PART IV SUBPART 4.2, TEST PLAN IMPLEMENTATION
1 GUIDANCE ON GRADED APPLICATION OF NQA METHODOLOGY
Rgmnt STANDARD FOR RESEARCH & DEVELOPMENT

1 Organization 601.1 General. An organization should be defined for R&D This test plan Section 13, and by reference:
work to describe roles, responsibilities, and authorities that
SD330 LANL QA Plan

support achievement of work objectives. Interface
responsibilities should be defined between R&D and support | SD601 Conduct of R&D

functional elements o P315 Conduct of Operations
601.4 Development and Support. Roles, responsibilities, and

authorities should be defined for development and support See also items below that outline roles and )
activities. They should address those doing the work and responsibilities, worker qualification, documentation,
those who perform independent verification that work and peer review.

objectives have been met. Interface responsibilities with
design and engineering functions should be defined, as
appropriate, to ensure that developmental results are useable.

2 Quality 602.1 General. A graded approach based on importance and | SD 330 is the institutional quality assurance program.
Assurance significance of activities is key to the successful application SD601 Conduct of R&D
Program of the NQA standard to R&D activities. The R&D quality PLAN-WXDIV-2142 is the division quality assurance

assurance program should be based on the proven processes
that govern the performance of successful scientific research.
Highly qualified and motivated people who are engaged in
selective investigation activities, that are carefully reviewed See section 3.2 for Training (and IWDs as incorporated
by independent competent peers, will turn out documented by Reference).

results that are verifiable and able to withstand scrutiny by

reviewers, potential users, and the entire research community. PA-PLAN-01016, ARIES Oxide Production Project
602.4 Development and Support. Development activity entails | Quality Implementation Plan

the application of a proven theory and its extension to a
practical situation. The plan that governs a developmental
activity leads to a more structured management of the entire
process. For example, progress is measured against a
predetermined set of results that appear to be appropriate at
the outset. However, there are sufficient technical.
Uncertainties in a development project to warrant some

plan that implements some specifics of SD330 locally.
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NQA- | DESCRIPTION | EXCERPTS FROM NQA-1 PART IV SUBPART 4.2, TEST PLAN IMPLEMENTATION

1 GUIDANCE ON GRADED APPLICATION OF NQA METHODOLOGY

Rgmnt STANDARD FOR RESEARCH & DEVELOPMENT
flexibility. This is frequently taken into account in the
formality associated with the preparation and revision of
design and process documentation, and by including in the
milestones a plan for evaluating performance at various key
junctures during the project. Tests are prescribed with
requirements commensurate with the complexity and scale of
the work, and with the associated risk to the public, workers,
and environment and future success of the project.

3 Design Control | 603.4 Development and Support. For development and Not Applicable. Nothing is being designed.

support activities, the level of design control should be
applied to support the input needs of the design process. In
some cases, considerable importance is placed on R&D
results to demonstrate the acceptability of innovative
design.

4 Procurement 604.4 Deve|opment and Support. For deve|0pment and SD330, P840-1, PLAN-WXDIV-2142, P1020-2, and
Document support activities, the level of procurement document control | P1020-1. In this Test Plan, the relevant procurement
Control should be applied to support a commercial design basis, i.e., documents are the Certificates of Analysis from Fisher

engineering design system criteria. for the chemicals. These will be assembled into a
memorandum that is archived in PDMLink.
See sections 4, 10, and 11 of this Test Plan for more
detail on specific procurement document controls.

5 Instructions, 605.4 Development and Support. Activities should be This Test Plan and several IWDs contain the instructions
Procedures, and | performed in accordance with documented instructions, and procedures needed for the work. Refer to Section 2.0
Drawings procedures, or drawings, as directed by the researcher / of this Test Plan and other content.

developer. Thermal Analysis of Off-Gas Analysis by Quadrapole
Mass Spectroscopy, PMT2-MPR-DOP-015.
P315 Conduct of Operations
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1 GUIDANCE ON GRADED APPLICATION OF NQA METHODOLOGY
Rgmnt STANDARD FOR RESEARCH & DEVELOPMENT
6 Document 606 NQA-1. Requirement 6; Document Control. This element | SD330, PLAN-WXDIV-2142, P1020-2, and P1020-1.
Control is applicable to R&D activities. As a minimum, laboratory In this Test Plan, Laboratory Notebook pages will be
notebooks should be subject to document control procedures. | copied and attached to the Analytical Reports that are
Also, the process for development of intellectual property archived in PDMLink.
documentation should be subject to document control.
7 Control of 607 NQA-I, Requirement 7; Control of Purchased SD330. In this Test Plan, chemicals will be purchased
I;/Ll”(:h"flsled Materials, Items, and Services This element is applicable to frorT;] F:Séhse[ cl)_r VVgE thfoulgh Gﬁi All trr:ree dven_dfc: rsare
ateria Sa R&D activities. The degree of application should support the (én L .?. :,St' I emicals will be purchased wit
Items, an desired results of the work, within the specified performance ertificates of Analysis.
Services boundaries.
The need to ensure conformance with specified requirements
depends on the objectives of the work. If the quality of work
results depends on the pedigree of materials, items, or
services, the work should be planned to include this
Requirement.
8 Identification 608 NQA-1, Requirement 8; Identification of Control SD330.1n this Test Plan, individual items needing
?tnd Control of Items. This element is applicable to R&D activities. The spec!;!c ﬁ?ntrolbs h_avelt_)eetn |dent|f|$r<]:i elthter  that
ems degree of application should support the desired results of the specitically (ir y 1mplica I(;n_(et.gi € sta enF1enth ata
work, within the specified performance boundaries. If the Teasure_men Sr;qclzjtres atcelr ain to (_eragce)ih or ofse
quality of work results depends on the pedigree of materials : etms, ?' terd 41 con_fro IS re?_mre_ or de use ofan
or items (e.g., analytical chemistry), this Requirement applies. Internal standard to verity operation 15 used.
See sections 4, 10, and 11 of this Test Plan for more
detail on specific item control.
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1 GUIDANCE ON GRADED APPLICATION OF NQA METHODOLOGY
Rgmnt STANDARD FOR RESEARCH & DEVELOPMENT
9 Control of 609 NQA-I, Requirement 9; Control of Processes, 609.1 SD330 and Documents referenced in the Test Plan that
Processes General. The control of processes varies considerably as one control work process development at the division level.
advances from basic research through development.
609.4 Development and Support. Process control during this
phase is formalized. Formalization occurs at the project or
program level. Work processes and supporting activities are
defined, and work and operating procedures are developed
and implemented with respect to safety considerations,
quality, cost, schedule, and programmatic mission. Methods
of implementation and training requirements are formally
defined.

10 Inspection 610.1 General. Basic and applied research activities are not Inspection of received items is carried out by the receiver
amenable to inspection. Consideration may be given to checking to ensure that the lot number of the received
performing inspection-like activities on basic and applied item matches the lot number on the Certificate of
research to establish process or product control limits. Analysis. Inspection of instruments includes verifying
610.4 Development and Support. The researcher/ developer that the |n_te_rr_1al standards are showing expect_ed results._
should anticipate the need and plan for inspection criteria for Thgs_e activities are part of everyday formulatlon/analym
advanced development work to interface with design process activities and are not formally called out in the Test Plan.
needs.

11 Test Control 611.1 General. Test control does not apply uniformly to basic | The specific test methods and outputs are documented
and applied research. Where applicable, test methods and above along with descriptions of the evidence used to
characteristics shall be documented and the approaches and ensure that they are conforming to expected performance.
procedures recorded. Test control does not apply to basic and | This Test Plan constitutes the planning of the tests. Test
applied research activities in which hypotheses are being results will be documented in Analytical Reports that are
evaluated. It does apply to support activities associated with | archived in PDMLink.
the conduct of research. See sections 9 and 10 of this Test Plan for details on test
611.4 Development and Support. Characteristics to be tested control.
and test methods should be specified. The test results should
be documented and their conformance to acceptance criteria
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1 GUIDANCE ON GRADED APPLICATION OF NQA METHODOLOGY

Rgmnt STANDARD FOR RESEARCH & DEVELOPMENT
evaluated. Tests required should be planned, executed,
documented, and evaluated.

12 Control of 612.1 General. The researcher should specify the Specific items needing S&CL calibration are called out
Measuring and requirements of accuracy, precision, and repeatability of in the test plan either specifically or through implication
Test Equipment | measuring and test equipment (M&TE). These requirements by statement of a required tolerance. Calibration of the

have different implications for basic, applied, and DSC-MS is administered by the S&CL as a User

development work. Performed Calibration (UPC), and is documented by the

612.4 Development and Support. During the process user. Ea_llb:atlop files and results shall bg madle_ available

development stage and for all R&D support activities, M&TE to technical reviewers, Management, an Qqa ity

should be controlled. The degree of control should be personlrlleé. Iﬁems rrlothcalled c;u_t In thcl)se fa(sjhlt()jns sre

dependent on the application of the measurement. con_tro N _t roug _t e use of Interna _stan aras that

P ppiicatt a verify their operation. Use of M&TE in PF-4 is

controlled under RPS-AP-025 “Control of Measuring
and Test Equipment (M&TE).”

13 Handling, 613 Handling. Storage And Shipping. This element is “Handling” in performance of this R&D work is addressed
Storage, and applicable to R&D activities. Good laboratory practices may by SD601, Conduct of R&D, the content of this test plan,
Shipping be defined as instructions used for conducting the activity. including Integrated Work Documents (IWDs) incorporated

by reference.

14 Inspection, 614.1 General. This criterion has limited applicability for P330-2. This only applies to items calibrated by S&CL.
Test, and R&D activities. These items have visible calibration stickers attached.
Operating 614.4 Develo : Any item that is “calibrated” per this Test Plan is

. pment and Support. The status of items and
Status processes for which inspections and tests are specified, should understood to be on the S&CL program.
be identified by tags, markings, inspection and test records, or
other suitable means. The authority for application and
removal of inspection and test identification should be
specified.
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assumptions and expected results. The documentation,
reporting, and tracking of conditions adverse to quality are
done at the discretion of the researcher.

616.4 Development and Support. Responsibility should be
defined for the identification, cause, and corrective action for
significant conditions adverse to quality; these should be
documented and reported to appropriate levels of
management. Follow-up actions should be taken to verify
implementation and effectiveness of corrective action.

NQA- | DESCRIPTION | EXCERPTS FROM NQA-1 PART IV SUBPART 4.2, TEST PLAN IMPLEMENTATION
1 GUIDANCE ON GRADED APPLICATION OF NQA METHODOLOGY
Rgmnt STANDARD FOR RESEARCH & DEVELOPMENT
15 Control of 615 This Requirement should apply only to R&D support Per Part IV, Subpart 4.2, para 103.4, this applies to
Nonconforming | activities. The results of R&D activities are not expected to calibrated items. If calibrated items or items checked
Items meet predetermined requirements; therefore, obtaining with internal standards show nonconformances, per this
unexpected results does not constitute a nonconforming Test Plan, an assessment will be made by the RLM and
condition. The point at which a nonconformance can be then, in conjunction with the SME, a path forward will
identified is the point at which development work has be determined. This may include reformulation and/or
transitioned into design or production of engineered items. retesting.
See section 6.0 of this Test Plan for details on
nonconforming items.
16 Corrective 616.1 General. Conditions adverse to quality can be identified | Corrective action will apply items as noted above and to
Action for R&D activities, depending on the certainty of operating the Test Plan and associated documentation. Item

nonconformance corrective action is described above and
in the Test Plan. Document nonconformance includes
everything from simple typographic errors to incorrect
process and procedures. Per this Test Plan,
nonconformances that do not affect the purpose or scope
may be documented in a scientific notebook. Other
nonconformances will be documented in an approved
revision to the document. This guidance is consistent
with the M division Technical Plan and Integrated Work
Document policies, AP-WXDIV-2385 and AP-JDIV-
10109.

See section 6 of this Test Plan for details on Corrective
Actions.

MAP-0002 “Corrective Action”
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Expiration Date:

specifically address the use of Software, however, the DOE
QA Order 414.1D and EM QA Program, EM-QA-01 Rev. 1,
establish requirements for safety and non-safety software
using a graded approach. Established LANL Software QA
programs and procedures defining controls for the acquisition,
development, and/or use of software should be applied. This
includes commercial off-the-shelf (COTS) software used for
the control of instrumentation and the recording of data
obtained by instrumentation.

NQA- | DESCRIPTION | EXCERPTS FROM NQA-1 PART IV SUBPART 4.2, TEST PLAN IMPLEMENTATION
1 GUIDANCE ON GRADED APPLICATION OF NQA METHODOLOGY
Rgmnt STANDARD FOR RESEARCH & DEVELOPMENT
17 Quality 617 Quality Assurance Records. This element is applicable to | SD 330. Documents will be captured in memoranda or
Assurance R&D activities. In many cases, the notebook or journal of the | reports that are archived in PDMLink.
Records researcher is the QA record. Controls are needed for these

documents, e.g., maintain copies of critical pages or access- . . .
controlled filing when not in use to preserve process See sgctlons 7 and 10 of this Test Plan for more detail on
repeatability and the QA record. Electronic media may be records.
used to record data and should be subject to appropriate
administrative controls for handling and storage of data. P1020-1, Laboratory Records Management

19 Audits 618.1 General. Planned requirements are not always defined Section 5.0 of this Test Plan guides the usage of
for R&D work; therefore, audits should be conducted in a surveillances. Surveillances may include tabletop and
graded manner. R&D audit activities include normally walk down reviews of documents and tasks prior to start
accepted assessment practices, peer reviews, or both. of work and during actual execution. Surveillances will
618.4 Development and Support. Responsibility should be be carried out at the discretion of the QA-SME and
defined for audits and the results of these audits should be coordinated with the Principle Investigator.
documented and reported to appropriate levels of
management. Follow-up actions should be taken to verify
implementation and effectiveness of corrective action.

* Software QA Note: the NQA-1 Subpart 4.2 guidance on R&D does not SD 330. Software quality will be documented in division

implemented SQM forms. All software is COTS and is
standard software used in many different places.
Software used (including current revisions) is specified
under PMT2-MPR-DOP-015, and is covered under PA-
PLAN-01016, “ARIES Oxide Production Project Quality
Implementation Plan.”

See sections 4 and 11 of this Test Plan for details on
Software QA.

*Application of Software QA requirements to this scope of work is a requirement of DOE O 414.1D and EM-QA-001 Rev. 1.
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SIMULTANEOUS THERMAL ANALYSIS OF
WIPP AND LANL WASTE DRUM
SAMPLES: A PRELIMINARY REPORT

David M. Wayne: MET-1, MS E 511, LANL, Los Alamos, NM 87545
d-wayne@lanl.gov, 665-7552 (0) / 667-2547 (l)

Background

On Friday, February 14, 2014, an incident in P7R7 of the WIPP underground repository released
radioactive material into the environment. The direct cause of the event was a breached transuranic
(TRU) waste container, subsequently identified as Drum 68660. Photographic and other evidence
indicates that the breach of 68660 was caused by an exothermic event. Subsequent investigations (Britt,
2015; Clark and Funk, 2015; Wilson et al., 2015; Clark, 2015) indicate that the combination of nitrate
salts, pH neutralizing chemicals, and organic-based adsorbent represented a potentially energetic
mixture.

The materials inside the breached steel drum consisted of remediated, 30- to 40-year old, Pu processing
wastes from LANL. The contents were processed and repackaged in 2014. Processing activities at LANL
included: 1) neutralization of acidic liquid contents, 2) sorption of the neutralized liquid, and 3) mixing of
acidic nitrate salts with an absorber to meet waste acceptance criteria. The contents of 68660 and its
sibling, 68685, were derived from the same parent drum, S855793. Drum S855793 originally contained
ten plastic bags of acidic nitrate salts, and four bags of mixed nitrate and oxalate salts generated in 1985
by Pu recovery operations. These salts were predominantly oxalic acid, hydrated nitrate salts of Mg, Ca,
and Fe, anhydrous Na(NOs), and minor amounts of anhydrous and hydrous nitrate salts of Pb, Al, K, Cr,
and Ni. Other major components include sorbed water, nitric acid, dissolved nitrates, an absorbent
(Swheat Scoop®) and a neutralizer (KolorSafe®). The contents of 68660 are described in greater detail in
Appendix E of Wilson et al. (2015).

S855793 contained approximately two gallons of free liquids: presumably a mixture of water, nitric acid,
and dissolved nitrates. The liquid was drained from the parent drum and from the salt-filled bags and
neutralized using KolorSafe®; a color-indicating neutralizing agent composed of triethanolamine (TEA)
and an indicator dye. The resulting near-neutral liquid was then solidified using Swheat Scoop®, and
placed on top of solid “job control” waste (e.g., plastic bags and bottles, and a glove-box glove) in 68660.
Swheat Scoop® absorbents are 100% wheat-derived solids, composed of starch (65-70 wt. %), proteins
(14 wt. %), plus lignin, lipids, cellulosic polymers, enzymes, and an indigenous microbial population.

It is likely that the starch component in the Swheat served as the predominant fuel component in 68660,
though other organics such as low-density and high-density polyethylene and polyvinyl chloride were
also present. Nitrate salts and nitric acid both serve as oxidizing and nitrating agents when in contact
with carbonaceous materials. If nitric acid is neutralized with TEA the corresponding nitrate salt,
triethanolammonium nitrate (TEAN), is produced. TEAN is more reactive than TEA as it comprises both

50



SIMULTANEOUS THERMAL ANALYSIS OF WIPP AND LANL WASTE DRUM SAMPLES: A PRELIMINARY REPORT

the fuel (organic) and oxidizer (nitrate) in the same molecule. TEAN melts at 80 °C and decomposes
exothermically beginning at about 250 °C (Bracuti, 1992).

The remaining damp acidic nitrate salts from S855793 were also combined with Swheat Scoop®. This
nitrate salt / Swheat mixture was distributed between 68660 and 68685 in somewhat different
configurations. In 68660, the salt mixture was placed on top of the layer of neutralized and sorbed
liquid. In 68685, there were no sorbed liquids, and the salt mixture was placed directly into the bottom
of the drum and overlain with a lead blanket from the parent drum (Wilson et al., 2015). The physical
configuration of the wastes within 68660 may have contributed to the reactivity of the contents (Wilson
et al., 2015). Wastes were situated within the drum in a manner that created several interfacial regions
having contrasting chemistries and thermal conductivities: (1) solid “job control” and neutralized sorbed
liquid, (2) neutralized sorbed liquid and nitrate-salt mixture, (3) neutralized sorbed liquid and
polyethylene liner, (4) nitrate-salt mixture and polyethylene liner, and (5) nitrate-salt mixture and drum
head space. Wastes having different compositions were situated as layers within the drum, and the
resulting interface between adjacent layers of neutralized-and-sorbed liquid + organics and nitrate salt +

organics may have created localized reactive zones that led to the thermal runaway event.

Table 1: Identification and physical appearance for each sample analyzed using DSC-MS

Sample ID | Drum Description (before run — samples ground and dried Description (after
Number | at 110 °C unless otherwise noted) run)
4174-1-6 $802701 | Translucent crystals, not ground — from top layer White-clear glassy
residue

4174-2-7 $813389 | White-gray powder and crusty aggregates w/darker Clear, frothy, glass-
granules —from top layer, not ground like residue

69120 S$855793 | Sample 1: White / tan powder & aggregates w/ black & | Reddish brown
white specks — monolith 1 scraped from emptied (‘nutmeg’) crust
parent drum

69120 $855793 | Sample 2: White-tan powder w/brown flecks — Reddish brown
monolith 2 scraped from emptied parent drum (‘nutmeg’) powder

69120 S855793 | Sample 3: Brown-gray powder w/brown & white flecks | Reddish brown
— monolith 3 scraped from emptied parent drum (‘nutmeg’) crust

69139 S864694 | Gray-tan powder w/white flecks — scraped from Reddish brown
emptied parent drum (‘nutmeg’) powder

68492 $822952 | Brown-gray powder w/white flecks — scraped from Brick-red crust
emptied parent drum

68645 $818449 | Yellowish-tan powder, slightly hygroscopic, w/white Reddish brown
flecks — scraped from emptied parent drum (‘nutmeg’) crust

69173 S$851436 | Tan-gray powder — scraped from emptied parent drum | Dark brown / black

powder

An interdisciplinary study conducted by multiple DOE laboratories (Wilson et al., 2015) concluded:
“The physical evidence from P7R7, combined with thorough analysis of available sample data, chemical
reactivity testing, and analytical modeling, indicates that Drum 68660 breached as a result of internal
reactions that were exothermic in nature. The Technical Assessment Team (TAT) hypothesizes that a
sequence of exothermic chemical reactions led to a thermal runaway, which resulted in solids,
radioactivity, and hot gases being released from the drum.”
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The report also concludes that the contents of 68660 did not detonate. Rather, the breach was the
result of “...internal chemical reactions that generated heat and produced gases that built up pressure
sufficient to overcome the drum vent and seal.” Thermal analyses of samples from 68660 were an
important part of the data set in Wilson et al. (2015), but these did not include DSC measurements.
While we had no access to samples from drum 68660, samples from its parent (5855793) were available
to us. We also analyzed analogous materials sampled from four different drums that had similar
contents and age.

A Brief Description of the Samples

Samples analyzed for this study fall into four broad categories (Table 1).

Pure nitrate and nitrate hydrate salts (Na, K, Pb, Mg, Fe**), and calcium oxalate hydrate.
Samples of nitrate salts taken from the top layer of waste inside two full parent drums.
(5802701 and S813389) that had never been processed. These are referred to as “top layer
salts” in this report.

3. Salts scooped out of the bottom of four parent drums that had been emptied at WCRRF.
These are referred to as “residual salts” in this report.
4, Three “monolith” samples labelled 69120 (1-3) are residual salts from drum S855793, the

parent of 68660. These samples consist of discrete chunks of solid material found in the
material scraped from the interior of the drum.

We performed simultaneous thermal analysis and mass spectrometry of the offgas (STA-MS) on pure
reagent-grade Na, Pb, Mg, Fe (lll), and K nitrates and Ca oxalate obtained from known sources from
within LANL's Chemistry and Manufacturing Engineering Technologies divisions in order to compare the
thermal behavior of these compounds with that of the mixtures found in the various waste forms.

Top layer salts are comprised of largely water-soluble hydrated nitrate salts of Na, K, Ca, Mg, and Al that
are bagged-out and packed in poly-lined drums. In many instances, the bags have deteriorated due to
radiolysis. The residual salt samples (Table 1) from the emptied drums are essentially the ‘leftovers’ of
the first phase of the waste drum remediation process; wherein parent drums are emptied into a
glovebox, the wastes treated as required and then repackaged into separate daughter drums that are
eventually transported to WIPP. The residual salts consist of discrete chunks of heterogeneous material
(monolith), or aggregates of “moist, free-flowing” to “moist, clumping,” macroscopically heterogeneous
solids (Chamberlin and Martinez, 2014; Chamberlin et al., 2015).

While the residual salts ostensibly constitute untreated, unremediated nitrate and oxalate salts and
related residues (bits of lead shielding, rust particles from the drum interior, etc.), it is possible that they
have been contaminated with Swheat Scoop®. There are two possible avenues for cross-contamination
with Swheat Scoop® (Schumann, 2015):

1) Wet salts from the parent drum were emptied into a glovebox at WCRRF and combined with the
neutralizer and adsorbent manually, using hand tools. The same tools are also used to remove salt bags
and other items from the parent drum. If hand tools were contaminated with Swheat during sorbent
mixing and were then used to scoop residues out of the parent drums, cross contamination of the
residues left in the drum (and later sampled for analysis) is possible.
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2) During the time these drums were processed at WCRRF, it was a routine ‘best management
practice’ to add a small amount of Swheat to an empty parent at the end of the process, before it was
bagged-off, in order to ensure that any remnants of liquid in the emptied drum were completely

absorbed and no longer problematic.

Table 2: MS operating parameters. Only OH, H,0, NO, 36Ar, and CO, were measured during every analysis

Species | m/z Dwell Time (s) Resolution Species | m/z Dwell Time (s) Resolution
(Hy)* 2 0.5 50 (NO)* 30 0.2 50
He' 4 0.5 50 (0,)* 32 0.05 50

c 12 0.5 50 *Ar’ 36 0.05 50
(o} 16 0.2 50 (CsHs)" 41 1.0 50
(OH)* 17 0.2 50 (Co,)* 44 0.2 50

(H,0)* 18 0.2 50 (NOy)* 46 1.0 50

(CoH3)" 27 1.0 50 (so)* 48 0.5 50

(CHs)" 29 1.0 50

Table 3: DSC temperature profiles
Preparation Analysis

Profile 1 | 10 °C/minute ramp to 110 °C, 10 min. isotherm @ 110 °C

5 °C/minute ramp to 350 °C

Profile 2 | 10 °C/minute ramp to 110 °C, 10 min. isotherm @ 110 °C

2.5 °C/minute ramp to 350 °C

Profile 3 | 10 °C/minute ramp to 110 °C, 10 min. isotherm @ 100 °C

5 °C/minute ramp to 500 °C

Profile 4 | none

10 °C/minute ramp to 1100 °C

Table 4: Calibration set 6.223.5.-91.2, RT-900 °C (for Pt-crucibles)

Material T (°C) Enthalpy (J/g) Purity Molecular Weight (amu) K =(AH,e/AH,,)
CeHsCgHs 69.2 120.4 99% 154.21 1.040
CgHsCOOH 122.3 147.3 >99.9% 122.12 1.096
RbNO; 164.2 26.6 99.99% 147.48 1.126
RbNO; 285.0 8.75 99.99% 147.48 1.142
Ag,S0, 426.4 51.7 99.999% 311.8 1.064
CsCl 476.0 17.2 99.999+% 168.36 1.021
K,CrO4 668 38.9 99.5% 194.20 0.806
BaCOs 808 94.9 99.98% 197.35 0.666

Analytical Details

DSC-MS runs were performed using a Netzsch STA 409PC Luxx, operated in simultaneous TG-DSC mode.
The TGA-DSC measurement head (part number 6.227.1-70+S) is designed so that thermogravimetric
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(TG), differential scanning calorimetry (DSC), and evolved gas data can be collected from the same
sample, simultaneously, during a single experiment. The resolution of the thermobalance is 2 ug, and
the thermocouple (an integral part of the measurement head itself) is accurate to within ~0.2 °C. All
data were collected and corrected for buoyancy and background effects using proprietary Netzsch
“Measurement” software (v4.3.1; 17-5-2004) and processed using proprietary Netzsch “Proteus”
software (v4.3.1; 17-5-2004). Onset temperatures were obtained using the ‘onset’ capability in Proteus.
Enthalpy values were obtained by choosing a reasonable background value on either side of the peak
and integrating the peak area in Proteus. Mass changes were evaluated by using the first derivative of
the mass change curve (labeled “DTG” in all plots). For all energy plots, exothermic peaks point upwards.

Table 5: Thermodynamic data for phase transitions in K(NO3) from Breuer and Eysel (1982) and measured in the
TGA-DSC apparatus used for this study

Transition OnsetT.(°C) | OnsetT. (°C) | %RSD DH (J/g) DH (J/g) %RSD
literature measured literature measured
2" order 129 129.5 +0.4 -49.47 -55.95 +13.1
melting 334 335.6 +0.5 -98.35 -94.93 -3.5
2" order 129 129.0 0 -49.47 -55.26 +11.7
melting 334 335.7 +0.5 -98.35 -92.43 -6.0
2" order 129 128.9 -0.08 -49.47 -56.19 +13.6
melting 334 335.7 +0.5 -98.35 -91.86 -6.6

The STA-MS is coupled to a Pfeiffer ThermoStar quadrupole MS (GSD 301T) via a 1m long heated

(200 °C) silica capillary transfer line. Mass spectrometer data were acquired and processed using the
Pfeiffer ThermoStar Suite (Quadstar 32-Bit, v7.03). The mass spectrometer was operated in peak
hopping mode (MID), using electron ionization (El, 70 eV). Aside from OH and H,0, the following species
were monitored for each sample: O, NO, Ar, CO,, and NO,. In addition, the following species were also
monitored during selected analyses: H,, O,, and SO. The RF polarity was normal, the ionization filament
current was 1.0 mA, and the multiplier (SEM - channeltron) voltage was 1200 V during all phases of
analysis. The remaining operating parameters for the GSD 301T are summarized in Table 2.

The entire apparatus (DSC and MS) is located inside a dry air glovebox fitted with hard-plumbed, filtered
gas inlets and sealed electrical and telemetric feedthroughs. During analysis, ambient glovebox
conditions were: temperature (T) = 27 to 32 °C, relative humidity (%RH) = 0.0 - 0.3%. Pre-run baseline
values varied from approximately -6 to -5 uV.

To facilitate the thermal analysis of small (10-50 mg) quantities, the residual salt and monolith samples
were dried in air at 100 °C and ground to a fine powder by C-AAC personnel. Top layer salt samples
$802701 and S813389 were dried without grinding. Immediately prior to analysis, all samples were re-
ground using an agate mortar and pestle. For STA-MS analysis, each nitrate and WIPP / LANL waste
sample was subjected to a 10 minute-long isothermal drying interval at ~110 °C to remove reabsorbed
atmospheric moisture from the samples. All relevant data was collected following the isothermal step,
which served only to purge the sample of water adsorbed after the samples were first prepared by C-
AAC. For all nitrate samples, and for the first round of (uncalibrated) exploratory WIPP sample runs,
temperature Profile 1 was used (Table 3). Following calibration of the measurement head, Profile 2 was
used in an effort to resolve the broad enthalpy peaks into discrete events which could then be related to
specific chemical reactions. When that effort revealed no new data, selected WIPP samples were re-run
using Profile 3. Only the calcium oxalate samples were run using Profile 4 in TGA-MS samples (no DSC
data collected).
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The STA was calibrated using a standard reference material (SRM) set provided by Netzsch (6.223.5-
91.2), which consists of the materials listed in Table 4. These materials were used to construct
calibration curves for the measurement of temperature and enthalpy using the TGA-DSC measurement
head. K-values, the ratio of the reference enthalpy values to those measured in our apparatus
(AH,et/AH,,), for each standard are also listed in Table 4. A KNO; sample (25.53 mg) was run in triplicate
(Table 5) to evaluate the precision and accuracy of the onset temperatures and AH measurements
relative to literature values (Breuer and Eysel, 1982). Onset temperatures vary from known literature
values by <1.0%, while the enthalpy measurements (obtained by integrating the peak area using Netzsch
Proteus software) vary from the values in Breuer and Eysel (1982) by ~+7% to ~-14%.

Table 6: Summary of XRD phase identification results (major phases in S855793 in bold text), total Pu, volatiles
(mass loss after the as-received solid was heated in air for 15 hrs. at 200 °C), combustibles (additional mass loss
after the 200 °C material was heated in air for an additional 1 hr. at 600 °C), and calculated non-nitrate
combustible content from Martinez et al., 2015; Chamberlin and Martinez, 2014, and Chamberlin, et al 2015.

Total
zua W5 Wt. % Wt. %
Sample Origin Phases detected by XRD (ng/ Vola;iI;s Combustible | Combustible
w); g (total) (non-nitrate)
11.8 (LOI
$802701 | $802701 | NaNO; 14| 11000 n.a. n.a.
24.5 (LOI
$813389 | $813389 | NaNOs, Mg(NOs), 60 | 40 110°C) n.a. n.a.
69139 | ssea694 | 2MorPhous, PH(NOs),, 496 18.7 46.1 27.8
NaNO;
68492 | 5822952 | 2Morphous, Pb(NO),, 83 20.6 57.3 38.6
NaNO;
68645 | ss18449 | 2Morphous, Ph(NOs),, 9% 37.3 27.9 11.6
NaNO;
amorphous, PbCOs3,
69173 | 5851436 | o (0 o, 41 14.4 35.3 22.8
NaN03, Pb(N03)z, 6.92 (LO/
69120-1 | S855793 | amorphous, 394 to 110 °C) n.a. n.a.
Pb,(NO3),(C,04), PbO,
NaNO,, PbCO;,
amorphous, NaNOs, 2.15 (Lol
69120-2 | 5855793 33 a. a
NasONO,, MgCOs, to 110 °C) n-a n-a
Pb(NOs),, Pb,0CO;
NaN03, Pb(N03)z, ~
69120-3 | S855793 | amorphous, PbO,, 262 5516150(681 (110_3620'(8) °C) n.a.
Pb,(NO3),(C,04)

The sample outgas is entrained in a ~80 mL/min ultra-high-purity (UHP) Ar flow. Although the TGA
furnace and gas inlets were evacuated and flushed with UHP Ar prior to sample loading, some air was
admitted to the sample chamber when it was opened to load the sample. At the beginning of each
analysis, the Ar content of the headspace was between 10 to 40%, with the balance as dry air. During
analysis, Ar content steadily increased to 40-70%. Samples were transferred using a spatula into a clean
platinum-rhodium (Pt-Rh) STA pan, placed on the DSC carrier and covered with a pierced Pt-Rh lid. The
reference pan was an empty Pt-Rh pan-and-lid assembly.
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Figure 1: DSC-MS data for sodium nitrate to 350 °C
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Results

Pure Nitrates and Oxalate

The XRD data reported by Martinez, et al. (2015), Drake (2014), and Chamberlin, et al (2015) indicate
that both Pb(NO3), and NaNO3 are major components of the drum residues, along with varying amounts
of amorphous material and an array of other constituents, including Pb mixed salts and sodium
nitrite(Table 6). In order to evaluate the response of parent drum samples, we analyzed selected
nitrates and nitrate hydrates. DSC results from these samples were in broad agreement with those from
published work.

Calcium oxalate hydrate samples (0.60 to 11.58 mg) were previously run in 2013 using Profile 4 in TGA-
MS mode (i.e., no DSC data). We identified three distinct mass loss events. The first, occurring between
130 and 167 °Cis a simple dehydration, resulting in mass losses of -12.0 to 16.2 wt. %. Two separate
decarbonation reactions occur at 463.0 to 471.8 °C (CO, + CO: mass loss: -18.8 to -25.3 wt. %) and 652.2
to 735.5 °C (CO; only: -29.7 to -34.7 wt. %).

All nitrate and nitrate hydrate samples were run in STA-MS mode. One of the primary constituents of
the WIPP and LANL drum samples is Na(NOs) which, as a pure phase, shows no mass change, but did
show two significant endothermic reactions (Bauer et al., 2009) below 350 °C: a second order phase
transition at 275.2 °C, and melting at 315.4 °C (Figure 1). A small amount of H,0 is evolved during
melting. The other major nitrate constituent, Pb(NOs),, shows no reactivity or mass change whatsoever
below 350 °C, with just minor evolution of NO at ~300 °C.
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Figure 2: DSC-MS data from Mg(NO;),-6H,0 using Profile 1. Regions A, B, and C correspond to different furnace programming
segments (see Table 3).
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Similarly, K(NOs), a possible minor constituent of the nitrate salt fraction, shows no mass change and
two significant endothermic peaks at 136.8 °C and 341.5 °C, each associated with barely detectable
releases of H,0 and CO, below 350 °C. Magnesium nitrate hexahydrate, Mg(NQs),:-6H,0, dehydrates in
three distinct stages (Figure 2) with onset temperatures of 42.5, 112.8 and 259.9 °C. Water derived from
these endothermic dehydration reactions dominates the gas releases up to 350 °C. The total mass
change was -26.4 wt. %.

The only trivalent nitrate salt examined as part of our preliminary study was ferric nitrate hydrate,
Fe(NO3)3-9H,0. Iron (lll) nitrate hydrate released significant H,O and NO, during the initial part of the
isothermal drying step, and therefore was re-run in STA-MS mode using Profile 4 to 400 °C, without the
isothermal drying step. Also thought to be a constituent of the nitrate fraction in both the LANL and
WIPP drumes, iron (lIl) nitrate was also the only compound to react to a different end-product and the
only one that released significant amounts of H,0 and NO, below 350 °C (Figure 3).

Results from Fe(NOs)3-9H,0 are similar to those obtained by previous workers (EIMasry et al, 1998;
Wieczorek-Ciurowa and Kozak, 1999). When heated to 500 °C at 10 °C/min, dehydration onsets at
~46 °C, while the release of NO begins at ~110 °C. The H,0 peak reaches a maximum value between
~140 and 165 °C. The emission of NO, NO,, and CO, reach a maximum simultaneously, at ~162-168 °C.
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Dehydration and denitrification appear to be largely endothermic in nature, though within the overall
endothermic trend one or several smaller exothermic peaks appear at ~79-88 °C, ~135-143 °C, and

~163 °C. The endotherm peaks at ~167 °C, almost simultaneously with the maximum NO / NO, / CO, gas
release. The total mass lost up to 400 °C was ~71 to 76 wt. %. In each case, an insoluble reddish-brown
to black residue remained, presumably comprised of Fe oxides or oxyhydroxides (e.g., Gadalla and Yu,
1990; Wieczorek-Ciurowa and Kozak, 1999).

Figure 3: DSC-MS data (to 410 °C) from Fe(lll) nitrate hydrate.
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Top Layer Salts

When analyzed by DSC-MS using Profile 1 (Figure 4), the salt sample from the top layer of S802701
behaved identically to pure Na(NO3s). This sample was not analyzed further. A similar sample, S813389,
which contained greater amounts of Mg(NOs),-6H,0 (Drake 2014), was analyzed using Profile 4 (Figure
5). DSC-MS data from S813389 do not resemble those from S802701, despite its Na content

(~8.5 wt. %). The thermal behavior of this sample somewhat resembles that of Mg nitrate hexahydrate,
except that dehydration is complete in a single event. $813389 loses mass in 3 discrete steps:
endothermic dehydration (-7.15 wt. %), which onsets at 92.0 °C and peaks at 111.1 °C (though H,0
emission reaches a maximum at 195.5 °C); incipient de-nitrification (-3.72 wt. %) from 316—-394 °C, and
denitrification (-25.19 wt. %) which starts at ~¥395 °C and continues to the end of the run. The second de-
nitrification reaction was not complete when the run was terminated at 500 °C.
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Figure 4: Comparison of DSC data from pure reagent grade Na(NO;) [top], and Sample S802701 [bottom].
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68492 —S822592: Analyzed using Profile 3 to 500 °C, this sample (Figure 6) lost 43.45 wt. % in two
overlapping stages: -27.42 wt. % from 100 °C to 304.2 °C and an additional -16.03 wt. % from 304.2 °C to
500 °C. Both mass loss events were accompanied by gas releases and overlapping exothermic reactions.
The first reaction onsets between 217.0 and 227.0 °C and quickly rises to an energy peak at 254.6 °C.
This reaction corresponds to a dehydration event with concomitant lesser and approximately equal
releases of NO and CO,. The second reaction maximized at 342.6 °C and was accompanied by further
release of CO, and NO, with little or no further dehydration. As the run ended, beginning at ~¥430 °C, a
third broadly exothermic reaction initiates and is associated with further CO, release. An interesting
characteristic of this sample is the small endothermic peak at 131.2 °C, likely a second-order phase
transition in one of the solid constituents.

68645 — S818449: Between 100 °C and 500 °C, this sample (Figure 7) lost a total of 46.51 wt. % in three
overlapping stages: -9.31 wt. % from 100 °C to 248.2 °C, -13.43 wt. % from 248.2 °C to 321.2 °C, and an
additional 23.77 wt. % from 321.2 °C to 500 °C. Each of these mass losses bound corresponding,
overlapping exothermic reactions and gas release events. Onset of the first reaction occurs between
160.4 and 174.4 °C and reaches a maximum at ~216.3 °C. The product of this reaction is primarily H,O
vapor. The second reaction onsets at ~240.2 °C, peaks at 305.0 °C, and releases both NO and CO,. The
H,0 from the previous reaction is still being released at this time. The third reaction onsets at ~348.0 °C
and rises quite rapidly to a maximum at 365.5 °C. This reaction generates substantial amounts of NO and
CO,. A final dehydration produces a water peak at 377.8 °C, with little impact on the mass change curve.

69173 —S851436: Analyzed using Profile 3 to 500 °C, this sample (Figure 8) lost 44.46 wt. % in two
stages: -19.78 wt. % from 100 °C to 271.7 °C and an additional -24.68 wt. % from 271.7 °C to 500 °C. The
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first mass loss was accompanied by a very large H,0 peak (255.1 °C), with subordinate and simultaneous
releases of NO and CO,. A significant exotherm (onset temperature = 204.8 °C; peak @ 257.7 °C) occurs
simultaneously with the de-gassing reaction. Subsequent mass loss is more or less continuous. Small CO,
emissions occur at 304.4 °C and 396.2 °C, and coincide with minor endothermic peaks at 302.4 °C and
399.2 °C. Both also coincide with small mass loss events, as indicated by the DTG curve in Figure 8.

Figure 5: DSC-MS data from the top layer salt sample S813389.

Mass (wt. %)
DSC (mW/mg)

500-4— 0-5 - 100
—~ 400 .- v “lool
éi - — 90
© 300 —— N
= Y R SIS SORIRPL ., (P
B | ‘
- i o - A
200
g' Temp. (°C)
i - —DSC (MW/mg)
e Mass (wt. %)
1: —— DTG (wt. % / min.)
i I ]
0 T T I
0 10 20 30
3.0E-7+ 195.5
@ 25E-74 | =—H,0
2 1| =—NO
% 2.0E-74 —CO,
oo 1| =——NO,
& 1.5E-71
g 4
O 1.0E-7 316 - 394°C
c
k] -\/
5.0E-8 \
0.0 . —r T T T 1
0 10 20 30 40 50

Time (min.)

69139 —S864694: Between 100 and 500 °C, this sample (Figure 9) lost a total of 34.56 wt. % in four
identifiable stages: -13.33 wt. % from 100 to 280.1 °C, -10.38 wt. % from 280.1 to 336.6 °C, -7.99 wt. %
between 336.6 to 473.9 °C and an additional 2.86 wt. % from 473.9 °C to the termination of the run at
500 °C. Each of these mass losses bound corresponding, overlapping exothermic reactions and gas
release events. Onset of the first and most exothermic reaction occurs between 223.6 and 234.1 °C and
reaches a maximum at 253.2 °C. The product of this reaction is primarily H,O vapor, with lesser amounts
of NO and CO,. The second reaction onsets at ~293.6 °C, peaks at 309.8 °C and releases mostly CO, with
lesser amounts of NO and little or no H,0. The third reaction shows a broad exotherm at ~348.1 °C with
coeval releases of CO, and NO. The mass loss between 473.9 °C to the termination of the run at 500 °C
doesn’t correspond to a reaction, but is accompanied by NO emission that peaks at 473.9 °C.
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Figure 6: DSC-MS data (to 500 °C) for residual salts from LANL parent drum $822952, sample 68492.
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Monolith Samples from LANL Parent Drum $855793

Each of these samples is different, macroscopically (Figure 10), and each has a different mineralogy as
shown by X-Ray diffraction results (Martinez, et al., 2015; and Table 6). We performed a preliminary
analysis on each sample using Profile 1 (Table 3), and then each sample was re-analyzed using Profile 4.
Results from both analyses are consistent, though only the results to 500 °C (Profile 4) are discussed
here. Mass loss data does not include the loss of hygroscopic water sorbed during the interval between
sample preparation and analysis. After analysis to 500 °C, the residue was a crusty, red-brown powder
that resembles ground nutmeg in appearance. The red-brown color of the residue suggests the presence
of either red lead oxide (PbO) or Fe*" oxides and oxyhydroxides.

Monolith Sample 1 — 69120-1: XRD identified four phases in this sample. Of the four, NaNOs and
Pb(NOs), are the most abundant, while smaller quantities of Pb,(NO3),(C,04) and PbO, can be inferred
from the relative intensities of the XRD peaks. In addition, XRD analysis indicates that there is a sizable
amorphous component in this sample (Martinez, et al., 2015). The DSC results are quite complicated
(Figure 11), and the determination of onset temperatures is, in most cases, complicated by overlapping
reactions. The data show at least three exothermic peaks at 194.2 °C, 238.3 °C, and 303.6 °C, and at least
three endothermic peaks at 150.5 °C, 263.6 °C, 365.9 °C. The last of these endothermic reactions has an
onset temperature of ~¥355.0 °C. A final endotherm onsets at ~¥451 °C and has not reacted to completion
by the end of the run at 500 °C. The mass change curve is similarly complex, with up to 5 distinct mass
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loss events between 100 °C and 500 °C. The total mass loss from the 38.98 mg sample was -26.11%,
significantly less than observed from the other samples.

Figure 7: DSC-MS data (to 500 °C) for salt residue LANL parent drum $S818449, sample 68645.
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The first mass loss, -2.43%, occurs between 100 °C and 262.6 °C and corresponds to dehydration (H,0
peak at 232.3 °C). An endotherm and two exothermic peaks occur in the region, followed by an
endotherm that also peaks at 262.6 °C. Between 262.6 °C and 316.3 °C, the sample loses an additional
14.04 wt. %, exothermically (303.6 °C) accompanied by the evolution of a large amount of CO,, NO, and
NO,. Very little to no water is lost during this step, nor is any evolved during any of the subsequent gas-
release events. The next mass loss, 3.64 wt. %, occurs between 316.3 °C and 347.0 °C and corresponds
to a shoulder in the DSC curve and a discrete pulse of CO, (330.2 °C) and NO (324.7 °C). An additional
decarbonation occurs between 347.0 °C and 398.2 °C (CO, peak at 363.4 °C) is endothermic (peak at
365.9 °C), and results in a mass loss of 2.17 wt. %. A final mass loss (-3.83 wt. %) corresponds to the
endothermic trend which onsets at ~451.0 °C and continues through the end of the run. This reaction is
coeval with the release of large amounts of NO and NO,.

Monolith Sample 2 — 69120-2: Cerussite (PbCO3), sodium nitrite (NaNO,), and amorphous material are
the primary constituents of this sample, with minor amounts of NaNOs, Pb(NQs),, shannonite
(Pb,0(C03)), sodium nitrate oxide (NasO(NO,)), and magnesite (Mg(COs)). The DSC-MS results (Figure
12) from this sample are, again, quite complicated and consist of a succession of moderate endo- and
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exothermic reactions, multiple mass loss steps, and multiple gas evolution events. Over the 100 °C to
500 °C temperature interval, 69120-2 released less gas and lost less mass (total =-19.76 wt. % of 41.28
mg) than 69120-1. Endothermic reactions on the DSC curve (i.e., pointing downwards) correspond to
four of the five significant gas releases from the sample; the first onsetting at ~157.3 °C. The mass loss
curve shows at least five discrete steps at 201.1 °C, 262.1 °C, 331.1 °C, 380.3 °C, and 452.9 °C.

Figure 8: DSC-MS data (to 500 °C) for residual salt from LANL parent drum $S851436, sample 69173
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The first mass loss, -1.42 wt. %, occurs between 100 °C and 201.1 °C and corresponds to endothermic
(184.3 °C) dehydration (H,0 peak at 184.8 °C). A second mass loss event (-2.90 wt. %) occurs between
201.1 °Cand 262.1 °C, and may be related to the first of three decarbonation events, at 233.1 °C.
Decarbonation terminates in the vicinity of an exothermic reaction which onsets at 234.6 °C and peaks
at 261.6 °C. The largest magnitude mass loss, -6.09 wt. %, occurs between 262.1 °C and 331.1 °C, and
corresponds to the endothermic (307.2 °C) release of CO, and a minor amount of NO at 305.7 °C. The
next mass loss, between 331.1 °C and 380.3 °C corresponds to a third CO, release (endothermic reaction
onsetting at 340.5 °C and peaking at 347.5 °C), this time not accompanied by significant NO. The last two
mass loss events, between 380.3 °C and 452.9 °C, and from 452.9 °C to the end of the run, correspond to
NO releases at 432.5 °C, and 495.6 °C. Both of these de-nitrification reactions seem to be related to
endotherms that peak at 435.9 °C and 495.6 °C. The latter reaction onset occurs at 467.8 °C.
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Figure 9: DSC-MS data (to 500 °C) for residual salt from LANL parent drum $864694, sample 69139
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Figure 9: Residual salt monoliths from parent drum $S855793, sample 69120. See Table 7 for explanation

Sample 1 Sample 2 Sample 3
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Figure 10: DSC-MS data (to 500 °C) for residual salt from LANL parent drum $S855793, sample 69120-1 (#1). Peak
temperatures in bold text, onset temperatures are in regular text.
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Monolith Sample 3 — 69120-3: XRD results (Martinez et al., 2015 and Table 6) indicate that 69120-3 has a
similar mineralogy to 69120-1. However, DSC-MS analysis indicates that this sample’s thermal and gas
generation behavior between 100 °C to 500 °C is very distinct from that of 69120-1 and 69120-2. The
DSC-MS results (Figure 13) from this sample are less complex than observed for 69120-1 and 69120-2,
with only two large exothermic energy maxima. The mass loss and gas release spectra, however, are
very complex and indicate multiple, coeval mass loss steps and gas evolution events with increasing
temperature. From 100 °C to 500 °C, 69120-3 released far more gas and lost the most mass (total = -
40.35 wt. % of 29.66 mg) of the three salt residue samples from S855793. Unlike 69120-1 and 69120-2,
the two major exothermic reactions on the DSC curve (i.e., pointing upwards) correspond directly to the
two major gas release events from the sample. No endothermic reactions were observed over the

100 °C to 500 °C analysis interval. The mass loss curve shows four discrete steps, from 100 °C to

283.3 °C, from 283.3 °C to 333.2 °C, from 333.2 °C t0 422.0 °C, and from 422.0 °C to the end of the run.
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Figure 11: DSC-MS data (to 500 °C) for residual salt from LANL parent drum $S855793, sample 69120-2 (#2)
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The first mass loss, between 100 °C to 283.3 °C (-19.66%) corresponds to a highly exothermic reaction
which onsets between 161.7 and 166.6 °C, and peaks at 251.4 °C with a simultaneous release of copious
amounts of H,0 (248.4 °C), CO, and NO / NO,. The second large exothermic peak onsets at ~296.3 °C
and peaks at 319.0 °C, though both the 1* derivative of the mass change curve (DTG on Figure 12) and
the gas abundance data suggest that the second peak is comprised of two discrete mass change events.
Between 283.3 °C and 333.2 °C, mass changes by -10.57%. The gas released is predominantly CO,
(maximum at 309.0 °C) with lesser amounts of H,0. As this reaction winds down, a new reaction occurs
resulting in additional mass loss (-8.06 wt. %) between 333.2 °C and 422.0 °C, and liberating additional
CO, (maximum at 341.6 °C) and NO (maximum at 348.0 °C). This reaction is also exothermic, but
produces only a shoulder on the high-temperature side of the peak at 309.0 °C. To the end of the run, at
500.0 °C, further mass loss (-2.06 wt. %) is associated with the release of a small amount of CO,.
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Figure 12: DSC-MS data (to 500 °C) for residual salt from LANL parent drum $855793, sample 69120-3 (#3).
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Discussion

Pure Nitrates vs. LANL Top Layer samples

Thermal analyses of pure Na, K, and Pb nitrates and the nitrate hydrates of Mg and Fe** revealed little in
the way of reactions or potentially dangerous gas releases below 350 °C. Lead nitrate showed little
reaction of any kind, while anhydrous K(NOs) and Na(NOs) undergo mild endothermic reactions which
correspond to second order crystallographic transitions, followed by melting. As expected, the hydrous
nitrates of Mg and Fe*' respond quite differently. From room temperature to 350 °C, magnesium nitrate
hexahydrate (Figure 13) dehydrates endothermically, starting well below 100 °C, in several discrete
stages, eventually losing ~42 wt. % of its mass. A trace amount of NO is evolved at ~270.6 °C.
Dehydration of Fe(NOs);-9H,0 (Figure 2) onsets at ~46 °C, and the sample begins to de-gas NO*and NO,"
at ~110 °C. The H,0 peak reaches a maximum value between ~140 and 165 °C, while NO and NO,
emissions reach a maximum simultaneously, at ~162-168 °C. Both reactions are largely endothermic in
nature. No further reactions occur above ~200 °C, as the sample has reacted completely to a red-brown
residue, likely Fe,03 or a mixture of Fe* oxides and oxyhydroxides (Gadalla and Yu, 1990; Wieczorek-
Ciurowa and Kozak, 1999), with a total mass loss of ~71 to 76 wt. %.

Top layer salts consist largely of Na and Mg nitrates. The DSC-MS data (Table 7) from one of the top

layer salt samples, S802701 are identical to those obtained from pure NaNOs; (Figure 3). This sample was
completely soluble in H,0 and in 2% HNOs, and its trace and minor constituents include 10s to >1000
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mg/g of K, Fe, Ca, Pb, Mg, Ni, and Cr (Chamberlin and Martinez, 2014; Chamberlin et al, 2015). The
radioactive element contents of this sample are relatively low: 2*°U = 1600 ug/s; 28 = 840 ug/g; and 1
ug/g or less of 29p, 237Np, and **Am (Chamberlin and Martinez, 2014; Chamberlin et al, 2015).
Impurities of these elements at these levels appear to have no effect on the sample’s thermal
characteristics.

The other top layer salt sample, S813389, appears to be a hydrous mixture of Na and Mg nitrates with
trace amounts (e.g., 10s to 100s of ug/g) of Al, K, Ca, Fe, and Ni (Chamberlin and Martinez, 2015) but
only 9 ug/g of 28 Investigators noted the presence of brown flecks in the residue remaining after
digestion in 2% HNO3 (Chamberlin and Martinez, 2014; Chamberlin et al, 2015). XRF analyses of the
residues revealed measurable quantities of several first-row transition elements, plus Si, Ca, Ba, Ta, W,
Pb, and Pu (Chamberlin and Martinez, 2014; Chamberlin et al, 2015; Martinez et al., 2015). Heated to
500 °C (Figure 4) the sample dehydrates, emitting a single large pulse of H,O (max. temp = 195.5 °C)
followed by ‘spiky’ discharges of NO and NO, between 314 and 395 °C, possibly indicative of melting.
Above 395 °C, the sample begins to break down completely, emitting copious amounts of gaseous NO
and NO..

Though it is a mixture of Mg and Na nitrates, DSC-MS data from S813389 resembles neither those of
pure Mg(NQOs),-6H,0 (Figure 2), nor pure Na(NQ3). Like Fe nitrate hydrate, S813389 exhibits a single
dehydration event above 100 °C. However, the concomitant losses of NO and NO, at low temperature
seen in Fe nitrate hydrate are not seen in S813389. Instead, gaseous NO and NO, is liberated
independently, at much higher temperatures. The energy flow during each of these reactions is largely
endothermic. We observed only minor NO evolution from pure Mg nitrate hydrate up to 350 °C (Figure
13). However, the experimental results of Mu and Perlmutter (1982) indicate that anhydrous Mg(NOs),
begins to denitrify above ~300 °C. Though there is no data in the literature on the thermal behavior and
phase stability of mixed Na and Mg nitrate salts, Reddy et al. (2012) documented the formation of a
hybrid potassium nitrate—magnesium nitrate compound, [2KNO3-Mg(NQs),], with unique thermal
characteristics. It is possible that analogous compounds may also occur on the NaNOs - Mg(NOs), join.

Residual Salt Samples

Samples 68645, 68492, 69173, and 69139 were initially assumed to be mixtures of Pb and Na nitrates
(Table 6) with possible oxalate content, and little organic content. The DSC-MS data from these samples
(Figures 5-8) are characterized by multiple, overlapping dehydration, decarbonation and denitrification
reactions; all exothermic in nature. Coeval gas evolution and exothermic energy events correlate to
significant mass losses. These reactions may also be quite vigorous: during an early trial run of 68492
one such reaction resulted in a sudden combustion event at 255.7 °C. According to WCRRF personnel,
routine operations following waste remediation included the addition of Swheat© to the parent drums,
in order to immobilize small amounts of liquids that were left over. Thus, the possibility of
contamination of the residual salts with organic components cannot be completely ruled out.

The thermal analysis results presented here are similar to those referenced in Clark and Funk (2015),
Britt (2015) and Wilson et al. (2015). In addition, exothermic reactions were accompanied by the release
of H,0, CO,, NO and NO, during the DSC-MS analysis of five of the seven salt residue samples taken from
LANL parent drums. Heated to 500 °C, four of the residual salt samples—69120-3, 68492, 69173, and
69139—undergo exothermic reactions that peak between 253 °C and 258 °C (Table 8). Onset
temperatures of these reactions vary from 161.7 °C to 223.6 °C, and the dominant species released is
H,0, accompanied by CO, and NO. Mass losses during this reaction vary from 13.33 wt. % to 27.42 wt.
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%. The dehydration of 68645 (Figure 6) onsets at 160.4-174.4 °C and peaks at 216.3 °C, losing less than
10% of its total mass in the process (Table 7). Three of the residual salt samples (69120-3, 68645 and
69139) undergo a subsequent exothermic reaction that peaks between 305 and 320 °C and releases
primarily CO,, with some coeval NO and H,0. Mass losses during this reaction vary from 10.38 to 13.43
wt. %. Sample 68492 shows no evidence of a reaction in this temperature region, while 69173 has a
small CO, gas peak at 304.4 °C which corresponds to an endothermic peak at 302.4 °C. The latter may be
indicative of cerussite decarbonation, which is an endothermic reaction known to occur at ~310 °C at
low CO, pressures (Ball and Casson, 1975; Yamaguchi et al., 1980). Finally, three of the four samples
(68492, 68645, 69139) undergo a high temperature reaction between 342 and 366 °C dominated by the
release of CO,, with lesser amounts of NO and little to no H,0. 68492 and 68645 undergo significant
mass loss during this reaction (Table 8), while 69139 loses ~8 wt. %. Minor losses of NO and CO,, with
little or no attendant mass loss, persist above 399 °C in both 69139 and 69173.

The response of residual salts to thermal energy is analogous to combustion reactions involving an
organic component and a nitrate-based oxidizer in air (e.g., Wu and Zavarin, 1986; Biteau, 2009).
Possible exothermic reactions could include the dehydration and oxidation of the organic constituent
(starch), as well as the combustion of the organics via interaction with nitrate. The complete oxidation
and breakdown of the organic component is sustained by ambient atmospheric O,, as well as by O,
derived from the breakdown of the nitrates (Biteau, 2009):

CeH1005 - H20+ KNO3 - 6 CO> +6 H20+ K20+ N
CeH1005 -H20+6 (02 + 3.76 N2) > 6 C0O» +6 H>0+22.56 Ny

The quadrupole MS cannot resolve CO* from N,*, thus it is impossible to tell if CO" is being produced by
the incomplete oxidation via reactions analogous to:

CeH 1005 -H>0+ 12/5(KNO3) - 6 CO+6 Hp0 + 6/5(K>0) +6/5(N>)

The above exothermic reactions, from Biteau (2009), involve only K(NOs). However, a different set of
reactions, with different onset temperatures, products, and energy releases may occur when mixed
nitrate salts of Na, Al, Pb, Fe, etc. are involved.

It is difficult to infer the amount of energy released during the reactions observed in the DSC-MS,
though approximations using background values assumed ad hoc that bracket the exotherms suggest
that the total amount of thermal energy generated is between 1000 and 1500 J/g. Previous studies
indicate that thermally-activated exothermic reactions between nitrate salts and various organic
materials including cellulose (Wu and Zavarin, 1986; Pourmortazavi et al., 2009), lactose / starch
mixtures (Biteau, 2009), and cloth (Hartman et al., 2007; Scheele et al., 2005) typically onset between
150 and 200 °C and peak in the 200 — 350 °C range. The onset and peak temperatures appear to vary as
a function of experimental heating rate (Pourmortazavi et al., 2009), oxidizer (nitrate)-to-fuel (organic)
mass ratio (Scheele et al., 2007), and the age of the reacting material (Scheele et al., 2005).

Wu and Zavarin (1986) also found a positive correlation between the pH of the nitrate solution used to
treat lignocellulose and the onset temperature of the oxidation exotherm. Wu and Zavarin (1986) and
Hartman et al. (2007) also observed that reactions with nitrates of Ill and IV ions such as Fe** and Ce*'
led to markedly lower onset temperatures. Relatively few of these studies also analyzed the gases
produced by these reactions, though Scheele et al. (2007) observed that non-explosive gases such as
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CO, and H,0 were most abundant. Using FTIR spectroscopy, Biteau (2009) identified CO, aldehydes
(CH,0 and C,H;0,), formic acid (CH,0,), and low levels of N,O and NO,, in addition to H,0 and CO,.
Some of these gases persisted to higher temperatures, and N,O appeared only above 400 °C. Re-analysis
of the salt residues and the monolith samples for additional gas constituents (C,Hs, C,Hs, C3Hs: M/z = 27,
29, and 41) revealed only trace releases at these M/z ratios coeval with the major gas release events.

Table 7: Summary of DSC-MS data from 100 °C to 500 °C. Endothermic reactions denoted by blue text.

Mass
Sample Change DSC (onset/peak °C: heat transfer) Gas Peaks (°C; species; mass change)
(wt. %)
Top Layer Salts
$802701 03 Peak @ 274.6: endothermic No corresponding peak

Peak @315.5: endothermic

No corresponding peak

n.a./111.1: endothermic

No corresponding peak

S$813389 -36.06

195.5; H,0 (-7.15 wt. %)

n.a. / >395: endothermic

>500; NO, NO2 (-25.19 wt.%)

Residual Salts
217.0-226.9 / 254.6: exothermic ~250: H,0>NO=CO, (-27.42 wt.%
68492 -41.45 / . 2 2 ‘)
n.a. / 342.6: exothermic 347.0: CO,>NO (-16.03 wt.%)
160.4-174.4 / 216.3: exothermic 210.3: H,0>NO=CO, (-9.31 wt.%)
68645 -46.51 240.2 / 305.0: exothermic 302.5: NO=CO,=H,0 (-13.43 wt.%)
348.0 / 365.5: exothermic ~354: CO,>>NO (-23.77 wt.%)
69173 44 46 204.8 [/ 257.7: exothermic 255.1: H,0>>C0,=NO (-19.78 wt.%)
2 small endo. peaks @ 302.4, 399.2 Small CO, peaks @ 304.4, 396.2
223.6-234.1 / 253.2: exothermic 248.1: H,0>NO=CO, (-13.33 wt.%)
296.3 / 309.8: exothermic 308.3: CO,>NO>H,0 (-10.38 wt.%
69139 -34.56 / : 0 ‘)

n.a./ 348.1: exothermic

361.4: NO=CO, (-7.99 wt. %)

473.9: NO only (-2.86 wt.%)

Monolith Samples from drum $S855793

184.0 / 194.2: exothermic

No gas, no mass change

203.2 / 238.3: exothermic

232.3: H,0 (-2.43 wt.%)

69120-1 -26.11

285.6 / 293.1-303.6: exothermic

297.6: CO,>NO, no H,0 (-14.04 wt.%)

Shoulder in previous peak

325-330: CO,>NO, no H,0 (-3.64 wt.%)

355.0 / 365.9: endothermic

363.4: CO; only (-2.17 wt.%)

~451.0 / >500: endothermic

>500: NO only (-3.83 wt.%)

157.3 / 184.3: endothermic

184.8: H,0 only (-1.42 wt.%)

233.1: CO; only (-2.90 wt.%)

69120-2 -19.76

234.6 / 261.6: exothermic No gas

n.a./ 307.2: endothermic 305.7: CO,>NO, no H,0 (-6.09 wt.%)
n.a./ 328.1: exothermic No gas

340.5 / 347.5: endothermic 347.5: CO; only (-2.72 wt.%)
n.a./ 378.8: exothermic No gas

n.a./ 435.9: endothermic

432.5: NO only (-2.38 wt.%)

467.8 / 497.6: endothermic

495.6: NO only (-4.19 wt.%)

161.7-166.6 / 251.4: exothermic

248.4: H,0>NO=CO, (-19.66 wt.%)

296.3 / 319.0: exothermic

314.0: CO,>NO (-10.57 wt.%)

69120-3 -40.35

Shoulder in previous peak

348.0: NO=CO, (-8.06 wt.%)

Slight rise <500: exothermic

461.9: CO; only (-2.06 wt.%)
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Finally, onset temperatures may also vary with salt composition, as different combinations of nitrate
salts will have eutectic compositions that liquefy well below the melting point of the pure end-members.
Chemical analyses (Chamberlin and Martinez, 2015) indicate that the residual salts are primarily
mixtures of Pb and Na nitrates, with smaller amounts of Mg, Al, and Ca nitrates (Table 8).

Table 8: Nitrate composition and exothermic onset temperatures for the four residual salt samples.

sample Pb (Wt. %) | Na (Wt.%) | Mg (Wt. %) | Al (Wt. %) Ca (Wt. %) Onset (C°)
68492 21.7 2.73 0.18 0.33 0.26 217.0-226.9
68645 18.9 1.61 3.28 2.12 0.27 160.4-174.4
69173 42.0 1.39 0.74 0.74 0.16 204.8
69139 24.2 3.72 0.21 0.60 0.25 223.6-234.1

The sample with the lowest onset temperature, 68645, also has the most diverse nitrate salt
compositions, with >1.0 wt. % each of Na, Mg, and Al nitrates and nitrate hydrates, and a lower Pb
nitrate content. The melting points of Pb, Na, Mg, Al, and Ca nitrates (or nitrate hydrates) are, in °C: 270
(Pb), 308 (Na), 88.9 (Mg nitrate hexahydrate) or 129 (Mg nitrate dihydrate), 73.9 (Al nitrate
nonahydrate), and 42.7 °C (Ca nitrate tetrahydrate), respectively. Though data on the eutectic
compositions for the various binary, tertiary, and higher-order mixtures of these nitrate salts is lacking in
the scientific literature, it seems likely that higher contents of the hydrated forms of the divalent and
trivalent nitrate salts would tend to lead to lower eutectic temperatures. Nitrate salts, liquefied at lower
temperatures, may then react more readily with the organic components in the residual salts. This could
also lead to lower onset temperatures for the exothermic oxidation of the organics by nitrates.

In summary, the thermal behavior of the four residual salt samples (68645, 68492, 69173, 69139) is
broadly similar, characterized by exothermic dehydration / decarbonation / denitrification reactions
having onset temperatures between 160 and 235 °C. Subsequent higher temperature exothermic
reactions have onset temperatures between 240 and 350 °C, and release primarily CO, and NO,.

Residual Salt Monoliths from Parent Drum S855793

A third set of samples (69120-1, 69120-2, and 69120-3, see also Figure 10) has a much more diverse
mineralogy than the other salt residue samples (Martinez et al, 2015). The DSC-MS data from these
samples are also very complex. Sample 69120-1, though primarily composed of a mixture of Na and Pb
nitrates, also contains lead nitrate oxalate, Pb,(NO3),(C,0,) and lead oxide, PbO,. Results from previous
studies on the thermal behavior of the constituent compounds identified by XRF are summarized in
Table 8. Results of the DSC-MS analysis reveal a complex succession of moderate endothermic and
exothermic reactions an order of magnitude less vigorous than those observed during the analysis of the
residual salts. Gas release is strongly dominated by CO, emission, with lesser amounts of NO and almost
no H,0 above ~300 °C.

Thermal analysis of lead nitrate oxalate hydrate, (Boudaren et al., 2001) shows that—after dehydration
below 150 °C—the nitrate oxalate breaks down into three phases: lead nitrate Pb(NOs),, anhydrous lead
oxalate PbC,0,4, and amorphous, anhydrous Pb,(NO3),(C,0,4). Boudaren et al. (2001) postulate that the
crystallization of anhydrous Pb,(NO3),(C,0,) occurs between 162 °C and 180 °C, as evidenced by a small
exothermic peak with no attendant mass change in this region. In sample 69120-1, a similar
transformation could be responsible for a small exothermic peak which onsets at 182.0 °C and peaks at
194.2 °C. Pb,(NO3),(C,0,4) then breaks down below 200 °C into Pb(NOs), and PbC,0,, both of which, in
turn, break down rapidly between ~260 °C and 280 °C, resulting in a significant mass loss. Significant
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mass losses occur in both monolith samples 69120-1 and 69102-2 over the same temperature range.
Boudaren et al. (2001) further speculate that an exothermic peak at 315-320 °C accompanying the
breakdown of lead oxalate into Pb,0CO3; may instead result from the oxidation of CO emitted by the
sample. Both Pb nitrate and oxalate break down into ever more complex mixed oxynitrates and
oxycarbonates which then break down into various Pb oxides (Boudaren et al., 2001). The intermediate
compound, PbgOs(NOs),, for example, persists to ~335 °C, yielding a mixture Pb,03; and PbO.

Table 9: Thermal properties of the mineral constituents of salt residues from parent drum S855793 (samples
69120-1, 69120-2, and 69120-3).

T Tho
Constituent met ol Characteristics
(€) (c)
NaNO, 308 380 Melts, then decomposes to NaNO,, releasing O,
NaNO, 271 - Decomposes in air above 320 °C: 2NaNO;, - Na,0 + NO + NO,
NazONO, -- -- No data — extremely hygroscopic, breaks down to NaNOs, NaOH, and/or
Na,(COs) upon exposure to air
M&CO Anhydrous: decomposes above 350 °C: MgC0O3; > MgO + CO,
8L0s Hydrous: dehydrates between 157 °C and 179 °C depending on degree
of hydration
Pb(NO;), 270 - Decomposes in air above ~300 °C: 2Pb(NOs), - 2Pb0O + 4 NO, + O,
PbCO; -- -- Decomposes in air above ~200 °C: 2Pb(CO3) = Pb,0CO; + CO,
Further decomposition above~310 °C: Pb,0CO3; = 2PbO + CO,
Dehydrates 100-150 °C; then breaks down into Pb(NO3s), + PbC,0, +
Pb,(N C -2H .
2(NOs);(C,04)-2H,0 complex Pb nitrate & carbonate oxysalts. PbC,0, decomposes between
310-315°C
PbO, - - Decomposes above 290 °C: PbO;, - Pb1,0.9 & Pb1,0,7 & Pb30, - PbO
First at 290 °C, second at 350 °C, third at 375 °C and fourth at 600 °C
Pb,OCO A thermal decomposition product of cerussite (e.g., Ware and Bayliss,
S 1962; Grisafe and White, 1964; Pring, et al., 1990), Pb,0CO;
decomposes above~310 °C: Pb,0CO3; - 2Pb0O + CO,

Sample 69120-1 displays a variety of thermochemical trends similar to those noted above. There is
significant mass loss between 262.6 °C and 316.3 °C, accompanied by the emission of copious amounts
of CO, and NO (but no H,0). Two exothermic peaks occur within this temperature range, at 293.1 °C and
303.6 °C. The latter has a ‘shoulder’ on its high-temperature leg indicative of an additional reaction
(Figure 10) which likely corresponds to the release of NO and CO, between 324 — 330 °C. These
phenomena may mirror the combined effects of the decarbonation of lead oxalate and the breakdown
of PbgOs(NOs), observed by Boudaren et al. (2001). However, the signal at m/z=16 (Figure 11) rises in
parallel with CO, between 262.6 °C and 316.3 °C. If the signal at m/z=16 is indicative of oxygen, even as a
fragment ion of CO, or NO, (in the near total absence of H,0), it would follow that no oxygen-consuming
reactions—such as the oxidation of CO—are taking place in this temperature interval. However, it is
also possible that the amount of CO generated by the reaction is miniscule, or that the signal at m/z=16
could also indicate the evolution of isobars such as CH," or NH,". Unfortunately, we can only speculate
on the significance of Pb,(NO3),(C,04) breakdown vis a vis the thermochemistry of sample 69120-1 as
guadrupole mass spectrometry offers no way to evaluate CO emission, which is completely obscured by
ambient N,. A final CO, peak at 363.4 °C corresponds to a mass loss of 2.17% (Figure 10), and may be
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related to the breakdown of PbC,0, (Gavris et al., 2010) produced, in turn, by the breakdown of the
mixed oxalate-nitrate. The sample begins to denitrify above 451 °C, much like the top layer salt sample
$813389.

The DSC-MS results from sample 69120-2 (Figure 11) are similar in many respects to those of 69120-1,
despite its more diverse mineralogy. XRD data revealed the presence of cerussite (PbCO3), and sodium
nitrite (+ amorphous material) as primary constituents, with minor amounts of NaNOs, Pb(NOs),,
shannonite (Pb,0(C0s3)), sodium nitrate oxide (Na3O(NO;)), and magnesite (Mg(COs)). Unlike 69120-1,
the endothermic dehydration of 69120-2 at ~184 °C yields a copious amount of H,0, though little to no
water is released at higher temperatures. The CO, peaks at ~¥305.7 °C and 347.5 °C correspond to
endothermic peaks and may represent the decarbonation of cerussite and magnesite, respectively, and
possibly the breakdown of PbC,0, (e.g., Gavris et al., 2010) though the latter may appear exothermic
due to the oxidation of the emitted CO. The melting of NaNO; and/or the breakdown of sodium nitrite
and lead nitrate may be responsible for the broad NO peak at ~310 °C. Experiments by Bauer et al.
(2009) show that molten Na nitrate reacts with graphite, resulting in the emission of both NO and CO,
above 300 °C. A similar phenomenon may facilitate the release of NO in this sample at ~310 °C, though
the large NO peaks at 432.5 °C and 495.6 °C corresponding to endothermic reactions at 435.9 °C and
497.6 °C show no coeval CO, emissions. Thus it seems possible that the high-temperature NO peaks are
related to the final breakdown of Pb and Na nitrates into their corresponding oxides.

Studies of Pb(NOs), by Vratny and Gugliotta (1963), and Cram and Davies (1976) indicate that its thermal
decomposition proceeds in a stepwise manner over a very broad temperature range (<100 °C — 555 °C),
with each reaction releasing NO, NO, and O, in varying proportions until all that remains is Pb,03; and/or
PbO,. In particular, the ‘Stage 5’ and ‘Stage 6’ breakdown of Pb oxynitrates postulated by Cram and
Davies (1976) fall close to the peak temperatures observed for high temperature NO emission from
69120-2. Conversely, both Jackson et al. (1995) and L'vov and Novichikhin (1995)—working with a small
volume of Pb(NOs), solution deposited on graphite—observed a large NO peak at ~375 °C during
Pb(NOs), breakdown, which was not seen in this study. Performing a similar experiment, with similar
starting materials, Jackson et al. (1995) also observed smaller NO peaks at ~440 °C and ~480 °C. Hoshino
et al (1981) and Radhakrishnan Nair (1988) show that the activation energy and onset temperatures of
the thermal breakdown in both NaNO; and Pb(NOs), decrease in the presence of metal oxide catalysts
such as TiO,, Al,03, Cu,0, and MnO,.

Unlike 69120-1 and 69120-2, monolith sample 69120-3 (Figure 12) displayed completely different
properties in response to thermal analysis, in terms of reactivity, mass loss, and gas release. In short,
despite its mineralogical similarities to 69120-1 (Na and Pb nitrates, plus small amounts of PbO, and
Pb,(NO3),(C,0,) ) its response was very similar to that observed in samples 68645, 68492, 69173, and
69139 (Table 7). This may simply indicate that 69120-3 contains a larger organic load than either 69120-
1 or 69120-2, and its thermal profile is thus dominated by exothermic outgassing and combustion of an
organic constituent in the presence of nitrates. The markedly lower onset temperature of the first
exothermic combustion reaction, (161.7 — 166.6 °C) is similar to that observed in 68645. Unlike 69120-1
and 69120-2, which showed little CO, emission above ~375 °C and continued to outgas NO, to 500 °C,
69120-3 showed significant CO, emission at high temperature, suggesting a greater organic content,
overall. The lack of significant NO and NO, outgassing above ~400 °C was also characteristic of three of
the four residual salt samples: 69173, 68645, and 68492.
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The Significance of Sodium Nitrite and Shannonite

It should be noted that several of the compounds identified by XRF (Martinez et al., 2015) in the
monolith samples may be produced during various stages of the thermal decomposition of NaNO; and
PbCOs;. Sodium nitrite (NaNO,), lead dioxide (PbQ,), and the lead oxycarbonate shannonite (Pb,0COs)
were identified in the monolith samples. Sodium nitrite, also a possible primary constituent within the
top layer salts, is a common product of the thermal decomposition of sodium nitrate (e.g., Kramer, et
al. 1982), though the temperature of the nitrate-to-nitrite reaction is dependent on multiple factors.

In nature, lead dioxide and lead oxycarbonate are rare, but may form during the thermal decomposition
of cerussite (e.g., Warne and Bayliss, 1962; Grisafe and White, 1964). Pring, et al. (1990) identified the
mineral form of Pb,0CO;, shannonite, in loose fill material from a lead mine in New South Wales,
Australia where it formed pseudomorphs after well-formed cerussite crystals. This fill material was
heated to <390 °C during a well-documented underground mine fire early in 1906. If the cerussite in the
waste drum formed as a result of the interaction between oxalic acid and the Pb metal drum shielding,
the possibility of a precursor thermal event before the drum was emptied to create drum 68660, may
warrant further inquiry.

CONCLUSIONS

In FY2015, MET-1 and NCO-4 were contracted to perform Differential Scanning Calorimetry coupled with
guadrupole Mass Spectrometry (DSC-MS) analyses as part of the analytical chemistry effort in support of
the investigation of the WIPP Waste Drum failure that occurred on Valentine’s Day, 2014. Initially, we
examined the thermal behavior of pure, reagent-grade nitrate salts (Na, Pb, K) and nitrate salt hydrates
(Fe and Mg) in order to identify the possible waste constituents, which would be most likely to release
NO, at low temperatures. We followed this study up with systematic analyses of four samples sent to us
by C-AAC: 2 top layer salts, four residual salts sampled from otherwise empty parent waste barrels that
were related in terms of content and time to the salt wastes placed into the drum (68660) that heated
and pressurized, and further set of 3 salt residue monolith samples from a single parent drum, S855793,
which was a precursor to drum 68660.

The results of these analyses ultimately pose more questions than they answer. However, from the
limited set of data available at this time, we can derive several pertinent conclusions:

1) Of the pure nitrate samples analyzed, only Fe*" nitrate hydrate releases NOy below 200 °C when
heated.

2) The thermal behavior of NaNOs, when mixed with low levels (***U = 1600 ug/g; 28 = 840 ug/g;
and 1 ug/g or less of 29py, B’Np, and *'Am) of radioactive constituents, appears to be identical
to that of the pure, unadulterated salt.

3) The thermal response of mixed nitrate salts (e.g., Na + Mg nitrate) is very different from that of
the pure end-members.

4) Chemical transformations in nitrate salts and calcium oxalate are endothermic. However, the
reactions observed in 5 of the 7 salt residue samples were strongly exothermic, with onset
temperatures >160 °C.

5) Exothermic reactions observed in the salt residues release H,0, CO, and NO,, and strongly
resemble those commonly observed in combustion reactions involving mixtures of nitrates and
organics.
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6) The mineralogy and, to a lesser extent, the thermal behavior of two samples, 69120-1 and
69120-2, suggests that they may have experienced heating and decarbonation prior to the
initiation of thermal analysis.

Samples for thermal analysis by DSC-MS were first dried to 110 °C and ground into fine powders to
reduce sampling bias. Thus, this effort was inherently not as effective as hoped in terms of identifying
which waste phase could have self-heated or ignited at ambient temperatures. However, the
conclusions listed above lay the groundwork for follow-on studies.
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ADDENDUM

DSC-MS Analysis of Mixtures of Tri- and Divalent Nitrate Hydrate Salts and Oxalic Acid
Following the compilation and synthesis of the DSC-MS data for pure nitrates, top layer salts, residual
salts, and residual salt monoliths from unremediated LANL parent drums, we decided to explore the
thermal response of oxalate / nitrate mixtures to determine if the carbon contributed by the oxalate (as
crystalline oxalic acid hydrate) would react exothermically with gaseous NO, emitted during the thermal
breakdown of trivalent and divalent nitrate hydrates of Al and Fe(lll). This would presumably involve the
cleavage of the C-C bond in oxalic acid, a C2 compound, to form CO,. Little work has been documented
on the nature of reactions between oxalates (or oxalic acid) and nitrate salts at high temperature.
Kubota (1982) reports the Mn-catalyzed breakdown of oxalate ions in HNO; solutions below 100 °C.

Oxalic acid is commonly manufactured by the oxidation of carbohydrates with nitric acid. Pure,
anhydrous oxalic acid melts and decomposes at 187 °C, though it begins to sublimate slightly below
100 °C. The dihydrate, if heated rapidly, melts at 101.5 °C. If heated slowly, it dehydrates to the
anhydrous form at the same temperature. Upon heating, oxalic acid decomposes to formic acid, carbon
monoxide, carbon dioxide, and water (Sawada and Murakami, 2000).

Pure reagent-grade oxalic acid hydrate, and Al and Fe(lll) nitrate hydrates were obtained from LANL's M-
7 group. Samples were prepared by weighing equimolar masses of each nitrate hydrate and oxalic acid
hydrate and grinding each pair to a fine powder using a clean agate mortar and pestle. Additionally, two
samples utilizing a 10:1 mixture of Al nitrate hydrate and oxalic acid were analyzed. A small quantity (10
— 40 mg) of each mixture was transferred, using a stainless steel spatula, into a clean platinum-rhodium
(Pt-Rh) STA pan, placed on the DSC carrier and covered with a pierced Pt-Rh lid. When mixed with oxalic
acid, Fe(lll) nitrate hydrate spontaneously sorbed water and turned into a canary-yellow paste. The DSC-
MS run described here used the hydrated paste as the starting material. In the dry air glovebox
environment, the remaining unanalyzed paste dehydrated and turned into a dull yellow powder in a
matter of hours.

During analysis, ambient glovebox conditions were: temperature (T) = 25 to 30 °C, relative humidity
(%RH) = 0.0 — 1.0%. Pre-run baseline values varied from approximately -5.5 to -4 uV. For all nitrate /
oxalic acid mixtures, temperature Profile 4 was used (Table 3) and the run was stopped manually at
500 °C. Unless otherwise indicated, all other analytical parameters for the nitrate/oxalate acid samples
were identical to those used for the analysis of the samples described in the main body of this report.

nitrate nonahydrate and oxalic acid dihydrate are (Figure 13), as one would expect, dominated by the
thermal behavior of the nitrate itself. In the first sample, run immediately after mixing, endothermic
melting (onset = 45.3 °C) and dehydration (onset = 107.3 °C) reactions dominate below ~210 °C; the
latter releasing copious amounts of H,0 (peak = 123.8 °C) and minor amounts of NO. These reactions
run to completion at ~190 °C, at which point the mixture has lost 55.72% of its initial mass. Three
subsequent reactions, one mildly endothermic and two mildly exothermic release mostly NO and CO, in
varying amounts. The first onsets at 212.9 °C, releasing both NO (peak = 217.2 °C) and CO,

(peak =214.9 °C), and corresponds to a further mass loss of 10.53 wt. %. The two exothermic peaks
onset at 282.3 and 326.2 °C and both release CO,. These reactions result in additional mass losses of
10.62 wt. % and 5.10 wt. %, respectively.
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Figure 13: DSC-MS data (to 500 °C) for 10:1 molar mixture of Al(NO3);-9H,0 and oxalic acid.
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A duplicate sample run several hours later (Figure 13) yields results that are slightly different in several
respects. Melting onsets at a higher temperature (68.5 °C), and dehydration occurs in two discrete H,0
pulses which peak at 113.8 °C and 151.1 °C. The small endothermic peak also onsets at a slightly higher
temperature (232.2 °C) and is barely visible, as do the two CO,-emitting exothermic reactions. Gas
releases follow a similar sequence, however, with minor NO emission coeval with dehydration, followed
by three discrete pulses of CO,, the first of which is accompanied by significant NO emission. Mass losses
in this sample were nearly identical: -56.14 wt. %; -10.68 wt. %; -10.15 wt. %; and 6.02 wt. %.

equal molar ratio with the aluminum nitrate nonahydrate, the behavior of the sample at temperatures
below ~200 °C is, again, dominated by the thermal response of Al(NO3);-9H,0 to increasing temperature
(Figure 14). Endothermic melting onsets at 45.8 °C, followed by multiple dehydration events (H,O peaks
at 147.5 °C and 199.4 °C), the first of which releases both NO and CO,. A subsequent dehydration
releases a greater amount of CO,, indicating that the oxalic acid is also beginning to break down. Though
there may be as many as four discrete H,0 peaks, mass loss proceeds in 2 easily-resolvable steps:

-46.52 wt.% complete at 161.8 °C and a further -36.37 wt. % complete at 230.1 °C. Above ~230 °C, the
enthalpy plateaus close to 0 to ~300 °C, where an exothermic reaction releasing only CO, onsets at
330.3 °C. This final CO, release corresponds to a mass loss of 8.70 wt. %. A second exothermic peak that
follows the first may be indicative of CO oxidation, as the oxygen concentration of the offgas drops
precipitously, immediately prior to the development of this peak (Figure A2).
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A duplicate sample run several hours later produced somewhat different results, though melting onsets
at a higher temperature (63.5 °C), and dehydration occurs in two discrete H,O emissions which peak at
117.8 °C and 207.7 °C, each accompanied by a discrete endothermic reaction. Mass loss after the first
dehydration is 15.63 wt. %, and a further 68.68 wt. % is lost after the second dehydration, which is
complete at ~236 °C. Unlike the initial run, significant amounts of CO, and NO are also released during
the second dehydration reaction. Additional CO, and O are evolved during a significant exothermic
reaction which onsets at 353.3 °C. The final CO, release corresponds to a mass loss of 9.04 wt. %, and
lacks the ancillary CO oxidation peak.

Figure 14: DSC-MS data (to 500 °C) for 1:1 molar mixture of AI(NO;);-9H,0 and oxalic acid.
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nitrate nonahydrate produces results which are quite similar to those seen in the equimolar mixture
with aluminum nitrate nonahydrate. Below ~230 °C, the most significant features consist of the
endothermic melting and multi-step dehydration of the ferric nitrate (Figure 15). These reactions are
immediately followed by a broad, plateau-like exothermic reaction which onsets at 231.7 °C and peaks
at 268.6 °C. This reaction is complete at ~¥324.8 °C, and is dominated by CO, release. The release of
formic acid (CO,H,) between ~210 and 230 °C is evident by the decoupling of the NO peak from the peak
at m/Z = 46, which corresponds to NO, for most of these analyses. Here, the rise of m/Z=46 tracks the
evolution of H,0, H,, and CO, produced by the possible breakdown of ferrous oxalate, rather than that
of NO (Figure 16).
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Discussion: Oxalic - Nitrate mixtures

The few experiments run using mixed trivalent nitrate salts and oxalic acid indicate that oxalic acid is not
oxidized exothermically by NO, released as the nitrate breaks down. Instead, the oxalic acid breaks
down exothermically at higher temperatures, releasing formic acid, CO,, CO, and H,0. As with pure
nitrate salts, the enthalpy profile of these mixtures below ~210 °C is dominated by endothermic phase
changes, dehydration / denitrification reactions and the formation of metal oxalates.

Figure 15: DSC-MS data (to 500 °C) for 1:1 molar mixture of Fe(NOs);-9H,0 and oxalic acid.
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The persistence of oxalate in some form in the Al nitrate/oxalic acid is suggested by the exothermic
reactions which onset at ~¥330-360 °C. Though pure oxalic acid breaks down below 200 °C, Palaniappan
(1995) also noted a the occurrence of a broad exotherm above 210 °C in mixtures of oxalic acid and
polyaniline salts which was attributed to the breakdown of the oxalic acid. Broadbent, et al (1967)
observed exothermic peaks just below 300 °C in ferrous oxalate heated in air. When heated in nitrogen,
the same compound yielded a flat-topped plateau in the same temperature range that resembles the
one seen in Figure 15, above. Other transition metal oxalates decompose to CO,, CO, H,0 and the
corresponding metal oxide in air between ~240 and 460 °C (Mohamed et al, 2005). For ferrous oxalate
hydrate, Mohamed et al. (2005) observed an exothermic peak at 244 °C, which coincided to the
compound’s breakdown into iron oxides. In the case of the aluminum nitrate / oxalic acid mixtures, the
formation of aluminum oxalate during the breakdown of the nitrate and oxalic acid seems likely, as
other investigators (e.g., Kumar Saha and Pramanik, 1994) have noted that aluminum oxalate reacts
exothermically, breaking down at ~375 °C.

80



SIMULTANEOUS THERMAL ANALYSIS OF WIPP AND LANL WASTE DRUM SAMPLES: A PRELIMINARY REPORT

Figure 16: Decoupling of m/Z=46 from m/Z=30, indicative of formic acid evolution during Fe3+ oxalate breakdown at ~220 °C
in the Fe(NO3);-9H,0 / oxalic acid mixture.
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LOS ALAMOS NATIONAL LABORATORY CHAIN OF CUSTODY
ANALYTICAL CHEMISTRY ,
Sample Management: DG NV \ 0 rke‘& e \\3/No ‘&//A 4/'7/10f(0
Print Name Signature Date
Sample Submitter l\amc{ Custnd3 Container Discrepancy
Lab¥are Sample No. Sample No. Seal/TID Intact Record Comments
Intact (Y/N) Initiated
(Y/N) (Y/N)
OGN O oONoOG@l o : \{
¢ |SEWB SIS ) [SEw B B-1S - Al
0O\ _ .
SsywBg-15-2 | Y
SEwBY 1S 4
Relinquished by (Print name and sign) Received by (Print name and sign)
; Doivn Poclevhield
Print Name: 6 ool gi’?’ wn zit 1144 I3 Print Name: z#:  )1370 9074

Signamre/%/%‘bpu.\/ﬁgﬁateﬂ‘ime: "‘f/""/’é @07 Sig,nature;a‘i . Date/Time: "‘/"7/"-"
i (5,8 . v \'e a[ )
Print Natn?e?mv ot 1370 947 e Prim"lg;r'r‘l/é?(m WQ’V’A z#: [/367Y

G97 AN
SignaturQM Date/Time: “‘/7/"'"’*‘ 4 Signa

Date/Time: - 7-/ ¢

Print Name: Z#: Print Name: Z#:

Signature: Date/Time: Signature: Date/Time:
Print Name; Z#: Print Name: Z#:

Signature: Date/Time: Signature: Date/Time:

QA-38, Att. A, Form 1, R1 (November 2015) Page 1 of 2
- . - - )
YI;-’\,), AéC\j C‘er/ = L’/EL—’"(_T / p] f‘fﬂ e D/ YA 7{] G 8 é 1 g
Analytical Chemistry (F) / O 1// K /Q M/' QA-38,R.0

Los Alamos National Laboratory Page 10 of 13
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ATTACHMENT A - Chain of Custody (page 2 of 2)

LabWare Sample No:

Relinquished by (Print name and sign) Received by (Print name and sign)

Print Name: Z#: Print Name: Z#:
Signature: Date/Time: Signature: Date/Time:
Print Name: 7#: Print Name: Z#:
Signature: Date/Time: ____Signature: Date/Time:
Print Name: Z#: Print Name: Z#:
Signature: Date/Time ~ Signature: Date/Time:
Print Name: Z#: Print Name: Z#:
Signature: Date/Time: Signature: Date/Time:
Print Name: Z#: Print Name: Zi#:
Signature: Date/Time: Signature: _Date/Time:
Print Name: Z#: Print Name: Z#:
Signature: Date/Time: - Signature: Date/Time:
Remarks:
Disposed to Residue by:
Print Name: Z#: Signature:
Residue Number: Date/Time:
QA-38, Att. A, Form 1, R1 (November 2015) Page 2 of 2
Analytical Chemistry QA-38,R.0
Los Alamos National Laboratory Page 11 of 13
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ATTACHMENT A - Chain of Custody (page 1 of 1)

LOS ALAMOS NATIONAL LABORATORY CHAIN OF CUSTODY
ANALYTICAL CHEMISTRY
Sample Management: Do ni vea ?ﬁi’%ﬂvg\iﬁ \ d 113716 ._L/ﬂ/u k//“ /7‘0" e
Print Name Z# Signature Date
Sample Submitter Name/ Custody Container Discrepancy
LabWare Sample No, Sample No. Seal/TID Intact Record Comments
Intact (Y/N) Initiated
(/) (Y7N)
SFYwW B8-S~ X
O ilil
SYwBg-is-72
oN 1l (e A
SFW By-15-4 \{
oy it
Relinquished by (Print name and sign) Received by (l’rlnt name and sign)
. Doniven Pylevi end
Print Name:é&?# gmm z4: 115513 Print Name; __ \ v% 4. 137w

4//1/1015

Print Name:

Signature; fv'&ﬂ Dalef'l‘l e: f12/lc §58 Sl;,nalurﬁ’///f/"é"\ Date/Time: §'3°S

S0 e~
Date/Time: 4!1_‘/-"0)"

Signatur
Print Name: Z#: Print Name: Zi#:
Signature: Date/Time: Signature: Date/Time:
Print Name: Z#: Print Name: 7#:
Signature: Date/Time: Signature: Date/Time:
QA-38, Att. A, Form 1, R1 (November 2015) Page 1 of 2
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LabWare Sample No:

ATTACHMENT A - Chain of Custody (page 2 of 2)

Relinquished by (Print name and sign)

Received by (Print name and sign)

Print Name: Z#: Print Name: Z#:
Signature: Date/Time: ___ Signature: Date/Time:
Print Name: Z#: Print Name: Z#:
Signature: Date/Time: __Signature: Date/Time: N
Print Name: Z#: Print Name: Z#:
Signature: Date/Time: __Signature: Date/Time:
Print Name: Z#: Print Name: Z#:
Signature: Date/Time: Signature:; Date/Time:
Print Name: Z#: Print Name: Z#:
‘Signature: Date/Time: _Signature: Date/Time:
Print Name: Z#: Print Name: Z#:
Signature: Date/Time: _____Signature: Date/Time:
Remarks:
Disposed to Residue by:
Print Name: Z#: Signature:
Residue Number: Date/Time:
QA-38, Att. A, Form 1, R1 (November 2015) Page 2 of 2

Analytical Chemistry

Los Alamos National Laboratory
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DTA/DSC Calibration Set for Pt crucibles

NETZ5CH

Werksbescheinigung / Manufacturer’s Certification

nach / in accordance with
DIN 51007, ASTM E 967 / DIN EN 10 204 - 2.1
DTA/DSC-Kalibrierset fiir Pt Tiegel

Ausstelldatum / Date of Issue:

Bestell-Nr. / Order - No:

21.10.2014
6.223.5-91.2.01

Hersteller-Serien-Nr. / Series-No: 14670
Kommission / Commission: 216042070
Temperaturbereich / Temperature range 69,2°C
Kalibriersubstanz / Calibration substance 500 mg
Theoretische | Theoretische
Umwandl.- Umwandl.- Mindest-
] chem. Reinheit | Temperatur enthalpie Haltbarkeit Quellen-
Be::‘?h'?":,"g Zeichen Purity Theoretical | Theoretical Chirgte; =N Min. angabe
atena Formula (%] Transform.- | Transform.- 0. Durability Reference
temperature | enthalpy a1
T[°C] AH[J/g]
Bipheny! / Bipheny! | C12H10 99,5 69,2 -120,5 12905BHV 10/2019 | T=[13], AH=[14]

*! bei Veranderung der angegebenen Werte oder Verdacht auf Kontamination bitte sofort erneuern!
renew please immediately on change of the indicated values or suspicion on contamination!

Literatur:

[13] U.Schiey, PTB-Mitteilung 89 (1979)13-21
[14] U. Ueberreiter und H.-J. Orthmann, Z. Naturforschung Teil A, 5 (1950) 101 — 108

Gemaf DIN 51007 ist fur die Kalibrierung von Dynamischen Differenz-Kalorimetern (DDK)
die Kristallumwandlung bzw. das Schmelzen geniigend reiner Substanzen zu verwenden.

Eingesetzt werden Kalibriersubstanzen mit bekannter Umwandlungstemperatur und

Umwandlungswarme. Das oben genannte Material ist dafiir geeignet.

According to German standard DIN 51 007, the polymorphic transition or the melting or

sufficient pure substances must be used for the calibration of Dynamic Scanning
Calorimeters (DSC) and Differential Thermal Analyzers (DTA). As a rule calibration materials
with well known transition temperature and heat of transition should be used. The above

material is suitable.

NETZSCH-Gerdtebau GmbH

Dr. Thomas Denner
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DTA-DSC / EF500 / 6.223.5-91.2-01 / Biphenyl
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NETZSCH

Werksbescheinigung / Manufacturer’s Certification

nach / in accordance with

DTA/DSC-Kalibrierset fiir Pt Tiegel

Ausstelldatum / Date of Issue:
Bestell-Nr. / Order - No:

DTA/DSC Calibration Set for Pt crucibles

DIN 51007, ASTM E 967 / DIN EN 10 204 - 2.1

21.10.2014
6.223.5-91.2.02

Hersteller-Serien-Nr. / Series-No: 15227
Kommission / Commission: 216042070
Temperaturbereich / Temperature range 122,4°C
Kalibriersubstanz / Calibration substance 500 mg
Theoretische | Theoretische
Umwandl.- Umwandl.- Mindest-
. chem Reinheit | Temperatur enthalpie Haltbarkeit Quellen-
el Zeichen | Purty | Theoretical | Theoretical | CParGen-Nr Min angabe
aicha Formula [%] Transform.- | Transform.- o Durability Reference
temperature |  enthalpy «1
T Gy AH[Jig]
Benzoesaure / C6H5CO
Benzoic acid OH 99,5 1224 -147 4 21111 10/2019 [12]

*!' bei Veranderung der angegebenen Werte oder Verdacht auf Kontamination bitte sofort erneuern!
renew please immediately on change of the indicated values or suspicion on contamination!

Literatur:
[12] W.F. Hemminger, H.K. Cammenga: Methoden der Thermischen Analyse, Band XXIV

Gemal DIN 51007 ist fur die Kalibrierung von Dynamischen Differenz-Kalorimetern (DDK)
die Kristallumwandlung bzw. das Schmelzen genligend reiner Substanzen zu verwenden.
Eingesetzt werden Kalibriersubstanzen mit bekannter Umwandlungstemperatur und
Umwandlungswéarme. Das oben genannte Material ist daflir geeignet.

According to German standard DIN §1 007, the polymorphic transition or the melting or
sufficient pure substances must be used for the calibration of Dynamic Scanning
Calorimeters (DSC) and Differential Thermal Analyzers (DTA). As a rule calibration materials
with well known transition temperature and heat of transition should be used. The above
material is suitable.

i Gerdtep
NETZSCH-Gerétebau GmbH Sty
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Dr. Thomas Denner

DTA-DSC / EF500 / 6.223.5-91.2-02 / Benzoesiure Seite/Page 1 von/of 1
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NETZ5CH

Werksbescheinigung / Manufacturer’s Certification

nach / in accordance with

DIN 51007, ASTM E 967 / DIN EN 10 204 - 2.1

DTA/DSC-Kalibrierset fiir Pt Tiegel
DTA/DSC Calibration Set for Pt crucibles

Ausstelldatum / Date of Issue: 21.10.2014
Bestell-Nr. / Order - No: 6.223.5-91.2.03
Hersteller-Serien-Nr. / Series-No: 14859
Kommission / Commission: 216042070
Temperaturbereich / Temperature range 164,2°C
Kalibriersubstanz / Calibration substance 500 mg
Theoretische | Theoretische
Umwandl.- Umwandl.- Mindest-
. chem. Reinheit Temperatur enthalpie Haltbarkeit Quellen-
Be;e'gh'_“f‘g Zeichen | Purty | Theoretical | Theoretical Ch?_’gfﬂ - Nr. Min. angabe
atena Formula (%] Transform.- | Transform.- o Durability Reference
temperature enthalpy LL
T1°C] AH[Jig]
Rubidiumnitrat / >
ubidin rita RbNO3 99,99 164,2 n A *2 180811 10/2017 [15]

*! pei Veranderung der angegebenen Werte oder Verdacht auf Kontamination bitte sofort erneuern!

renew please immediately on change of the indicated values or suspicion on contamination!
Literatur:

[ 71 W. Eysel, K.-H. Breuer: Analytical Calorimetry. Plenum Publ. Corp., 1984
[15] NETZSCH-Geratebau GmbH

Gemal DIN 51007 ist fur die Kalibrierung von Dynamischen Differenz-Kalorimetern (DDK)
die Kristallumwandlung bzw. das Schmelzen geniigend reiner Substanzen zu verwenden.
Eingesetzt werden Kalibriersubstanzen mit bekannter Umwandlungstemperatur und
Umwandlungswarme. Das oben genannte Material ist dafiir geeignet.

According to German standard DIN 51 007, the polymorphic transition or the melting or
sufficient pure substances must be used for the calibration of Dynamic Scanning
Calorimeters (DSC) and Differential Thermal Analyzers (DTA). As a rule calibration materials
with well known transition temperature and heat of transition should be used. The above
material is suitable.
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NETZ5CH

Werksbescheinigung / Manufacturer’s Certification
nach / in accordance with
DIN 51007, ASTM E 967 / DIN EN 10 204 - 2.1

DTA/DSC-Kalibrierset fiir Pt Tiegel
DTA/DSC Calibration Set for Pt crucibles

Ausstelldatum / Date of Issue:
Bestell-Nr. / Order - No:

21.10.2014

6.223.5-91.2.08

Hersteller-Serien-Nr. / Series-No: 15194
Kommission / Commission: 216042070
Temperaturbereich / Temperature range 426,4°C
Kalibriersubstanz / Calibration substance 500 mg
Theoretische | Theoretische
Umwandl.- Umwandl.- Mindest-
’ chem. Reinheit Temperatur enthalpie Haltbarkeit Quellen-
Be::-lgr_ll{[ng Zeichen Purity | Theoretical | Theoretical Ch?_l'gm -Nr. Min. angabe
atend Formula [%] Transform.- | Transform.- LIV, Durability Reference
temperature enthalpy «1
T[(°C]) AH[Jig]
S"ber";‘;'lﬁtté Silver | agoso4 | 99999 | 4264 519 220210 1012019 12

*! bei Veranderung der angegebenen Werte oder Verdacht auf Kontamination bitte sofort erneuern!
renew please immediately on change of the indicated values or suspicion on contamination!

Literatur:

[12] W.F. Hemminger, H.K. Cammenga: Methoden der Thermischen Analyse, Band XXIV

Gemaf DIN 51007 ist fur die Kalibrierung von Dynamischen Differenz-Kalorimetern (DDK)
die Kristallumwandlung bzw. das Schmelzen gentigend reiner Substanzen zu verwenden.

Eingesetzt werden Kalibriersubstanzen mit bekannter Umwandlungstemperatur und

Umwandlungswarme. Das oben genannte Material ist daflir geeignet.

According to German standard DIN 51 007, the polymorphic transition or the melting or
sufficient pure substances must be used for the calibration of Dynamic Scanning
Calorimeters (DSC) and Differential Thermal Analyzers (DTA). As a rule calibration materials
with well known transition temperature and heat of transition should be used. The above

material is suitable.
rat
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NETZSCH

Werksbescheinigung / Manufacturer’s Certification

nach / in accordance with

DTA/DSC-Kalibrierset fiir Pt Tiegel

Ausstelldatum / Date of Issue:

Bestell-Nr. / Order - No:

DTA/DSC Calibration Set for Pt crucibles

DIN 51007, ASTM E 967 / DIN EN 10 204 - 2.1

21.10.2014
6.223.5-91.2.05

Hersteller-Serien-Nr. / Series-No: 15482
Kommission / Commission: 216042070
Temperaturbereich / Temperature range 476,0°C
Kalibriersubstanz / Calibration substance 500 mg
Theoretische | Theoretische
Umwandl.- Umwandl - Mindest-
¢ chem. Reinheit | Temperatur enthalpie Haltbarkeit Quellen-
B"::’f“'_' U Zeichen | Purity | Theoretical | Theoretical C“?_'gfe; - Nr. Min. angabe
alanal Formula %] Transform.- | Transform.- 2L Durability Reference
temperature |  enthalpy a1
T[°C] AH[Jig]
Césiumchlorid /
Caeciom chloride CsCl 99,999 476,0 -17,2 160709 1072017 [12]

*! bei Veranderung der angegebenen Werte oder Verdacht auf Kontamination bitte sofort erneuern!

renew please immediately on change of the indicated values or suspicion on contamination!
Literatur:
[12] W.F. Hemminger, H.K. Cammenga: Methoden der Thermischen Analyse, Band XXIV

Gemal DIN 51007 ist fur die Kalibrierung von Dynamischen Differenz-Kalorimetern (DDK)
die Kristallumwandlung bzw. das Schmelzen genigend reiner Substanzen zu verwenden.
Eingesetzt werden Kalibriersubstanzen mit bekannter Umwandlungstemperatur und
Umwandlungswarme. Das oben genannte Material ist dafiir geeignet.

According to German standard DIN 51 007, the polymorphic transition or the melting or
sufficient pure substances must be used for the calibration of Dynamic Scanning
Calorimeters (DSC) and Differential Thermal Analyzers (DTA). As a rule calibration materials
with well known transition temperature and heat of transition should be used. The above
material is suitable.
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NETZSCH

Werksbescheinigung / Manufacturer’s Certification

nach / in accordance with
DIN 51007, ASTM E 967 / DIN EN 10 204 - 2.1
DTA/DSC-Kalibrierset fiir Pt Tiegel

Ausstelldatum / Date of Issue:
Bestell-Nr. / Order - No:

DTA/DSC Calibration Set for Pt crucibles

21.10.2014
6.223.5-91.2.06

Hersteller-Serien-Nr. / Series-No: 14940
Kommission / Commission: 216042070
Temperaturbereich / Temperature range 668°C
Kalibriersubstanz / Calibration substance 500 mg
Theoretische | Theoretische
Umwandl - Umwandl.- Mindest-
: chem. [ Reinheit | Temperatur enthalpie Haltbarkeit Quellen-
Be:f‘fh'?“;"'g Zeichen | Purity | Theoretical | Theoretical C“T?m‘; Nr. Min. angabe
Qreren Formula | (%) | Transform.- | Transform.- - Durability Reference
temperature |  enthalpy a1
T[°C] AH[Jg]
Kaliumchromat / 1497 A=
Potassium chromate | K2Cr04 | 299 668,0 -37,0 12008EH 10/2019 | T=[12]; AH=[15]

»1

bei Verdnderung der angegebenen Werte oder Verdacht auf Kontamination bitte sofort erneuern!

renew please immediately on change of the indicated values or suspicion on contamination!

Literatur:

[ 71 W. Eysel, K.-H. Breuer: Analytical Calorimetry. Plenum Publ. Corp., 1984

[15] NETZSCH-Gerdtebau GmbH

Gemaf DIN 51007 ist fur die Kalibrierung von Dynamischen Differenz-Kalorimetern (DDK)
die Kristallumwandlung bzw. das Schmelzen geniigend reiner Substanzen zu verwenden.

Eingesetzt werden Kalibriersubstanzen mit bekannter Umwandlungstemperatur und

Umwandlungswarme. Das oben genannte Material ist dafiir geeignet.

According to German standard DIN 51 007, the polymorphic transition or the melting or

sufficient pure substances must be used for the calibration of Dynamic Scanning
Calorimeters (DSC) and Differential Thermal Analyzers (DTA). As a rule calibration materials
with well known transition temperature and heat of transition should be used. The above

material is suitable.
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NETZSCH

Werksbescheinigung / Manufacturer’s Certification
nach / in accordance with
DIN 51007, ASTM E 967 / DIN EN 10 204 - 2.1

DTA/DSC-Kalibrierset fiir Pt Tiegel
DTA/DSC Calibration Set for Pt crucibles

Ausstelldatum / Date of Issue: 21.10.2014
Bestell-Nr. / Order - No: 6.223.5-91.2.07
Hersteller-Serien-Nr. / Series-No: 15778
Kommission / Commission: 216042070
Temperaturbereich / Temperature range 808,0°C
Kalibriersubstanz / Calibration substance 500 mg
Theoretische | Theoretische
Umwandl.- Umwandl.- Mindest-
; chem. Reinheit | Temperatur enthalpie Haltbarkeit Quellen-
Befgf;‘ e Zeichen | Purity | Theoretical | Theoretical C“?_’gf&; Nr. Min. angsbe
4 Formula [%] Transform- | Transform - - Durability Reference
temperature enthalpy 1
T[°C] AH[Jg]
Bariumcarbonat / 1 A LI
Barium carbonate | B2CO3 90,98 808 94,9 140512 10/2017 | T=[7]; AH=[2]

»1

bei Verdnderung der angegebenen Werte oder Verdacht auf Kontamination bitte sofort erneuern!
renew please immediately on change of the indicated values or suspicion on contamination!

Literatur:

[2] R.Riesen, G. Widmann: Thermoanalyse. A. Huthig Verlag, Heidelberg, 1984
[ 71 W. Eysel, K.-H. Breuer: Analytical Calorimetry. Plenum Publ. Corp., 1984

Gemaf DIN 51007 ist fur die Kalibrierung von Dynamischen Differenz-Kalorimetern (DDK)
die Kristallumwandlung bzw. das Schmelzen gentgend reiner Substanzen zu verwenden.
Eingesetzt werden Kalibriersubstanzen mit bekannter Umwandlungstemperatur und
Umwandlungswarme. Das oben genannte Material ist dafiir geeignet.

According to German standard DIN 51 007, the polymorphic transition or the melting or
sufficient pure substances must be used for the calibration of Dynamic Scanning
Calorimeters (DSC) and Differential Thermal Analyzers (DTA). As a rule calibration materials
with well known transition temperature and heat of transition should be used. The above
material is suitable.

NETZSCH-Geridtebau GmbH X

eféteb
9,
& E\r,ha:h@,ﬁ (7

g
~ ,{,\h@\\\ "5%
3. - £ NETZSCH =

Dr. Thomas Denner &
0060:95 10058% &
Ty AssJt

DTA-DSC / EF500 / 6.223.5-91.2,07 / Bariumcarbonat Seite/Page 1 von/of 1
NETZSCH-Geratebau, D-95100 Selb/Bayemn, Wittelsbacherstr. 42 Telefon / Phone + 49 (0) 9287 881- 0
www netzsch-thermal-analysis com Fax + 49 (0) 9287 881 - 505

100




Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: WIPP 350C Baseline 030816.ngb-bsv
Date/Time: 3/8/2016 9:39:37 AM (UTC-7)
End Date/Time: 3/8/2016 10:11:36 AM (UTC-7)
Laboratory: 55-0004-0208

Operator: DMwW

Mode: DSC-TG

Measurement Type: Correction

Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

DSC DSC Range: 5000 pv

Remark: WIPP 350 C baseline - 1st attempt

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 ml/min predefined
Gas2: ARGON Flow: 30 mlimin predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pts/min  hh:mm

Stand-by heating 30.0 20.0

- Stand-by isothermal 300 00:05

1 Dynamic 3500 10.0 100.00 00:32

Emergency 370.0

-~ Final stand-by heating 300 400 00:08

- Final stand-by isothermal ~ 30.0 02:00

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:

Furnace TC: S
Sample TC: S

STC G1 G2 G3

[ = T G Gy
= = T et gy
coocooo

101

30000 mg

350C baseline 030816
350C baseline 030816
0mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

baseline

Manual

Not possible

Created with NETZSCH Proteus software



DSC /mW
TG /mg Temp. /°C
T exq 14
1  WIPP Analytical Baseline to 350C / 030816 ‘) 3 - 350
0.5 1 |
g 13
of  F300
ol e N ; |
. _ 12
0.0 - ; L |
" . - 250
F11 |
] ] - 200
0.5 L10 |
[ - 190
-9
-1.04 - 100
-8
I - 50
' 7
-1.5 4 :
0 5 10 15 20 25 30
Time /min
Main  2016-04-20 14:40 User: 113574 WIPP 350C Baseline 030816.ngb-tas
Instrument : NETZSCH STA 409PC/PG File : CAUsers\113674\Deskiop'Proteus6.1 files\WIPP 350C Baseline 030816.ngb-bsv Remark : WIPP 350 C baseline - 1st attempt
Project: WIPP | Material : baseline - Segments : Wl
Identity : 350C baseline 030816 | Correction file © Crucible: DSC/TG pan P-Rh
Datefime: 3/8/2016 9:39:37 AM Temp.Cal./Sens. Files : WIPP temp 022916.ngb-isv / WIPP 022916.ngb-esv Atmosphere: ARGON/50 / ARGON/30 / <no gas>/—-
Laboratory : 55-0004-0208 Range: 30°C/10.0(KMmin)/350°C ‘TG corr.Jm. range :  000/30000 mg
Operator: DMW Sample car./TC : DSC{TG)HIGH RG 2/S 'DSC corr.fm. range : 000/5000 pv
Sample : 350C baseline 030816, 0 mg Mode/type of meas.: DSC-TG / Correction
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Instrument: NETZSCH STA 408PC/PG DSC DSC Range: 5000 pV

Project: WIPP TG TG Range: 30000 mg

Filename: Pu-Am spike 200 uL dried.ngb-dsv Sample identity: Pu-Am spike 200 uL dried
Date/Time: 4/15/2016 11:35:13 AM (UTC-6) Sample name: Pu-Am spike 200 uL dried
End Date/Time: 4/15/2016 12:07:14 PM (UTC-6) Sample Mass: 0.7 mg

Laboratory: 55-0004-0208 Crucible: DSC/TG pan Pt-Rh
Operator: DMW Crucible Mass: 0mg

Mode: DSC-TG Reference name: empty

Measurement Type: sample with correction Reference Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Reference Crucible Mass: 0mg

Temp.Calib.: WIPP temp 022916.ngb-tsv Material: Pu-Am Nitrate
Sensitivity: WIPP 022916.ngb-esv Sample determination mode: Manual

Crucible: DSC/TG pan Pt-Rh Residuum measurement: Not possible

Remark: Pu-Am spike 200 uL dried in Pt-Rh capsule / weight approximate

Furnace: STD SiC(PC) Furnace TC: S
Sample carrier: DSC(/TG) HIGH RG 2 Sample TC: S
Measurement End: Normal end

Gas1: ARGON Flow: 50 mimin predefined
Gas2: ARGON Flow: 30ml/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:
Num Mode Temp. HR Acq.Rate Duration STC G1 G2 G3
°C Kimin  pts/min  hh:mm

e Stand-by heating 300 200 1 T A 0
- Stand-by isothermal 30.0 00:05 1 1 1 0
1 Dynamic 3500 100 10000  00:32 1 1 1 0
- Emergency 370.0 f 3 <0
---  Final stand-by heating 30.0 400 00:08 1 0 0 0
---  Final stand-by isothermal  30.0 02:00 1 0 0 0

Created with NETZSCH Proteus software
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Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP
Pu-Am spike 200 uL dried.ngb-dsv
4/15/2016 11:35:13 AM (UTC-6)
4/15/2016 12:07:14 PM (UTC-6)
55-0004-0208
DMW
DSC-TG
sample with correction
WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 pv

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

Remark: Pu-Am spike 200 uL dried in Pt-Rh capsule / weight approximate

Segments: 1/1 : 30°C/10.0(K/min)/350°C
Result Range (min) Range (max)

Parameters

Mass Change (TG)
Mass Change (TG)
Mass Change (TG)
Mass Change (TG)
Mass Change (TG)
Mass Change (TG)
Onset (DSC)
Onset (DSC)
Onset (DSC)
Value (Temp.)
Onset (DSC)
Onset (DSC)
Onset (DSC)
Onset (DSC)

-0.12 mg
-1.01 mg
-0.42 mg
-0.32 mg
-0.56 mg
-0.81 mg
39.9°C
59.4°C
105.5 °C
7.3 min
142.3°C
2229°C
286.5°C
332.9°C

0.0 min
4.1 min
14.1 min
18.4 min
22.2 min
27.4 min
0.0 min
4.7 min
7.7 min
92.0°C
10.9 min
15.9 min
24.9 min

30.0 min

4.1 min
14.1 min
18.4 min
22.2 min
27.4 min
32.0 min

4.7 min

7.7 min

12.4 min

15.1 min
20.4 min
26.1 min

30.8 min
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30000 mg

Pu-Am spike 200 uL dried
Pu-Am spike 200 ulL dried
0.7 mg

DSC/TG pan Pt-Rh

0mg

empty

0mg

0mg

Pu-Am Nitrate

Manual

Not possible

ARGON/50 / ARGON/30 / <no gas>/---

Created with NETZSCH Proteus software



lon Current *10-8 /A

=]
TG /mg DSC /(mW/mg) Temp. /°C
Onset: 39.9 °C Dried Residue - 200 uL Pu-Am spike (weight nct correct) T EXH ;
I 1424C kS
00 - — -— Mass Change -0.12 mg et 1 O - 350
| Onset: 222.9 °C 40 i
- 9 b
-05 : Mass Change -1.01 mg Lot ) 300
4 Onset: 50.4 * 170.1C -2 .
] Onset: 286.5 °C . 250
-10 4 ! (30
15 ] 94.2¢ - 4 L 200
1 Onset: 105.5 °C 20
201 g 2 Jr6
! o= 194.5C !
J 306.8C - s Change: 0.56 mg
: A | 100
254 /-*"  Onset: 142.3 °C N 10 |
Gl 91.9C { - -8 ’
: . Mass Change: -0.81 ‘l B 50
T i Lo B e Onset: 3329°C  \__aN\j] | _
=] - e — = — VAN &
| = iee T T g 1 10 L0 I 0
T T ¥ _ ¥ T v o % ¥ T T T F—
Time /min
Main 2016-04-26 11:09 User: 113674 Pu-Am spike 200 uL dried ngb-taa
[#] Instrument File Date Identity Sample M.. S... Range Atmosphere Com.
[1] STA 409PC/... Pu-Am spike 200 uL dried.ngb-dsv ~ 2016-04-15 Pu-Am spike 200 uL dri... Pu-Am spike 200 ulL dri... 0.7 1/1 30°C/10.0(K/min}350... ARGON/50/ARGON/30/ <no gas>/... DSC:020, TG:0...
[2] QMS 403 pu-am spike 200 ul dried_m2.00.imp 2016-04-15 pu-am spike 200 uldried Mass 200 11 40°CH1 2(K/min}'1°C -
[3] QMS 403 pu-am spike 200 ul dried_m11.98.1... 2016-04-15 pu-am spike 200 uldried Mass 11.98 11 40°CA 2(Kimin}1°C -
[4]QMS 402 pu-am spike 200 ul dried_m15.97.1.. 2018-04-15 pu-am spike 200 ul dried Mass 1397 111 40°CH 2(Kfmin)"1°C -
[5] QMS 403 pu-am spike 200 ul dried_m16.97.i.. 2016-04-15 pu-am spike 200 ul dried Mass 16.97 111 40°C/1 .2(K'min)1°C -
[6] QMS 403 pu-amspike 200 ul drned_m17 97 | 2016-04-15 pu-am spike 200 ul dried Mass 17 97 11 40°CN 2(K'min}1°C ---
[71QMS 403 pu-am spike 200 ul dried_m30.03.1... 2016-04-15 pu-am spike 200 ul dried Mass 30.03 171 40°C/1.2(K/min)1°C -
[9] QMS 403 pu-am spike 200 ul dned_m43 91 2016-04-15 pu-am spke 200 uidned Mass 43 91 171 40°Ci1 2(K:min)1°C
[10]QMS 403 pu-am spike 200 ul dried_md45.91i.. 2016-04-15 pu-am spike 200 ul dried Mass 4591 111 40°CA1 2(K/min)¥1°C -
[11] QNS 403 pu-am spike 200 ul dried_m47.91.i.. 2016-04-15 pu-am spike 200 ul dried Mass 4791 111 40°CAH . 2{(K/min}1°C -
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PMT2-MPR-DOP-015-

Thermal Analysis with Off-Gas Analysis

R3-FM1 by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: Py An Sl 700us ( 0ced _ Loeation: (+22.0
Thermal Analysis Data Sheet
[XUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Ag:il:::;“ Performed By
DOP is latest 0w
; g Revision flecti isi NI
Current DOP effective revision RY B ¢ Vl:z;e;'z':“’ B = nitials
Documentum )
1367y
Z No.
Verify that DS is the current .;‘ No
z : — N/A Yes -
effective version. (circle one) -5
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG [ @ DfVW\)
N/ Z+1 5. Initial
Cal. File Name:(/E 20 T¢10 02206 [\ £ P2 CU25 f 6 A O0T-1Ly¢-17 nitials
Temperature & Humidity Monitor ' 043¢} J10-25- (b 3y
Calibrated Thermometer (for Water Chiller) NA N / A 21
. Li-IS-
Wall Clock O OY YO = 5=t L —Dm—“’

Analysis Type: TG (DSQ)I other

Crucible Type: alumina TG beaker / alumina DSC pans / f’t DSC pans / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Glovebox Conditions (Sections 5.3 & 5.4)

Yes/No N /A

Description Cal. File No. Call)..lf:p- Pgrf;;med Description
LANMAS / LAMCAS B3 6 € WA VA D
Balance [D Initials
_ .| Date: 0fIB3/ 16 ﬁ“zlr&ﬂ
Date & Time Sample Vial (mm /dd/yy) N/A N/A -
Opened :
Time:_ 7. Y% Y-1344
7 4 hour) Dato
%RH<15,| 2 MW @
Initials Initials
Seal %RH/Temp.: N /A Seal %RH ]
Glovebox Conditions %RH/C® | not>3% | L3474 | [ 2eS 2P
more than Z No. Z No.
; GB235 is o
» . 0.6 [F10 9 =15 ¢ M
GB235%RH/Temp.: (0.4 %RH s 1 ‘1’
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

MATL NAME: {7y A g e, 700wl o&nd Location: (222 O

Sample Weights (Section 5.4)

Description Cal. File No. O | Performed By Desciiption
Hrww
Initials
Mmv/ddlyy
Date & Time Sample Date: __ " /A -
P = N/A 11367y
Weighed Z No.
24 br.
Time: W /A H-x-lg
Date
w2
Crucible / Pan Tare Wt. Dmw)
N / A N/A Initials Initials
Ty
/17567 [TAQIL
Z No. Z No.
grams
Net Sample Weight ASS U mLi{ >3g,<18g
_ ¢/-15-06 s/l
07 ms Date Date
Instrument Setup (Section 5.4)
Parameter Data Units Aue'ph.n ce Fockdinied Verified By
Criteria By
Sample Chamber Evacuated? YES !@
- & r .
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: W H P ﬂr‘
_omw.
Gas Pressure Gas Pressure (at regulator): < | O psig <10 Initials Initials
Gas Flow 1: 5’0 ) 367 ?
r -
oL
Gas & Flowmeter S 50 i N/A Z No. —{;q%
Readings astlows: = ’
-5+
Time gas flows turned on: __/ O : S 7 Date ﬁ'@
Baseline (used for | WIPP3IIC Boseling 030¥16. ngb-bis v
thermal buoyancy Filename: N/A N/A
correction)
('N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: Au-Am Sg: ke 100um( dricd Location: _ G- 220

Run Parameters (Sections 5.4 & 5.6)

Parameter Data Units A:;:i:::;“ Perf;;med Verified By
Heating Rate: _ [ D C°min| =>5,<20
Maximum Temp.:3 J© co <1500°C e &@
(=1000°C for 3013 Packaging) %i_tia]—_;_ .
Temperature sy
Date Started: O /15 /14 1557f | 120827
Profile 24 hour s /z N{o.
i : : y N/A w-15-/¢ | His[l
Time Started: lt'4yo mm/dd/ X 4 |I'Dn_m L
" yy
Total Analysis Time: _ ()() , S?_.
T;:fr;r:::;:r Sample Temp. at Start: Lo Z c? N/A N/A
All Data stored on: “TAS5 NMT-15 Powder
Characterization on Winnmt2” D
- o Ymy
Eolder: Initials
WIT PP
Run Data Files | Netzsch Measure Filename: N/A N/A ) %
Prehin Spike Zoowl drreal . ngb-flsv
ThermoStar Filename: q’]’)i: / ‘C
PaAmS g ke 200wl d2d . g
NOTE - h M5, not 7 -
Mass Changes:
1) -0% Temp. Range (R T~ SO. ¥ E,;} I 'Zl«/ @
2) - 1.01 Temp. Range (50.% - 1 70, lf-] Initials Initials
2 Wt. %

Proteus Data | 3 ~ 0.4 2 Temp, Range (1721 - 2156 te!| Towl<os | )367Y l'i-{b‘?
\) <S8 & —— . o Z No. 0.
54,5 -306.8C | 9 -5 Tomp, Range (415.6-25.5 §~ t=)5-1¢ s/t

Date
Total mass Change:
0)-0.% B 5,24 mg
3¢6.% - 3350°%

M nxe1y H-13-16
Notes:
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Page 57 of 63

Quadrupole Mass Spectrometry

Location: GL'LO

MATL NAME: £ ~Am S'}m lp 200wl hredd

Gas Data (Section 5.6)
Acceptance| Performed
Parameter Data Units Criteria By Verified By
\ L] Operator
1) HofoH PeakT (42 4 C )
al.
_ o1y Joy € 1523 b _
ThermoStar | 2 NO/NO; Peak T (LY U, S BOF-3 194, 1 ’:p:zteusef n o
Data 3) (O,  PeakT(_papel, ) °C " ZNo,
4) Peak T ( }
=15
9 Peak T ) s
Total Moisture = mg
Wt % Y Initials Initials
1%
Total Date of most recent calibration: / /
Moisture mm Wt. % <0.32
(H,0) % Error (RSD, 1s): Z No. Z No.
N
Std. Error Slope Lo L
/ Signatures
Parameter Data Units A:;:i:::i:“ Performed By
gpemor
Operator — DS review N/A N/A L]_'ZNLWL
0.
=15 /¢
Date
/’
Sug’ewisgr
Supervisor— DS Review N/A N/A 15012
Z No.
/2 /16
Date
{,&;VM
QR
Quality Representative — DS Review N/A N/A wz‘;"uﬁf
0.
DatE
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments: MGSS CM l"-ﬁ&(’:d(fﬁg a® /Ha ND{ LJ{ 7

iz ST r\n(a/\a, Sww,n/e: ~ 200l of S0 ko ri("ng_j Jn
PP o DSC peua Lo A7 n{a,uﬁ Fammf‘ +a 8 C Lrﬁ{ fare
\M»mln‘- of o lw(nmp ern\} qn,ko -c*.mn wt _wwal 0.47617Y
u\_or){ (")'7 mj_bv\:f WAl hke/l\ ({nur 4o %’.(‘)Lm&-
D22 a3 (74 4-)5-1&

M/A Su. mww~;
," I}ﬂ(‘ lnt%&wwﬂ' = (Qj p)b # M*Neu:mn{
o sl Ca.fl) mrvv\.t_.wxr‘('\’/"' Aot f\L‘? u!n’J 5
S&wﬁ W\QH /TP//V\.O At f‘Q_ﬂ l!lI\LB, (@ C&J)
v - Do ¥ Thive ('\»\mob Mﬁé:«.} 0/ = f'\-!)‘ll r‘ﬁxu/‘f?zﬂn’ = 1N A
3 = (’(‘\AL:\nLg Yors m(‘ rot ri’.__‘\fn(ro(
& - M:D)“}‘Ifﬂv‘r Fm;#m?f F—ngﬁ, mb+ r&cu;:d
5 7R .p_r'rlpsllf w)‘f P@Oh!.-:td d rumt%o f}()dac’
D /1 ,i)%ﬁé?LJJ—' {/;/}.S'If [&
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-1 030716A.ngb-dsv
Date/Time: 3/9/2016 9:21:55 AM (UTC-7)
End Date/Time: 3/9/2016 9:53:57 AM (UTC-7)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSCI/TG pan Pt-Rh

Remark: SURROGATE BY ITSELF - 1ST RUN

Furnace: STD SiC(PC)
Sample carrier: DSC(TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mlmin predefined
Gas2: ARGON Flow: 30 ml/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min pts/min  hh:mm

-~ Stand-by heating 300 200

- Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

Final stand-by heating 30.0 40.0 00:08

- Final stand-by isothermal  30.0 02:00

DSC DSC Range:

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

OO0 = ek -
OO0 = -2 3 b
coocooo
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5000
3000
SFW
SFW

uv
0mg

B8-15-1 030716A
B8-15-1 030716A

38.47 mg
DSC/TG pan Pt-Rh

0mg

empty

0mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus software



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:
Mode:

Measurement Type:

Corraction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWBB8-15-1 030716A.ngb-dsv
3/9/2016 9:21:55 AM (UTC-7)
3/9/2016 9:53:57 AM (UTC-7)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv

DSCITG pan Pt-Rh

5000 pVv

Remark: SURROGATE BY ITSELF - 1ST RUN

Segments: 1/1
Parameters

Onset (DSC)
Onset (DSC)
Area (DSC),0
Onset (DSC)

Onset (DSC)

: 30°C/10.0(K/min)/350°C

376°C
94.4°C
2.376 J/g
118.2°C

Result Range (min) Range (max)
0.4 min 5.9 min

7.2 min 7.8 min

7.2 min 8.6 min

8.6 min 10.1 min

20.3 min 27.6 min

247.7°C

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:

112

30000 mg
SFWB8-15-1 030716A
SFWB8-15-1 030716A
38.47mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/-—

Created with NETZSCH Proteus software



lon Current *10-6 /A

TG /% DSC/(mW/mg) Temp. /°C
- SFWBB8-15-1/ 030716a e .
1. Onset: 247.7 °C . T XH\ - 06 - 3.0
100 - 120.7C : - - L 350
l \ ” -
" \ A — 4 -
— 04 [49 1300
90 - 126.35 % (e s _ .
i B - :is;:.raﬂ :-c:_i;ﬂ_-c-rru i
] \ 166 5C = Eﬂ’&%ﬂ:{éﬂ"ﬁm B 0.2 L 2 0 N 250
1 e prmer S - ! A
80 1 Onset: 37.6°C . mféﬂ";“: . !
] L gt o Lo . 00 | 15 | 200
| — “f q\c’f‘m GO0 D B
o] N . e i ' a
i .t 5 ZI'B.W&I.'M m;ri;_ﬂliéll': |
y " \ \ xn:er;rmmam -0'2 B 150
1 S Yas0c 5“?“'*":"‘;-:_3"‘""‘ [ 10 |
60 - - Ty e --0.4 - 100
! 5 7.5C -18.04 % - s
] Onset: 944°C \ . .- { o o6 | 05
50 { Aez.2378-90 N 8] ' >0
i : : : 285.1¢ 2 = [
b Y - ~ o - e ———— e =i c4
1= — gt — - m— St | 08 L0 L0
7 Onsetl. 118.2°C L
ime /min
Main  2016-04-26 08:35 User: 113674 Tim ;m SFWB8-15-1 030716A.ngb-taa
[#] Instrument File ~ Date Identity Sample Mass... Seg... Range Atmosphere Corr.
[1]1 STA 409PC/PG SFWBB-15-1 0307 16A.ngb-dsv  2016-03-09 SFWBB-15-1 030716A SFWBS-15-1 030716A 3847 11 30°C/1 0.0(Kfmin }350°C ARGON/50/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 0307 16a_m2.00.imp 2016-03-09 sfwbB8-15-1030716a Mass 2.00 11 38°C/H 1(K'min)/1°C -
[3] QMS 403 sfwbB-15-1 030716a_m11.98.mp 2016-03-09 sfwb8-15-1 030716a Mass 11.98 n 36°CH1 1(K/min)/1°C -
[4]1 QIS 403 sfivk8-15-1 030716a_m15.87.imp 2018-02-09 sfwb8-15-1 0307182 Illass 15.97 11 38°CH 1K/min)/1°C
[5] QMS 403 sfwbB-15-1 030716a_m16.97.1mp 2016-03-09 sfwb8-15-1 030716a Mass 16.97 " 3B°CN A1(Kfmin)/1°C -
[6] QMS 403 sfwb8-15-1 0307 16a_m17.97.imp 2016-03-09 sfwb8-15-1030716a Mass 17.97 mn 36°CA1 1(K/min)/1°C -
[7] QMS 403 sfwb8-15-1 0307 16a_m30.03.imp 2016-03-09 sfwbB-15-1030716a Mass 30.03 n 36°CH1 1(K/'min)/1°*C -
[8] QMS 403 sfwb8-15-1 0307 16a_m35.94.imp 2016-03-09 sfwb8-15-1030716a Mass 35.94 n 36°C/1 A(K/min)/1°C —_
(9] QMS 403 sfwb8-13-1 0307 168_m43 91 imp  2016-03.09 sfwhB-15-1 03071688 Mass 43 91 114 W HKminY e C
[10] QMS 403 sfwb8-15-1 0307 16a_m45.91.imp 2016-03-09 sfwb8-15-1030716a Mass 45.91 11 36°CN A(Kimin)/1°C -
[11] QM S 403 sfwb8-15-1 0307 16a_m47 91.imp 2016-03-09 sfwb8-15-1 030716a Mass 47.91 " 36°C/11 . H{K'min)/1°C -
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PMT2-MPR-DOP-015- Thermal Analysis with Off-Gas Analysis

R3-FMI1 by Quadrupole Mass Spectrometry Page 53 of 58
MATLNAME: SY ) 3%X-iS-| A Location: (270
Thermal Analysis Data Sheet
XUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A:f:i::-;“ Performed By
DOP is latest
. .. Revision | effective revision, as /
Current DOP effective revision ?\q ik v:riﬁed ot Initials
Documentum
13674
A Z No.
Verify that 'DS is th.e current ( Ye; / No N/A .
effective version. circle one) 2-q-16
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG/ ﬂSE
Cal. File Name: | 100 Tewp 0229 ( !ud.'. PPo2191t N /,’-\ Oal- 18 % | 7 e
Temperature & Humidity Monitor U] R Y p =78~ 16 N367
Calibrated Thermometer (for Water Chiller) N } A N f A a
XG-if
Wall Clock O4 G X0 % ~3-16 " Date

Analysis Type: TG z‘(lfSC)f‘ other
Crucible Type: alumina TG beaker / alumina DSC pans / 6 DS(L;;_:;}IS / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes /No MN/A

Glovebox Conditions (Sections 5.3 & 5.4)

Description Cal. File No. Call)':;::l" Pcrf;;med Description
LANMAS / LAMCAS 1 - A
Balance ID & 266 e Na Init;als
i ) Date: 03 [05//¢6 _%Ji(f
Date & Time Sample Vial (mm/dd/yy) NIA S/A %
Opened
Time: 0% 1573 3 -a~16
( 24 hour) Date
%RH <15, Dy w =R
Initials Initials
Seal %RH/Temp.: _ N /A Seal %RH |
Glovebox Conditions %RH/C® | not>3% | //2(74 ( leg? i,
more than Z No. Z No.
) GBus | | ,ﬂ { :
GB235%RH/Temp.: 0.5 /2455 °( %RH i e 2
’ P ‘uu" ’ Date Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015R3 Quadrupole Mass Spectrometry
MATL NAME: SSEWRX-(S-1 A Location: G‘ L1 0
Sample Weights (Section 5.4)
nec . Cal.E
Description Cal. File No. .D“:p' Performed By Description
Dy w
. Date: _2- 17
Date & Tn_me Sample - Sk (1367¢
We:ghed 7 No.
3 24 hr.
Time;_ 0X'5S6 s 12
Date
Crucible / Pan Tare Wt. S0 omw/ Q
O.[(670G NIA Initials Tnitials
3677 | 1S T)
grams Z No. Z No.
Net Sample Weight : >3g,<18
ple Weig ©. 03847 BSIR ooup {Z!"’
Date
Instrument Setup (Section 5.4)
Parameter Data Units A:;:f::;“ Pcrf;;mcd Verified By
Sample Chamber Evacuated? YES 1’6\9
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: UH P ﬁ @
Wi |« p
Gas Pressure Gas Pressure (at regulator): _—~ | O psig <10 [nitials nitials
Gas Flow 1: S <)
il 314 | (ros2]
o lfez‘(li?nv::eter Gas Flow 2: 30 nh:mm N/A i " ZNo.
3-9-(6 { ! ?
Time gas flows turned on: P ; Sf:z Date "Da?e
Baseline (used for |W<IPf 33500 Beseling 030716 n-)i:vbsv
thermal buoyancy Filename: N/A N/A
correction)
(‘N/A’ if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME:  SYWRB¥X-IS-( A Location: G?—’J/O
Run Parameters (Sections 5.4 & 5.6)
P g Acceptance Performed <
arameter Data Units e Verified By
Criteria By
Heating Rate: (O C/min| >5,<20
Maximum Temp.: &5 © - %
e — ce <1500°C w
(=1000°C for 3013 Packaging) % Inftials
Temperature Iy I sr—
Date Started: 3 - 9~ 1 b [17367Y WS
Profile 24 hour Z No. ‘_ZNoA
Time Started: 09 1 2./ ! N/A 3-S5 =it 1[3‘ e
mm/dd/ Date te
i Yy
Total Analysis Time: () () | 32
ThermoStar o
Reference Sample Temp. at Start: &5 . &/ 64 N/A N/A
All Data stored on: “TASS5 NMT-15 Powder
Characterization on Winnmt2” ﬁ Y // fi
Folder: (L PF " Initials
SELagY¥-15-] P10 164 gk sV ,
Run Data Files | Netzsch Measure Filename: N/A N/A / /Z.ENW
Q.
SR R-13-1 OB 64 MDC
ThermoStar Filename: M
Date
181
Mass Changes: 4t ™
- Lb . ; < ™ !
pe T 5 'Ilf»
l!,.[—"'él' 'l%mp Rangc[ <) Oﬂf‘\‘\‘“’ \@
2) -1\ .95 Temp. Range (166 5 -24y.09 Bl Tmtity
Wt. %/ S
Proteus Data 3) ~1¥.0Y Temp. Range (Z74¥ o- "vl%j oC Total <04 jl;;oftf "JZQN{I_&']
4) Temp. Range ( ) 2 396
VO W L’bl b Date Dale
Total mass Chanie"s&_‘...g l) u_ $-1b
~56.386%

Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Page 57 of 63

015,R3 Quadrupole Mass Spectrometry
MATL NAME: _ S WR% -1S- | A Location: G L7 O
Gas Data (Section 5.6
Parameter Data Units Ag:il:::i:u l’erl’;;med Verified By
Volatile Species: mﬂ! 3:!
Operator
1) 1hO/oit Peak T( 120.7,1¥2.89
[als] 0 g% u .
ThermoStar | 2 r Peak T(BV.9 250 2% ) Vola.tllef - it
Data <& 4° RO 3y
3) M.)ZNDE Peak T(12e v 288,19 °C - ZNo.
4  PeakT( )
1-9.18
5) Peak T ( ) Date
Total Moisture = mg
Wt % o Tnitials initials
q,{
Total Date of most recent calibration: / / = g
Moisture mm  dd  yy—ay | Wt% | <032
(H,0) % Error (RSD, 1s): i b 7 No. Z No.
[ & _—m”
T +
- Std. Error Slope e o
/
- Signatures
= Acceptance
Parameter Data Units Criteria Performed By
DM
Qperator
Operator — DS review N/A N/A i{}%’l_
0.
Da;e
' /t‘
Supervisor
Supervisor — DS Review N/A N/A Q"g‘:'& o/ T
[+ 1§
Kl 2¢//t
Date
N
(0]13
Quality Representative — DS Review N/A N/A { fNJ 74/
0.
Hfr gl
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
M/A- S L AT 1 T

| - Q.LO T Ic' #'{‘{){ "ﬂ‘;_f_.‘/d l(-t UPC.- .rvll{r'uisz

2 calib, T).Q{‘ernw/{‘_’./_flr' ma‘f,tf .d’“';f\ 1 m.;f ‘-{"M f'u

= OﬂJF Lf_l.n_._:'f L»Qt.{.\ (\a‘lf tn_ﬁﬂ ‘f’;.) (/(}C)(

‘f - Seal 79141'1 ( TPM o NHL)J\L.-cwun{ i~ *-dfl :ffrw’ JP
SO \"L\D\rl”x,vzf ((/ﬂ'?ﬁ‘ A )f pot ng.(\:,.;wf

D) 11RG7Y  3-Q-r 4
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWBB-15-1 030716B.ngb-dsv
Date/Time: 3/9/2016 11:22:05 AM (UTC-7)
End Date/Time: 3/9/2016 11:54:08 AM (UTC-7)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-1 030716B - 2nd run

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mi/min predefined
Gas2: ARGON Flow: 30 mlmin predefined

Gas3: <nogas> Flow: predefined

Start criteria

Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin pts/min  hh:mm

---  Stand-by heating 300 20.0

---  Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

- Final stand-by heating 300 400 00:08

---  Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC: S
Sample TC:

STC G1 G2 G3

ki

L= R e e
00 = - - =&
coocococoo
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5000
3000

uv
0 mg

SFWB8-15-1 0307168
SFWB8-15-1 0307168

7.98

mg

DSC/TG pan Pt-Rh

0mg

empty

0mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus soffware



Instrument: NETZSCH STA 408PC/PG
Project: WIPP

Filename: SFWB8-15-1 030716B.ngb-dsv
Date/Time: 3/9/2016 11:22:05 AM (UTC-7)
End Date/Time: 3/9/2016 11:54:08 AM (UTC-7)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

DSC DSC Range: 5000 pv

Remark: SFWB8-15-1 030716B - 2nd run

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 422°C 0.9 min 6.7 min
Onset (DSC) 843°C 6.4 min 7.7 min
Area (DSC),0 8.426 J/g 6.4 min 7.5 min
Onset (DSC) 105.9°C 8.0 min 8.8 min
Peak (DSC) 135.4 °C/0.8955 mW/mg 9.3 min 12.2 min
Onset (DSC) 161.7 °C 12.1 min 16.3 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:

120

30000 mg
SFWB8-15-1 030716B
SFWBS8-15-1 030716B
7.98 mg

DSC/TG pan Pt-Rh
0mg

empty

0Omg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/---

Created with NETZSCH Profteus software



lon Curmrent *10-7 /A

TG /% DSC/(mW/mg) Temp./°C
SFWB8-15-1 0307168 T e)(ﬂ 15 - !
100 : I 135.4 °C. 0.8855 mW/mg N 2 '_ 5 0 i 350
| ﬁ \ il - | A i
1 Onset: 161.7 °C 1.0 ! [
1 _‘N ) - -
90 = a3 .méﬁ-\‘ﬁd-ﬁ-l g R L ET] ] i .- 300
—_— = L
] \ A o 05 [40 |
i .31.70 % " : n;@,&nwﬁ_ﬂwm | : [
; . ST T R, . - 250
1 Onset: 422°C - ) L 0.0 :
80 - . 2] SW03-16-1 0O M5 S7 I i I I
] @ :mﬁ—la—.raa:-;f:at_mssr = Ir 3 . O L
: swa-u-?&s%% e I 5 200
i S --0.5 [
70 _- mm;&&%&mxmm i
9 5 m%mmﬁ o [’ .. i
. o k10 [20 [150
J ) & 12, 16 % mh-;:i%:;must.m
60 -' Onset: 84.3 °C i 258 5C pqsws—ué—::f::_mg: m 1 5 100
Area: 8.426 Jig [11] 8t5-15-1 0307 163_meTE1 P -~ -
- \ ..o - N 1 0 L
50 1 — _/ 1B1C_133he 21430 2963¢C .'50
. - = - -
i Onset: 105.9 °C . 0 !
T T ¥ ¥ od ¥ T ¥ ¥ T ¥ v ¥ T & 0
Time /mi
Main 2016-04-26 08:47 User: 113674 m n SFWBB-15-1 030716B.ngh-taa
[#] Instrument File Date Identity Sample Mas... Seg.. Range ~Corr.
[1] STA 409PC/FG SFWBB-15-1 030716B.ngb-dsv  2016-03-08 SFWB8-15-1 0307168 SFWBB-15-1 030716B 7.98  1/1 30°C/10.0(K/min}/350°C ARGON/S0/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 030716b_m2.00.imp 2016-03-09 sfwb8-15-1 030716b Mass 2.00 11 38°C/0.5(Kfmin)/1°C —
[3] QMS 403 sfwb8-15-1 030716b_m11.98.imp 2016-03-08 sfwbB-15-1 020716b Mass 11.98 1M 38°C/0.5(K/min)/1°C —
[4] QKIS 403 sfwb8-15-1 0207 18b_m15.67 imp 2018-03-08 shwvbB-1a-1 030716b  Klass 10.97 11 287 CI0.a(Kimin)1°C -
[5] QMS 403 sfwb8-15-1 0307 16b_m16.97.imp 2016-03-08 sfwhbB8-15-1 030716b Mass 1697 11 38°C/0.5(K/min)/1°C -
[6] QMS 403 sfwb8-15-1 030718b_m17.97 imp 2016-03-09 sfwb8-15-1 030716b Mass 17.97 i 38°C/0 5(Kimin)/1°C —
[7] QMS 403 sfwb8-15-1 0307 16b_m30.03.imp 2016-03-09 sfwbB8-15-1 030716b Mass 30.03 11 28°C/0.5(K/min)/1°C -
3] QKIS 405 stw8-15-1 G307165_m3S 94 imp 26124 3 stet8.15-1 0307T16L Mass 3594 1 31 CIC SR min 5
3] QKIS 403 Fb8.14 1307188 M43 91 ime 2016-G3-08 ' s5vbB-15-1 N13CT16L Kass 439 11t S e
[10]QMS 403 sfwb8-16-1 0307 16b_m45.91 imp 2016-03-09 sfwb8-15-1 030716b Mass 4591 n 38°Ci0.5(K/min)/1°C -
[11] QM S 403 sfwb8-15-1 0307 18b_md 7. ¢ .imp 2016-03-09 sfwb8-15-1 030716b  Mass 4791 17 38°C/0.5(K'min)/1°C -
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Created with NETZSCH Profeus soffware



PMT2-MPR-DOP-015-
R3-FM1

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: €003

%-18-1 R

Location: (;7,'{ (@)

Thermal Analysis Data Sheet

X]Use Every Time
DOP and DS Verification (Section 5.3)

Parameter Data Units A::c:il:::;“ Performed By
i DOP is latest
. . ~L Revision effective revision, as
Current DOP effective revision £ ———- virifisd ori Initials
Documentum
674
Z No.
Verify that DS is the current N/A -
effective version. (circle one) 3-9-1%
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG |/ @ w
nJ i : . Initial
Cal. File Name: wipf"h:mf (?ll‘t"l.a!td’; i p2talle /"* e / LK/‘? -
Temperature & Humidity Monitor v e -
DYy Jo-28-/¢ Ll}éo_i
Calibrated Thermometer (for Water Chiller) NALA ™ JA
i
Wall Clock DY VYYD T-2A-16 T“‘

Analysis Type: TG / Qﬁg / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Crucible Type: alumina TG beaker / alumina DSC pans / Q’: D@ns / other

Yes / No M/A

Glovebox Conditions (Sections 5.3 & 5.4)

Description Cal. File No. Calll.:‘::p. I'erf;;med Description
LANMAS / LAMCAS N W
N/A N/A
Balance ID ® 264 Initials
. =
) . Date: Ojleq“;‘, iﬁé}i
Date & Tgr;’ee nSe;a.‘::nple Vial (mm7dd/yy) s - ]
L .
Time:___| |1 0% 3-9-1th
( 24 hour) Date
%RH < 15, DWW/ p_
_ Initials Initials
Seal %RH/Temp.: N /A Seal %RH |
Glovebox Conditions %RH/C® | not>3% | (/13677 § u{'&ﬂ
GB235 . /
GB235%RH/Temp.: 0.3 /75 .5 [¢ %RH | 3-1-/6 |3 ‘?{ (¢
= Date Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: _S§)R8%-(S-( [ Location: __ (G170
Sample Weights (Section 5.4)
Description Cal. File No. Ca]l).:::p. Performed By Description
Qyawnl
Mrm"ddfyy Initials
Date & Time Sample Date: 0 '31( . ar/ 1o B - '
Weighed : -
. 24 hr.
Time: (! | ] -G -1
Date
Crucible / Pan Tare Wt. D
0:16%0 | N/A Initials Initials
1674 | 1 WSV
grarns Z No. Z No.
Net Sample Weight 0,00 >3g,<l18¢g
793 =s-16 | 3[4t
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units Ag:;:_:e Perf;;med Verified By
Sample Chamber Evacuated? YES M
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: “\ E'P P‘r"'
W | £
Gas Pressure Gas Pressure (at regulator): < lO psig <10 Initials " Initials
Gas Flow 1: S0 6
10677 | 1705V
Gas & Flowmeter ) o S N/A ZNo. 1—%7
Rea.dings Gas Flow 2: i mm "
3-9-/6
Time gas flows turned on: () 8 : S i Date 5
ale
Baseline (USBd for M)’LPP)‘O( JBG'\&Q_,IJ ;f-q, O'SUY | {3‘ (‘j lJ 'L 14
thermal buoyancy Filename: N/A N/A
correction)
(‘N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry

MATL NAME: _ <5 w®%-(5-] B Location: _ G177 ©
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Ui | Aceeptemce | Perlirmed | o nny
Criteria By
Heating Rate: 1O C°/min| >35,<20
Maximum Temp.:q) SO - co <1500°C b NAW \'@
(=1000°C for 3013 Packaging) Initials Initials
Temperature ,
Date Started: 5~ - 16 367 7
Profile ate Starte o \TO“L Ug%l
Time Started: _[{ \ ZT y N/A 8- 3[ 3[’;.
mm/dd/ T =
yy
Total Analysis Time: _(Q{) ','57./
ThermoStar ; &
Refuretice Sample Temp. at Start: 3 7. S C N/A N/A

All Data stored on: “TAS55 NMT-15 Po
Characterization on Winnmt2”

Folder: WwI P p %ﬂb;j—

Run Data Files | Netzsch Measure Filename: N/A N/A ! [;}37 L{
0.

Wi 8-l 0%07 6B . ngh-diV

5 = :
ThermoStar Filename: } l {(’

Date
SYWBYF-5-| 0307168 1MDC
Mass Changes:
1) ~A.70 Temp. Rnngcm pAM NS <
2)-\2. (b Temp. Range (\6S - 15550 e fnials
. Wt. %/
Proteus Data 3) =19, {3 Temp. Range (15,5 - 350 :’:.) °C Tomqm i%;_:_‘f_ l%‘
4 Temp.Range () Jo1b 1@3&'_&
- Date
Total mass Change:
-63499 70

Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME:

SFwB¥-1S-1 R

Gas Data (Section 5.6

Location:

(210

Parameter

Acceptance

Units
- Criteria

Data

Performed
By

Verified By

Volatile Species:

ThermoStar

Data 3) NV

4)

5)

1) OH/H,0 Peak T ( (02.7%¢
2 (Oc PeakTU23d 2135
D, Peak TIZ3.1 T764.%)

Peak T ( )

Peak T ( )

Volatile
Species /
b

N/A

:

Operator

(767
Z No.

:

E‘a

Total Moisture =

Total
Moisture
(H0)

it

Wt.% | <032 |

/

Std. Error

Slope

v

Initials

L Y mw

1136
Initials

n1674 >

ZNo. Z No.

.r‘l '3,?4{.

g.{6

Signatures

Parameter

Data Units

Acceptance

Criteria Performed

By

Operator — DS review

N/A N/A

Z No

[YAARY)

Operator

3916
Date ,

Supervisor — DS Review

N/A N/A

-7

o
-

-

gﬁ;:ervisor

) 7 f,’a /2

%/ 24 e

Quality Representative — DS Review

N/A N/A

QR

Z No.

Date

Hw M
tH 9L H
1A

H/25 [/,
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PMT2-MPR-DOP-015-R3-FMI1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all

entries are complete before approving.

Comments:
N / /‘\ S o wvagman

C\‘ROF ‘ 4:‘ f-mr ()F'r vudt ”&?\1{‘1}7{
Ced bmﬂ'«rﬂ hrywoneky~fur puocter Cla [les ,\,Hmz. 1l

\

z
A- Tewmp pﬂxfrlf ol |1’£‘L{rr€£{ to S0 fo 1200 °%_
= \.oad 70Ql+/lcwv1/‘ VV\({QSMMMJ Ant .—e‘:(p:“——eaﬁ
S - F\/\DI“\”'-\rP (‘n../'d-( le rat 2o u)f“f':/

DYMW 7Y g9k
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-1 030716C.ngb-dsv
Date/Time: 3/9/2016 2:22:56 PM (UTC-7)
End Date/Time: 3/8/2016 2:54:57 PM (UTC-7)
Laboratory: 55-0004-0208

Operator: DMWY

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: WIPP Surrogate SFWB8-15-1 030716 C

Furnace: STD SiC(PC)
Sample carrier: DSC(TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mimin predefined
Gas2: ARGON Flow: 30mlmin predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acg.Rate Duration
°C K/min  pts/min  hh:mm

Stand-by heating 300 20.0

-~ Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

s Final stand-by heating 30.0 40.0 00:08

Final stand-by isothermal  30.0 02:00

DSC DSC Range:

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:

Furnace TC: S
Sample TC: S

STC G1 G2 G3

[ = P G Sy
[ J = JE G S Gy
oocococoo
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5000 pVv

30000 mg
SFWB8-15-1 030716C
SFWB8-15-1 030716C
31.69mg

DSC/TG pan Pt-Rh
0mg

empty

Omg

0Omg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-1 030716C.ngb-dsv
3/9/2016 2:22:56 PM (UTC-7)
3/9/2016 2:54:57 PM (UTC-T7)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 pV

Remark: WIPP Surrogate SFWB8-15-1 030716 C

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Area (DSC),0 2,326 J/g 7.5 min 8.3 min
Onset (DSC) 382°C 0.8 min 5.8 min
Onset (DSC) 97.0°C 7.5 min 8.1 min
Onset (DSC) 116.2°C 9.0 min 10.5 min
Peak (DSC) 147.6 °C/0.3894 mW/mg 8.9 min 12.9 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:

128

30000 mg
SFWB8-15-1 030716C
SFWBB8-15-1 030716C
31.69 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0 mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/-—

Created with NETZSCH Proteus software



lon Current *10- /A

TG /% DSC /(mW/mg) Temp. /°C
4 SFWB8-15-1 030716C 1
—-— 147.6 °C, 0.3894 mW/mg T R 3.0
.+_" S —— =-o..~.<34.uc m P05 1
1 [155?&'@&1&1.-]?3;?'1&:4]“5\' | _
90 - \ I i 2.5 | 300
o T t [Zisfabs- 51 G&;?gé?:_rﬁ Nimp
. o - " = o 'a":!? i [
: Onset: 38.2 °C \ (— e OO0 | | 555
; S : s . 2.0
80 = 165 1C {4} wbb-1 8T D307 TR_miS STimp !
= \ ID'!C.:.-._WTIEI [
il {61 sfabE-155 030738 miE STimp
- a toni‘.]?g:t I I 200
) . B 5fb5-15-1 D30T 16c_maT STimp H 1 5
-t . Ot --05 : :
70 . L. [T s#wb5-15-7 0307 16c_m30 D3imp c
1 v Y - ' L 150
1 & N [B1siab5-35-1 0807 165_m35 Simp i
g ' amp. F
60 J o) S - [&Isfﬂb&-:tj?ri%;?nfgéunﬂﬁimp I 1 0 [
4 il \ \ -13.78 % [.c.?.ts-.l'f.n -%:"?:g:ﬂmss‘.m u 1 0 B 100
1 ol ~ 275 8C Jon Cureit ~ e
E o L ' [41558bE-15-7 O30T 60_md TSt imp
] Onset: 97.0°C .- : o ST 0.5
50 1 Area 2326 JG" = S § -50
: A R e ke e \- '8.30% L L
40 A Onset'115.2 °C - 0 0
T T T T T T T Y T y T T T y T T T y Y T T -
, Time /min
Main  2016-04-26 08:59 User: 113674 SFWBE-15-1 030716C .ngb-taa
[#] Instrument File Date Identity Sample Mass... Seg.. Range Atmosphere Corr.
[1] STA 409PC/PG SFWBB8-15-1 030718C.ngb-dsv  2016-03-08 SFWBS8-15-1 020716C SFWBS8-15-1 030716C 321.69 1A 30°C/10.0(K/min)/360°C ARGON/50/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 0307 16c_m2.00.imp 2016-03-09 sfwb8-15-1030716c Mass 2.00 1M 36°CN A(Kfmin)/1°C -
[3] QMS 403 sfwb8-15-1 0307 16c_m11.98.i/mp 2016-03-08 sfwb8-15-1 030716c Mass 11.98 17 36°CM A(K/min)/1°C -
[4] Q45 403 sfwb8-15-1 0307 18c_m15.87.imp 2018-03-00 sfwbB-15-1030718¢ ass 1597 14 FHCNAKrmn)1°C
[5] QMS 403 sfwb8-15-1 030716¢c_m16.97.imp 2016-03-09 sfwb8-15-1 030716c  Mass 16.97 171 36°CN H{Kimin)/1°C —
[6] QMS 403 sfwb8-15-1 030716c_m17.97.imp 2016-03-09 sfwb8-15-1 030716c Mass 17.97 11 28°C1 1(Kimin)/1°C -
(7] QMS 403 sfwb8-15-1 0307 16c_m30.03.imp 2016-03-09 sfwbB8-15-1030716c Mass 30.03 11 36°C/ . 1(K/min)/1°C —
(8] QMS 403 sfwb8-18-1 0307 16c_m35.94.imp 2016-03-09 sfwb8-15-1 030716c Mass 35.94 n 36°CA 1(K/'min)/1°C —
9] QMS 203 sfwb8-15-1 0307 16¢c_m43 91 1mp , 2015-03-09 sfwb8-15-1 §307186¢ Mass 4391 " /BT UK/mn)1*C
[10]QMS 403 sfwb8-15-1 0307 16c_m45.91.imp 2016-03-09 sfwb8-15-1030716c Mass 45.91 " 36°CH 1(K/min)/1°C -
[11] QMS 403 sfwb8-15-1 0307 16c_m47.91.imp 2018-03-09 sfwb8-15-1 030716¢ Mass 47.91 1”1 36°CH 1{(K'min)/1°C e
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PMT2-MPR-DOP-015-
R3-FM1

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: _ <SS\ 3%-15-1 C

Location: GZT O

Thermal Analysis Data Sheet

[XUse Every Time
DOP and DS Verification (Section 5.3)

Parameter Data Units Ag:il:::;“ Performed By
DOP is latest
. .. Revision | effective revision, as
Current DOP effective revision ‘RL{ S verified on Initials
Documentum _
\ 7L
@ Z No.
Verify that DS is the current / No
A ¥ _C
effective version. Zle one) N/ = m
Date -
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG / @S_C) )
N/,q QZ-~2%-]77 Initials
Cal. File Name: T To e 022406 [uWJTpo 0216
]
Temperature & Humidity Monitor oY 189: (R (B Ay 4 ] ]3 g —-Ez
= Z No.
Calibrated Thermometer (for Water Chiller) AN A Y / A
Wall Clock - m
e i OY 04§D *-3-(6 Date
Analysis Type: TG / fDSC)a“ other
Crucible Type: alumina TG beaker / alumina DSC pans / Pt@ other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes @ N/A
Glovebox Conditions (Sections 5.3 & 5.4)
- - Cal. E: Performed
Description Cal. File No. 1)’ t:p' % ;; Description
LANMAS / LAMCAS RIL Rk i DM v
Balance ID Initials
) ) Date: 0%~ O%-( (. legoﬂ
Date & Tgne Sadmple Vial (mm/dd/yy) N/A N/A :
pene c A
Time:_ |91 0Y 3-9-14
(24 hour) ' Date
%RH < 15,
N A Initials Initials
Seal %RH/Temp.: 2 Seal %RH 3
Glovebox Conditions %RH/C® | not>3% | LIS 67‘[( | 22807
more than Z No. Z No.
GB235 .0
GB235%RH/Temp.: 0,5 [1.9 [ %RH _D'!;'J_Q L
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: SYWBY-iS-) C Location: _(> 210
Sample Weights (Section 5.4)
Description Cal. File No. C’I';nf:p‘ Performed By Description
03, O‘] / : (? Mm/dd/yy Initials
Date & Time Sample Date: F { (1361 Lﬁ
Weighed - A Z No.
24 hr. )
Time:__ (4 05 3-G-lg
Date
Crucible / Pan Tare W. b 5@
Sl S O. | 6"[ Y Q N/A Initials nitials e
L1362Y | 120827
- grams Z No. Z No.
Net Sample Weight DO"bl%% >3g,<18g G-l _’[ﬁé
Date Dal

Instrument Setup (Section 5.4)

. Acceptance | Performed 8
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES @
Ev;;;:l;:;‘l:l)]n / (circle one) N/A NiA
Backfill / Carrier Gas Type:U A P A/~
Piw | g
Gas Pressure Gas Pressure (at regulator): < | 0 psig <10 Initials Tnilals
Gas Flow 1: So 176
Gas & Fl i Z:i J [tes2T
as owmeter a o. L=
) L ZNo.
Readings Gas Flow?2: -~ @) nh:mm N/A o
2-9-16
Time gas flows turned on: Oeb H S | Date Jé!’—b
Baseline (used for [WEFPIOC Begeline. 0308 i6, ngb-bsl
thermal buoyancy L e N/A N/A
correction)
{‘N/4" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-

015,R3

Thermal Analysis with Off-Gas Analysis by

_Quadrupole Mass Spectrometry

Page 56 of 63

MATLNAME: S¥WRY-(8-1C

Run Parameters (Sections 5.4 & 5.6)

Location: (/ﬁ"ll’?-- O

Parameter Data Units Ag:il:::;; i l’erf;;;md Verified By
Heating Rate: 1O C°/min| >5,<20
F ;i o
Maximum Temp.: 350 ¢ ce <1500°C Dm W
(=1000°C for 3013 Packaging) Initials Initials
T tur i o TR P
el;f:fl;?ere Date Started: ©3 "QOS-1 b ” S6 7Y fu"‘z’t
24 hour ZNo. | Z No.
Time Started: (43T mmidd) N/A '& 'Date‘ (‘G D‘:
Yy
Total Analysis Time: _ (YO ', D~
Th St oy O
R:fr';'lgn c:r Sample Temp. at Start: 9 61 ) (€ c? N/A N/A
All Data stored on: “TAS55 NMT-15 Powder
Characterization on Winnmi(2” W
Folder: m P p Initials
Run Data Files | Netzsch Measure Filename: N/A N/A JléNﬁ_T‘!
0.
SHWB%13-) D36716C. ngl dsv
ThermoStar Filename: 3 -I?at- ’ b
. e
CSwRY-IS-1 036 C. MDC.
Mass Changes:
1) 36,0, Temp. Range (KT = 165,19 DMW @
2) -13.7 5 Temp. Range (/. 63.)-27¢ _&OL Initials Initials
T Wt. %/
Proteus Data | 4 _ 5,30 Temp. Range (2.25.¥:3%0 9 oG Total <0.4 H‘Eé;?l{ 72;;52«7
9 __ TempRange(______) 5926 3&[&
Date i
Total mass Change:
S$ 197
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _ SS W 2%-1S+] C Location: C)-Z:C 0
Gas Data (Section 5.6
Parameter Data Units A:;:i‘:;:“ P"'f;;""’d Verified By
lati ecies:
Operator

) 2/ W0 peakT([34.0°C. )
V]
2) (( PcakT(l‘-lf.cl¢ 2.234)C Volatile B
ThermoStar -(—QL— N/A ”5, Y

Species/
; )
L AO/AR, Peak T (/1AL 2439 0y °C " ZNo.
4) Peak T ( )
5) Peak T ( ) M
—_ FE Date
Total Moisture = mg f______._-——-
W% .9 ?_j__(,,‘i.-—'/ Tnitials s
Total | Dateofinost ecent calibeations.  fceet |
Moisture m  dd »w Wt.% | <0.32
(H:0) | % Error (RSD s V! §7Y Z No. Z No.
/A/ DY _00x +
N [ Std. Error Slope . u
Signatures
Parameter Data Units Ag:::;ce Performed By
I/
Operator
Operator — DS review N/A N/A 113674
Z No.
5 5-/6
Date
&){)ﬂﬁlwl"
Supervisor — DS Review N/A N/A 0959
Z No.
o2
Date
Jd A1
OR
Quality Representative — DS Review N/A N/A 1+ f 17 H
Z No.
Alr5/ 1L
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:

A)//‘ I"""‘"""V’ﬂw

I~ Cal. Tl F ot H’.Pm»w/ for OPC Jurrumendath

1 Calihpdid Thormommeter fon Cluller Woter pn,7 r'elgurra_/

1. Tewp. Prob) K(‘_ :«o/rﬁ:}urﬁ'w" Fi 5 e fe /f’UdC-‘

. (mﬁ”LRH/Tew:o Mmj m%wm.,

S - /un;Hva lm/ﬂ/;/{ HJOT EOQUTR (b

e w 73;.111677 2 -9 /6

134



Instrument: NETZSCH STA 408PC/PG
Project: WIPP

Filename: SFWB8-15-1 ACID A.ngb-dsv
Date/Time: 3/10/2016 9:42:24 AM (UTC-T7)
End Date/Time: 3/10/2016 10:14:25 AM (UTC-7)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Ty pe: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: surrogate + acid: first run

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 ml/min predefined
Gas2: ARGON Flow: 30 mi/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min pts/min  hh:mm

-~ Stand-by heating 300 20.0

--- Stand-by isothermal 30.0 00:05

1 Dynamic 3500 10.0 100.00 00:32

--  Emergency 370.0

-~ Final stand-by heating 30.0 40.0 00:08

-~ Final stand-by isothermal  30.0 02:00

DSC DSC Range:

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

OO0 = =2 b b
OO0 =2 & = -
(== Qe e e o Y o
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5000

pv

30000 mg

SFW
SFW

B8-15-1 ACID A
B8-15-1ACID A

26.63 mg
DSC/TG pan Pt-Rh

0mg

empty

0mg
0 mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus soffware



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-1 ACID A.ngb-dsv
3/10/2016 9:42:24 AM (UTC-7)
3/10/2016 10:14:25 AM (UTC-7)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv

DSC/TG pan Pt-Rh

5000 pv

Remark: surrogate + acid: first run

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 379°c 0.4 min 5.6 min
Onset (DSC) 90.5°C 6.6 min 7.9 min
Area (DSC),0 8.594 Jig 7.0 min 8.1 min
Onset (DSC) 108.4 °C 8.4 min 8.9 min
Peak (DSC) 141.8 °C/0.4595 mW/mg 9.2 min 12.4 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:

136

30000 mg
SFWB8-15-1 ACID A
SFWBS8-15-1 ACIDA
26.63 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/-—-

Created with NETZSCH Proteus software



lon Current *10-5 /A

TG /% DSC /(mW/mg) Temp. /°C
1 SFWB8-15-1 + 200uL HNO3 f 0.3M HF - A T exﬂ 1
4 Peak: 141.8 °C, 0.4595 mW/mg i L
100 123.2C 3% L 350
] = ae ’ s . [
. N L —— mt05 [20 |
d Enﬁ;.s‘-.ﬁq%m-;b-m L H 300
90 -1 — DsC L
P s Tamp.
: i [Efzfabi-i5t x:i:_':gl‘:})ﬂ [
. Onset: 37.9°C -33.59 % 3-,;.:.-&-..-!??.32”;}.:.-;..;": - _
] 161 2C : SRR 00 F1.8 | 250
jon Lurent - -
80 -1 [4jsiabE-151 a:';_a_mi.\.@?.imp . -
1 o Corert 7 L 7
- [5; 2iwbE-i 51 asd a_miGSTimp i
o loﬁctir;r?t .- 200
- B =fabs-15-7 x:’%;;;:: TETimp
70 B le Curmnt - L
p [Tisfabs-150 apza_m3003imp ™ 1 _0 L
Tarme. - 5 L.
1 [BiefabB 15t .;:;?a'_rrlassq.m L 0' ! 150
" Tame. 1 L
o lan Curent
60 i ie;mﬁ';a-x.;s::;pmu'. imp
1 ?g;«?:ign?;?ir.ﬁwn I | I7 100
1 Onset: 90.5 °C PREEERRTTT 2384 % F05 |
. (17 55351 359 3_mATS5.imp L _1 0 L [
50 1 Area: 8.594 J/g — o | | 50
.| i B — N ‘ 1.9 '
Time /min
Main  2016-04-26 09:10 User: 113674 SFWBB-15-1 ACID A.ngb-taa
[#] Instrument File _ _ Date |dentity Sample Massimg Segment Range Atmosphere Corr.
[1] STA 409PC/PG SFWBS8-15-1 ACID A .ngb-dsv 2016-03-10 SFWB8-15-1 ACID A SFWBB-15-1 ACIDA 28663 mn 30°C/10.0(K/miny350°C ARGON/50/ARGON/30 { <no gas=/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 acid a_m2.00.imp 2018-03-10 sfwb8-15-1 acid a Mass 2.00 111 38°C/0.8(Kiminy1°C -
[3] QMS 403 sfwb8-15-1 acid a_m11.98.1mp 2016-03-10 sfwbB-15-1 acid a Mass 11.98 n 36°C/0.8(Kimin)y1°C —
[4) QIS 403 sfwb8-15-1 acid a_m15.97.imp 2018-03-10 sfwbB-13-1 acid a kiass 15.97 11 A5°C/0.8(KImin)1°C -
[5] QMS 403 sfwb8-15-1 acid a_m16.97.1mp 2016-03-10 sfwbB-15-1 acid a Mass 1697 1 36°C/0.8(K/min)1°C -
[6] QMS 403 sfwh8-15-1 acid 2_m17 97.imp 2016-03-10 sfwb8-15-1 acid a Mass 17.97 11 36°C/0.8(K/min)1°C -
[7] QMS 403 sfwh8-15-1 acid a_m30.03.imp 2016-03-10 sfwb8-15-1 acid a Mass 2003 11 36°C/0.8(Kimin)1°C -
[8] QMS 403 sfwh8-15-1 acid a_m35.94.imp 2016-03-10 sfwb8-15-1 acid 2 Mass 35.94 11 36°C/0.8(Kimin)y1°C —
[@] QWS 403 sfwbB-15-1 acid a_m43 91 imp 2016-03-10 sfwo8-15-1acd 3 Mass 43 91 11 00 BK/mn 1 1°C
[101QMS 403 sfwb8-15-1 acid a_m45.91.imp 2016-03-10 sfwb8-15-1 acid a Mass 4591 1/ 36°C/08(K/min)y1°C -
[11] QM S 403 -sfwb8-15-1 acid a_m47 91.imp 2016-03-10 sfwb8-15-1 acid a Mass 47 91 111 36°C/0.8(K/min)1°C -
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PMT2-MPR-DOP-015-

R3-FMI

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATLNAME: YW B3§-18-] ACED A

Location:

Thermal Analysis Data Sheet
DXUse Every Time

DOP and DS Verification (Section 5.3)

e =ALY)

Parameter Data Units Ag:if::;“ Performed By
DOP is latest
! : Revision | effective revision, as dmw
Current DOP effective revision R\ E— veriﬁe:cn Initials
Documentum
(13674
Z No.
Verify that DS is the current VA . _
effective version. le one) -lo-1 6
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG / @) DMw
o Initial
Cal. File Name: (2 s ¢ e e 0220 (b vspe g229(04 N /.r'\ O_’-, 21 / 177 e
Temperature & Humidity Monitor OY 1 ??3 LO-28 - ( g pI3g7Y
Calibrated Thermometer (for Water Chiller) ~A n / A e
Wall Clock . O4¥0oY4Ygo & -3-l6 l'!-%b
Analysis Type: TG / @89 other
Crucible Type: alumina TG beaker / alumina DSC pans ( Pt DSC pans / other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes /No N_/&
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. = "";;""" .
LANMAS / LAMCAS . DMw
N/A N/A =~ RALATS
Balance ID % S & Q Initials
. 3674
. . Date: __ o3/ (0/1 6 367,
Date & Time Sample Vial (mm7/dd/%y) stk ik Z No.
Opened . - 1O~|
Time: O ' L4 R
( 24 hour) Date
%RH<15,| DmMw
Initials Initials
Seal %RH/Temp.: N /A Seal %RH
Glovebox Conditions %RH/C® | not>3% | 113674 | | Le€ Y
more than Z No. Z No.
[ St | 3106 3lof e
%RH/Temp.: 0. S% %RH YO~
GB235%RH/Temp.: 0.6 [2¥ S% 2 ol
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _S Y ¥-15-1 ACTDA Location: _ (5272 O
Sample Weights (Section 5.4)
Description Cal. File No. L X Performed B, e
Date y Description
Lmw
: Date: 45 - 10O~
Date & Tr.me Sample ~ ik U3 (7Y
Weighed Z No.
24 hr.
Time:__ 09\ 27] 21016
Date
Crucible / Pan Tare Wt. : Dmw | e
O.1664¥ N/A Initials Initials
13674 | ) 20527
grarns Z No. Z No.
Net Sample Weight DO Z663 >3g,<18¢g
3 -{0-i( jﬁqﬁ(a
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units Ag;l::::“ Perf;;med Verified By
Sample Chamber Evacuated? YES f@
Evacuation / (circle one) .
Backfill ‘ L e
Backfill / Carrier Gas Type: UHP Ay
Dmw
Gas Pressure Gas Pressure (at regulator): _< | O psig <10 Initials ‘\%
Gas Flow 1: SO
Gas & Flowmeter . 30 shic N/A Z No. LM—Z No
Readings Gas Flow 2: mm ¥
3-10-16
Time gas flows turned on: Qoz AL Date QAD%Q‘I'
(
Baseline (used for |(JELPP 30C Besels ~ U303 b, vﬂ b-fosv
thermal buoyancy Filenaine: N/A N/A
correction)
('N/4" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _ SYWR ¥ -(S-| ACTD A Location: _ G270
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units Ag::if::;:l ad P“f;;med Verified By
Heating Rate: _ [ Q C°/min| =5,<20
Maximum Temp.: 3 S0 ¢ co <1500°C @D
(>1000°C for 3013 Packaging) Initials Initials
Temperature
Profile Date Started: ©3 210 - | G 24 G llztgq -
Time Started: (0% [ 46 ) N/A 1-10-16 o
d mm/dd/ i s
Yy
Total Analysis Time: _ ()0 32
ThermoStar "
Refirence Sample Temp. at Start: 5 S g C N/A N/A
All Data stored on: “TAS5 NMT-15 Powder
Characterization on Winnmt2” .
MW
Folder: [}\JT Dﬁ
Lep
Run Data Files | Netzsch Measure Filename: N/A N/A L 2 N7
0.
STWE¥1S-1 Actd A, ngh-dsv
ThermoStar Filename: 3 ;[)f :')' 4
" —. ale
CEWRE-(S-1 ACTDA . mdC
Mass Changes:
1) '33*S.i Temp.Rangc(RT"'l'U.z-;) MM @
2) -13 -b"’l Temp. Range (16).2~ 5":‘:) Initials Initials
Wt. %/
Proteus Data | 5 Temp. Range ( ) oC Total <0.4 H'é ;3‘4 ’zzoﬁiz-\
4) ____ Temp.Range( ) 2-10-1§ _ﬁiﬁq
Date Da!
Total mass Change: - B 7R 70
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 57 of 63

MATLNAME: SYW B 9-13-] AcZD A

Location: (27 0

Gas Data (Section 5.6
Parameter Data Units A:;:II:::;" Perl';;med Verified By
Volatile ies:
- ‘;%perator
1) Ro0fo PeakT( |2%.2¢ )
)
2) (O, PeakT( DY, 216.7¢) Volatile
ThermoStar —— . .
s Species / N/A 36 be
Data | 3) jofvo, Peak T((50.4 23380 oC . ZNo.
4) Peak T ( )
< -10~
5) PakT(____ ) Sk}
Total Moisture = mg
i
Wt % 1o 14 |~ Tnitgls —~ Initas
Total ibration: ____/____/ 5 | e
Moisture A dd  yy W% | <032
(H:0) % Error (RSD.S): \ V Z No. Z No.
= MY =100x +
=
N I 1 Std. Emor  Slope = —
]
/ Signatures
A
- Parameter Data Units ccc:i]:et:il;u Performed By
DM
Operator
Operator — DS review N/A N/A
Z No.
% -l0-/4
Date
)
Epcnrisor
Supervisor — DS Review N/A N/A S ol/Z
Z No.
Y/2E//6
Date
& w
QR
Quality Representative — DS Review N/A N/A ! &?N_""f
Q.
s/35/1{
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
N/A Swvamer: J‘

- al.Crle # Hr JOY jnstrumanct iy pa? Wmlj
B (cd? b 7hnn—om(v ﬁ:/' \Uoﬂ’a;—tfa //1'/"‘ hu?‘ g (4l

= _T;mﬂ.ﬂn(:'/ic M-h"; f“iﬁ?u.'!‘{.g/ £q 2¢ e OWIDD, [.

i ?Jeoj 7o RH /‘Tewzg’ .ff\.lai'nthJ naf !‘&E?.H:"L_i/

S= ! M G;.l WIE ¢ G}F‘—I:E'b»'vl./‘{ f\ \\-f’ ’\1?-4[_ f,f;r'(" (';}
Dnaw 1N367d 2-(C- (&
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWBB8-15-1 ACID B.ngb-dsv
Date/Time: 3/10/2016 11:23:30 AM (UTC-7)
End Date/Time: 3/10/2016 11:55:30 AM (UTC-7)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-1 ACID B

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mi/min predefined
Gas2: ARGON Flow: 30 ml/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min  pts/min  hh:mm

- Stand-by heating 30.0 200

- Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

- Final stand-by heating 30.0 40.0 00:08

-— Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Furnace TC: S
Sample TC: S

STC G1 G2 G3

- =

[ Yt = JIPY Pt NS PR §
OO = cd wd -
(===l =l]

143

5000 pVv

30000 mg
SFWB8-15-1 ACID B
SFWB8-15-1 ACID B
1418 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWBB8-15-1 ACID B.ngb-dsv
Date/Time: 3/10/2016 11:23:30 AM (UTC-7)
End Date/Time: 3/10/2016 11:55:30 AM (UTC-7)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

DSC DSC Range: 5000 pV

Remark: SFWBB-15-1ACIDB
Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 48.0°C 0.0 min 6.7 min
Onset (DSC) 821°C 6.3 min 7.0 min
Area (DSC),0 5.05J/g 6.3 min 7.5 min
Onset (DSC) 108.4 °C 8.2 min 9.0 min

Peak (DSC) 138.9 °C/0.8433 mW/mg 9.6 min 12.1 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

144

30000 mg
SFWB8-15-1 ACID B
SFWB8-15-1 ACID B
14.18 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/---

Created with NETZSCH Proteus software



lon Current *10- /A

TG /% DSC /(mW/mg) Temp. /°C
4 SFWB8-15-1 + 10M HNO3 / 0.3M HF B T ex{q
4 115.8C 138.9 °C, 0.8433 mW/mg i
i NT 10
100 _h“ aek ) _350
4 —— Sy, , i - 1 0 i
1 — e 0
90 - —~— L 300
: .-".'l [57EE61 AS2E - 05 08
. -38 42 0/0 T [] St acng;;}éwm - a 250
80 ] Onset: 48.0°C [ EEE i L 0.0
i e 8] w1 e s 7.0 i IE 06 ! 200
70 N o i [qlm§g$§|eym :
. ! il [qlsy;.;-ﬁ‘a;a%%.n:‘:.w 9. '-' -05
: ' mmlsrfgc%:_e:mcsnp - L. 0 4 ~ 150
b ‘— [q:m:aﬁﬁym : ’
60 1 Onset 821 °C s e L 1.0
o \ [E) SWad-15-1 3 0_Ts 81 Mo » 3
. ~ -14.05 % A [ - 100
= s o P a\":dl‘;‘:?_‘ﬂléﬂ o I
1 Area: 5.06 Jig 2829C ¢ T E
50 7 [|?]s@|£§z£?urstm & 02
40 1 Onset’ 108.4 °C 0 0
- - . v - T v - - - T - - - - T - - - . T T T -
, Time /min
Main 2016-04-26 09:23 User: 113674 SFWB8-15-1 ACID B.ngb-taa
[#] Instrument File Date |dentity Sample Massimg Segment Range Atmosphere Corr.
[1]1STA 409PC/PG SFWBB-15-1 ACID B.ngb-dsv 2(16-03-10 SFWBB-15-1 ACIDB SFWB8-15-1 ACIDB 14.18 11 30°CA0.0(K/min)/350°C ARGON/S0 / ARGON/30/ <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 acid b_m2.00.imp 2016-03-10 sfwb8-15-1 acidb Mass 2.00 1/1 40°CN.2(K'min)1°C —
[3] QMS 403 sfwb8-15-1 acid b_m11.98.imp 2016-03-10 sfwb8-15-1 acid b Mass 11.98 n 40°C/1.2(Kimin)/1°C -
[4] QMS 403 sfwb8-15-1 acid b_m15.97.imp 2015-03-10 siwb8-15-1 acidb [lass 1597 11 40°CH1. 2(Kmin)y1°C
[5] QMS 403 sfwb8-15-1 acid b_m16 97.imp 2016-03-10 sfwbB8-15-1 acid b Mass 1697 11 40°CA . 2(Kimin)1°C -
[6] QMS 403 sfwb8-15-1 acid b_m17.97.imp 2016-03-10 sfwb8-15-1 acidb Mass 1797 111 40°CH1 2(Kiminy1°C —
[7]1 QMS 403 sfwh8-15-1 acid b_m30.03.imp 2016-03-10 sfwb8-15-1 acid b Mass 30.03 in 40°CA . 2(Kiminy1°C —
[8] QMS 403 sfwb8-15-1 acid b_m35.94.imp 2016-03-10 sfwb8-15-1 acidb Mass 35.94 11 40°CN1.2(Kimin)/1°C —
9] QMS 403 sfae8-15-1acdb_rd3 91 imp  2116-03-10 shwd8-15-1 acid & Kass 4391 171 40°CH 2{Kimm)1°C
[10] QM S 403 sfwb8-15-1 acid b_m45.91 .ymp 2016-03-10 sfwb8-15-1 acidb Mass 4591 11 40°CAH . 2{K/miny1°C -
[11] QM S 403 sfwh8-15-1 acid b_md7.91 . imp 2016-03-10 sfwb8-15-1 acidb Mass 4791 11 40°CA . 2(Kimin)1°C -

Created with NETZSCH Proteus soffware



PMT2-MPR-DOP-015- Thermal Analysis with Off-Gas Analysis

R3-FMI1 by Quadrupole Mass Spectrometry Page 53 of 58
MATLNAME: 5S¢ (W)3%-(S-] ACTD R Location: -2790
Thermal Analysis Data Sheet
X]Use Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A:;:il:::i:“ Performed By
il DOP is latest )
: _— : evision frecti ision, D
Current DOP effective revision gY st ¢ ec:::: fl.::'::" * Initials
Documentum
U367Y
Z No.
Verify that DS is the current (g;; /No
effective version. (eircle one) A . 3-10-16
Date
M&TE (Sections 5.3 & 5.4)
" Description Cal. File No. Cal, Exp. Date Performed By
Carrier Type (circle one) : TG / @ 2 M/
Cal. File Name: (1 p Teun p 002914 ) witgp 022914, N / A OL-29-17 st
Temperature & Humidity Monitor OY IVPYR jo-es- (¢ 13674
Calibrated Thermometer (for Water Chiller) N/ Q N / A Z No.
3210~
Wall Clock OHOH YD ¥-3-(6 W‘

Analysis Type: TG / @f' other
Crucible Type: alumina TG beaker / alumina DSC pans / w.ﬁ' other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes /No N‘/ A

Glovebox Conditions (Sections 5.3 & 5.4)
Cal. Exp. Performed

Deseription Cal. File No. Date By Description
LANMAS / LAMCAS D
Balance ID R266 A s " Initials
. ) Date: O?)/lt)/f,g j]—?ﬁ"z‘i
Date & Time Sample Vial (mm/dd/yy) _ - e
Opened : 21016
Time: |1 119 SERAAEUN
( 24 hour) Date
%RH < 15,| DMW
Initials Initials
Seal %RH/Temp.: ) / ﬁ Seal %RH
Glovebox Conditions %RH/C® | not>3% | L3679 | L5 2)
more than Z No, Z No.

GB235

GB235%RH/Temp.: ()., 7, [233]S ‘¢ %RH | 3716 Jﬁ_”[fb
] Date Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: ST Wbd¥%-15-1 Acsp B Location: 220
Sample Weights (Section 5.4)
Description Cal. File No, Ol Exp Performed B; P
P . . Date Y Description
_5 16 Mm/ddlyy Initials
Date & Time Sample Date: O -6 ) - | L
Weighed 7 No.
24 hr.
Time:_ 11119 3004
Date
Crucible / Pan Tare W. - DMw :@:
SRR W O0.16960 N/A Initials Iitials
[1362Y | 11057
grams Z No. Z No.
Net Sample Weight O >3g,<18¢g
O § ST
Date Dat
Instrument Setup (Section 5.4)
Parameter Data Units Ag:ll::::;“ Perf;;med Verified By
Sample Chamber Evacuated? YES ANO)
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: VP A
Gas Pressure Gas Pressure (at regulator): psig <10 Initials “Tnitials
Gas Flow 1: SO
3674
- «f hi SRk A A .
Gas & Flowmeter ” "’2"“"“ MBe7H HDNG — _ Z No. (_L:imﬁ?
Readings Gas Flow 2: 7&0 ’ )
3-10-(€] .
Time gas flows turned on: QS : :2- O Date %L-
(4
Baseline (used for [«UTpP 350¢ Baseline O30% 1o .ﬂ:)b\n 4
thermal buoyancy Filename: N/A N/A
correction)
(‘N/A " if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Page 56 of 63

015,R3 Quadrupole Mass Spectrometry
MATLNAME: _STwiX-1S-] HCID & Location: G 27 O
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units INECEDINIRR Eerforuen Verified B
Criteria By ¥
Heating Rate: (O C°min| =5,<20
Ma.ximum Tﬁmp.: i s 0 Cq < 15009{: B m w @
(>1000°C for 3013 Packaging) Initials Initials
Temperature > /
Date Started: _ ©3 - 10- (b 3674 | 10507
Profile e 24 hour ZNo. Z No.
Time Started: |  * 7.3 . N/A B 0-16 3_’_,3[;_,,
mm/dd/ Date Date
Yy
Total Analysis Time: QO "3 Z—
ThermoStar S &
Reference Sample Temp. at Start: o b 1 ES C N/A N/A
All Data stored on: “TASS5 NMT-15 P r
Characterization on Winnmt2”
——a————————= D Mw
Folder: Initials
WIpp
Run Data Files | Netzsch Measure Filename: N/A N/A t r;r&' Y
0.
SEWI %~ 13-1 AcTD B.ngh-dsv
ThermoStar Filename: L’D{m‘z_'lg
SFWIK-18-1 ACTDY . MDC
Mass Changes:
e L
1 =s%HZ Temp. Range (R1-16%2¢) DM W é:
2)~ (4,08 Temp. Range 65+ 3 ._2\52'3 P Initials Initials
Wt. %/ ,
Proteus Data 3) = 7.60 Temp. Range (Z¥L.2 - 5-5@”)(, oC Total <04 | (3671 | 1L2S2?
—_— Z No. Z No.
4) Temp. Range ( ) - [0-“ J! o !‘!'
Date Daty
Total Ch i
otal mass Change (00T %
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 57 of 63

MATLNAME: >YWB§F-15-| ACTD R

Location: G@ZD

Gas Data (Section 5.6
Parameter Data Units A:;:il::;“ l’erl’;;med Verified By
Volatile Species: A
= Operator
D {0/ Peak T (LIS, 5 )
2) Cog Peak T (] %5.0 /710.3%) Volatile
ThemmoSie Species/| N/A 11367
Data | 3) jofas, Peak T (1280 /2223%) °C TZNo
/ ;
4) Peak T ( )
% -10-
5) Peak T ( ) “Tﬂz—é‘
Total Moisture = mg / B
W% 4.) 0‘_‘,’,6/ e Initials
Total | Date of most recent calibration: [ _L—"" |
Moisture 2 E:W m » Wt % | <0.32
(H;0) | % Error (RSD, ls): )V 2 ZNo. Z No.
1
o/ =100 x “+
I ) X Dat Date
/ Std. Error Slope "
Signatures
Parameter Data Units Ag:il:::‘:“ Performed By
Dm\yy
Operator
Operator — DS review N/A N/A ws (!3 i
Z No.
3-10- 16
=
gupewisor
Supervisor — DS Review N/A N/A (04502
No.
216
Date
M
QR
Quality Representative — DS Review N/A N/A IH4: 14
Z No.
Hlr5/1L
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
ALJA Swmmepy

1= Cal Silet o VPC justoumend ic it require

2~ Ca0\ ). Tm_m,\gwu??af_ ! reo uind G water chiflen

- Pl ant rRounired i’orf}/ﬁ“f'o 100%,

0= JZJE\-“ -T;’M}o of S:’Q,e - )"«DT" N—?Mfw

s _r’M a2y {'\.\N’ (& ‘i"’lft' f’l]l f’“% rﬂ? M;N/
T )

/113{2Y d-lo-/[6
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-1 ACID C.ngb-dsv
Date/Time: 3/10/2016 2:11:42 PM (UTC-7)
End Date/Time: 3/10/2016 2:43:43 PM (UTC-7)
Laboratory: 55-0004-0208

Operator: DMwW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SURROGATE WITH ACID 3RD RUN

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1:
Gas2:
Gas3:

ARGON Flow: 50 ml/min predefined
ARGON Flow: 30 ml/min predefined
<no gas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min  pts/min  hh:mm

- Stand-by heating 30.0 200

-~  Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

- Final stand-by heating 30.0 40.0 00:08

— Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

OO0 =b ek k-
OO0 =h «d & =b
(=R =Nk
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5000

pv

30000 mg

SFW
SFW

B8-15-1ACID C
B8-15-1ACIDC

20.39 mg
DSC/TG pan Pt-Rh

0mg

empty

0mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWB8-15-1 ACID C
Filename: SFWB8-15-1 ACID C.ngb-dsv Sample name: SFWB8-15-1 ACID C
Date/TIme: 3/10/2016 2:11:42 PM (UTC-7) Sample Mass: 20.39 mg

End Date/Time: 3/10/2016 2:43:43 PM (UTC-7) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0Omg

Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-isv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible
Crucible: DSCITG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas=>/-—-
DSC DSC Range: 5000 pV

Remark: SURROGATE WITHACID 3RD RUN

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 39.7°C 0.3 min 5.6 min
Onset (DSC) 855°C 6.1 min 8.2 min
Area (DSC),0 15.15 J/g 6.6 min 8.3 min
Onset (DSC) 1M11.2°C 8.8 min 9.2 min

Peak (DSC) 142.2 °C/0.4933 mW/mg 10.0 min 12.0 min

Created with NETZSCH Proteus software
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lon Current *10- /A

TG /% DSC/(mW/mg) Temp./°C
1 SFWB8-15-1 + 200 uL 10M HNO3 / 0.3M HF C T EXH B 1 0
d 122.6C 142.2 °C, 0.4833 mW/mg P - 18
100 -_'l—'l=__‘ [/1} | - - 350
: \\ ‘-_,."' ' ‘16 L
- i 05 [, 300
q EbEE s 6 m200.mp I L 2 L
- . Tam 1
q -3562 % e g gjsfa-bs-:s-l?:fu";f:r:sam i 250
. ¥ o L 4 Tamp - i
80 : Onset: 39.7 °C \ 163.7C I"Ef*tﬁfi-'-?:‘;;_iz;gﬁﬁ'?m L 00 ’ 1.2
- \ e i p:s‘;ts—'&':orfuwfgrésr : B
¥ _.-" ? —p»ws- Iun:m 9?“ - 1'0 -200
- sabE-15-1 ani ..,_nn'-' mg L
70 -. \ g ' i rr;;‘;namlfra%":‘:w:am-p Ir —05 - 08 1 50
L _“ lon Curart I | "
: P Qg ¥ S i : 06
60 - Onset: 85.5 °C . \ ﬁ]s‘wa:f-; i:f: ;:.1351 e ! "
- 2 \ \ [iojsfabi—i_k:a;;;.!c_r_lm&m.m i '1 .O [ i 100
: -~ —_cems  -2485% | | 0.4
50 (Areetaissg ~ ST~ [ |
1 - : \ leon Cured | . 50
' 45 [02
; = 15 oc 230.4C ....... d
40 y — — b -0 el
0 5 10 15 20 25 30
_ Time /min
Main 2016-04-26 09:34 User: 113674 SFWBB-15-1 ACID C.ngb-taz
[#] Instrument File Date Identity Sample Mass/mg Segment Range Atmosphere Corr.

[1] STA 409PC/PG SFWB8-15-1 ACID C.ngb-dsv 2016-03-10 SFWB8-15-1 ACID C SFWBB8-15-1 ACID C 20.39 1 30°C/10.0(K/min)/350°C ARGON/50/ ARGON/30 / <no gas=/— DSC:020, TG:020

[2]1 QMS 403 sfwb8-15-1 acid c_m2.00.imp 2018-03-10 sfwb8-15-1 acidc Mass 200 11 38°C/0.8(Kimin)'1°C —-
[3] QMS 403 sfwb8-15-1 acid ¢_m11.98.imp 2016-03-10 sfwb8-15-1 acidc Mass 11.98 n 38°C/0.6(K/min)1°C -
[4] QKIS 403 sfwb8-15-1 acid ¢_m15.97.imp 2015-03-10 sfwb8-15-1 acid ¢ ldass 15.97 171 38°C/0.6(Kmin)/1°C

[6] QMS 403 sfwb8-15-1 acid c_m16.97.imp 2016-03-10 sfwb8-15-1 acidc Mass 16.97 17 38°C/0.6(K/min)/1°C -
[6] QMS 403 sfwb8-15-1 acid ¢_m17.97.imp 2018-03-10 sfwb8-15-1 acidc Mass 17.97 1M 38°C/0.6(K/min)'1°C -
[7]1 QMS 403 sfwbB-15-1 acid c_m30.03.imp 2016-03-10 sfwb8-15-1 acidc Mass 30.03 11 38°C/0.6(K/min)/ 1°C -
[8] QMS 402 sfbi 15-1 acid c_m35.94.imp 2016-03-10 sfwb8-15-1 acidc Mass 35.94 11 38°C/0. S(Kfmln)H“C —
(9] QMS 403 sfwb8-15-1 acid ¢_m43 81 wmp 2018-03.10 sfwb8-15-1 acid ¢ Mass 43 91 141 38°CI0 BiK/miny'1*

[10] QMS 403 sfwb8-15-1 actd c_m4591imp 2018-03-10 sfwb8-15-1 acidc Mass 45.91 1 38°C/0.6{(K/min)/ 1’C -
[11]QMS 403 sfwb8-15-1 acid c_md47 91.imp 2016-03-10 sfwb8-15-1 acid ¢ Mass 47.91 11 38°C/0.6(Kimin)'1°C
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PMT2-MPR-DOP-015-

Thermal Analysis with Off-Gas Analysis

R3-FMI by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: SYWB8 -18%-] ACID (. Location: _ (7 ()
Thermal Analysis Data Sheet
Xuse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Accc.pta.n v Performed By
Criteria
DOP is latest
. .. Revision | effecti isi DMmw
Current DOP effective revision KY — Ev:zé::f::n’ ® nitials
Documentum
36724
Z No.
Verify that DS is the current N/A Yes
effective version. (crrele one) 310~
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG [/ @ W
Initial
Cal. File Name: Wi 1€ P 02291 6 [wipf02291f N/A Z-1%-\77 e
Temperature & Humidity Monitor oY1 ¥ kX lo.28 1L | l@b Y
Calibrated Thermometer (for Water Chiller) N /A N / A s
, 306
Wall Clock OHOY PO ¥-3-16 Date

T
Analysis Type: TG I(QS_?; / other

Crucible Type: alumina TG beaker / alumina DSC pans / Pt DSC paﬂs / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes/No Ma

Glovebox Conditions (Sections 5.3 & 5.4)

- . Cal. Exp. | Performed
Description Cal. File No. ’Dat:" ¢ ;;"‘ Deseripiod
LANMAS / LAMCAS “
M
Balance ID B3ec A e Dﬁ_
: . Date: O'-S;b O[ L -“—_%zi
Date & T(l)me Ss:lmple Vial (mm/dd?yy) Kk —_ -
pene _
Time: [ 4 | OS 3-10-16
{ 24 howr) Date
%RH<15,| Dimn/ | S
Initials Initials
Seal %RH/Temp.: AZ / ﬂ Seal %RH
Glovebox Conditions %RH/C® | not>3% | (13674 | | LeS27
more than Z No. Z No.
GB235
GB235%RH/Temp.: 0.4 [33.) | %RH ‘3&#6 l!gl&
c e
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: _QY )R X ~)S-( ACIDC Location: _ (3 772 O
Sample Weights (Section 5.4)
Description Cal. File No. C‘l')"f:"' Performed By Deicitjios
Dw
Mdefyy Initials
g Date: O>-10-]1 6
Date & Tl-rl'le Sample ~ —_— L1367Y
Weighed Z No.
24 hr.
Time: |4 :07] 3-10-0¢
Date
Crucible / Pan Tare Wt. O. 16350 Dmw
-0 N/A Initials Initials
DM W 11367 3-10=16
11367¢ | 20§ ™?
gral'ns Z No. Z No.
Net Sample Weight ; >3g <l18g
O.0Z03% 2-10-16 | Bfioflb
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units “g:l'::i':“ P"';;'“‘d Verified By
Sample Chamber Evacuated? YES NB
Evacuation / (circle one) .
Backfill hia A
Backfill / Carrier Gas Type: Lk ﬂ r
Dhiw
. : iti
Gas Pressure Gas Pressure (at regulator): _ <~ | O psig <10 Initials Tnitials
GasFlowl: _ SO
11362y
. Z No.
Gas %ei‘é?;r: e GasFlow2: 50O nh:mm N/A ° Z No.
» 1-10-16
Time gas flows turned on: 0 9 ; LO Date o
Baseline (used for wTIpP310C ‘3‘-\3'&1"% O30%16. ﬁ‘j‘o “byv
thermal buoyancy Filename: N/A N/A
correction)
('N/A ' if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: _SYWRX-{S-] ACTD C Location: _G 27 O
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units Ag:"l’:‘:i':“ P"f;;““" Verified By
Heating Rate: _|_O__ C°min| >5,<20
Maximum Temp.: '5 SO o o
ety C <1500°C | DM
(=1000°C for 3013 Packaging) Initials Initials
Temperature - ; .
Date Started: 0% - 10-1 6 U367 [ 12087
Profile e 24 hour, Z No. Z No.
Time Started: |4} | S y NA | meiol | 3f "EE‘ (2
mm/dd/ Date Da
t—=- Yy
Total Analysis Time: _( ! O '3 L
ThermoStar : &
Reference Sample Temp. at Start: > 3.3 e N/A N/A
All Data stored on: “T, NMT-15 Powder
Characterization on Winnm{2”
Folder: Py
b\):g P p Initials
5 dsv |
Run Data Files | Netzsch Measure Filename: N/A N/A Uzzéﬂ
0.
CSEWBE-1S-| AcTpCL, MDe
ThermoStar Filename: w
ate
Mass Changes:
o
1) =53.6Z Temp. Range - f Q]LJ @
21 68 “Teinp. Range (| b3. % SL\GC. Initials Initials
Wt. %/
Proteus Data o Total <04 | })347Y | LS
I . | R,
3) Temp. Range C 7 N, 7 Ne.
49 Temp.Range( ) 501 €
é Date Dat
Total h : -
otal mass Change _ g D‘Z/"i ab
Notes:
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: SYWBE-|S-1 ACLDC Location; G220
Gas Data (Section 5.6
Parameter Data Units “"C'”:i':::i';“ p"f;;""" Verified By
Volatile Species: Dmw
Operato
1) i, Ofttlpeak T(_ (126 ) .
]
2) (O,  Peak T(U3LE%, 26,00) Volatile
Theg“"sm' Rl Species/|  N/A 113674
ata | 3y O/, Peak T (LSS C, 25016 °C T ZNo
4) Peak T ( )
5) Peak T ( ) _%—-——*'[:;‘ t6
Total Moisture = mg |
S o X il i6 /
- ’,:.,/--""'"’ Initials Initials
Total | Date of most recent calibration: /[ =" |
Moisture - ™ » Wt. % <032
(H,0) | %Emor®SD,1s): 1156 ZNo. ZNo.
AWV
oM =100 x =
w’ Std. Error Slope Dte Dets
e Signatures
Parameter Data Units Ag;[:::i:ce Performed By
Dran
Operator
Operator — DS review N/A N/A u_*gh).ﬂ_
0.
el b
Date
Fg I %lsror
Supervisor — DS Review N/A N/A ( é f‘; 21
No.
Y 26/[1b
__ Dat
[t
QR
Quality Representative — DS Review N/A N/A (4 le 244
No.
L2y /1L
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer—generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
N /A S v pwdn I

L= UPC (avrouniml not requined b hare (al.Eile #

2o Calils dbcnnsmiker ol wpans s Kom tustis thille

1= Tew p amF' e et wwr\eJ te g0 ta /7200 °¢

—

Y- Seal '7\3{"\“"{11%10 xnt r'{pu;rﬁ_ﬂ’

S - Monkue ;lm:{e,v\/( Pda_o rast rﬁ%._fu*e_d

TYOMW 113674 =2 ) 0=

158



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:
Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-1 PuAm 1.ngb-dsv
4[7/2016 1:43:36 PM (UTC-6)
4/7/2016 2:15:38 PM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

Remark: Surrogate 04-07-16 with 200 ul spike SFWB8-15-1

Furnace:
Sample carrier:

STD SIC(PC)
DSC(TG) HIGH RG 2

Measurement End: Normal end

Gas1: ARGON Flow: 50 mlUmin predefined
Gas2: ARGON Flow: 30 mi/min predefined

Gas3: <nogas> Flow:

Start criteria

predefined

Reset after maximum standby time: No

List of temperature steps:
Num Mode

Stand-by heating
Stand-by isothermal

1 Dynamic

Emergency

Final stand-by heating
Final stand-by isothermal

Temp. HR Acq.Rate Duration
°C Ki/min  pts/min  hh:mm
300 200

300 00:05

3500 10.0 100.00 00:32

370.0

300 40.0 00:08
30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC: S
Sample TC: S

STC G1 G2 G3

[ = [ = [ Qs ey
[ =T = [T ey
ocCoocooo
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5000 pv

30000 mg
SFWB8-15-1 PuAm 1
SFWB8-15-1 PuAm 1
22.364 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-1 PuAm 1.ngb-dsv
4/7/2016 1:43:36 PM (UTC-6)
4/7/2016 2:15:38 PM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 pv

Remark: Surrogate 04-07-16 with 200 ul spike SFWB8-15-1

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 3r8°C 0.0 min 5.2 min
Onset (DSC) 78.7°C 6.0 min 7.6 min
Onset (DSC) 99.8°C 7.7 min 8.1 min
Onset (DSC) 111.9°C 8.8 min 9.1 min
Peak (DSC) 141.4 °C/0.5233 mW/mg 9.9 min 12.5 min
End (DSC) 107.5°C 8.3 min 8.7 min
Area (DSC),0 42.55 Jig 6.1 min 8.4 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

160

30000 mg
SFWB8-15-1 PuAm 1
SFWB8-15-1 PuAm 1
22.364 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/—

Created with NETZSCH Proteus software



lon Current *10-6 /A

TG /% DSC/(mW/mg) Temp. /°C
{1 SFWB8-15-1 + 200 uL Pu-Am spike 1 exﬂ y 18 |
100 3 l 120.8C  141.4 °C.0.52323 mW/mg } [ ¥ L 350
1 = % ‘[‘I\ B 0 5 -
] \ ‘ _'_-h i k | 1 6 !
- \ A Est_itr,:E-: ?uf«Traf rab-szy i A= - N
90 - o0 I ' - 300
] Onset: 37.8°C e "'%';-m"“‘“" - 0.0 14 ||
: N «* Pisfabst 'J:;:;':r"r 1 350me 3
d N Lo Temp F i
80 i \ 4320 % e 3 7 3505 E.I-F:',;iz;{mff S f 1 2 250
d 169.2C G o [5;5-.-»5-:5.‘-.:::‘:3*'_‘.-.-.:6 Fime i '0 5 L
E e Tarep [ L
] o e - 1.0 +200
70 - : —_dwh :
- [T =5wbs-151 puam 1_mdd D3imp
] F10 t08
{ Onset 78.7 °C i ,J".,J* e tia T ’ S
- nset: ; O =-”C;rﬂ *ime i L.
60 ] i oo \ *_ iEewbs-1- p Tim;ml! ’ . 06
I e, [1 35b5- 501 pLam ©_mdS S1ime - ...1 5 ! L 100
s Area: 42.55 Jig g e el !
; 4 e [,——.;t,gn;;a»p _md7 3t imp I '04
=M o o
: h o lor Cunent -19.81 A‘.l h r !l 50
1. End:. 107.5°C o 20 o2
1 (i~ A R HBC N e 214.0C 260,0C 295.3!‘ L. X h L
e A T e X — o vr— .‘,T [ 0 0
1 T T Ly T 4 T o T T T T A T o T T T T v v T T T T T T T Y T T T ’ J
| Time /min
Main  2016-04-26 09:43  User: 113674 SFWEB8-15-1 PuAm 1.ngb-taa
[#] Instrument File Date Identity Sample Mass/... Segm... Range Atmosphere Corr.
[1] STA 409PC/PG SFWBB8-15-1 PuAm 1.ngb-dsv 2016-04-07 SFWB8-15-1 PuAm 1 SFWB8-15-1 PuAm1 22.364 11 30°C/10.0(K/min)/350°C ARGON/50/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 puam 1_m2.00.imp 2016-04-07 sfwbB-15-1 puam 1 Mass 2.00 1”1 36°C1 1(Kfmin)/1°C -
[3] QMS 403 sfwb8-15-1 puam 1_m11.98.mp 2016-04-07 sfwb8-15-1 puam1 Mass 11.98 11 36°CH 1(K/min)/1°C -—
[4] QIS 403 shwb8-15-1 puam 1_m15.87.imp 2015-04-.07 sfwb8-156-1 puam 1 liass 15.97 111 IBC UK mny1°C
[5] QMS 403 sfwb8-15-1 puam 1_m16.97.imp 2016-04-07 sfwb8-15-1 puam1  Mass 16.97 11 36°C/1 1 (K/min)[1°C —
[6] QMS 403 sfwb8-15-1 puam 1_m17.97.imp 2016-04-07 sfwb8-15-1puant Mass 17.97 11 36°C/1 1(Kimin)/1°C —
[71 QMS 403 sfwb8-15-1 puam 1_m30.03.imp 2016-04-07 sfwb8-15-1 puam 1 Mass 30.03 11 36°C/1 . 1(K/min)/1°C -
[8] QMS 403 sfwb8-15-1 puam 1_m35.94.imp 2016-04-07 sfwbB8-15-1puam1 Mass 35.94 " 36°CA. 1(}<J’mn)f‘|°C —
[9] CMS 203 shwbB-15-1 puam 1_md43 91 imp 2016-04-07 shwb8-15-1puam 1 Mass 43 &1 171 WS 1 (Kimin) /1
[10] QM S 403 sfwb8-15-1 puam 1_m45.91.imp 2018-04-07 sfwbB-15-1puam1 Mass 4591 11 36°C/1 1{K/min)/ 1’0 -
[11] QKIS 403 sfwb8-15-1 puam 1_m47 91.imp 2016-04-07 sfwb8-15-1 puam 1 Mass 47.91 111 38°CA . 1{K'min)/1°C —es

Created with NETZSCH Frofeus soffware
161



PMT2-MPR-DOP-015-
R3-FM1

Thermal Analysis with Off-Gas Analysis
by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: _STLR%-(S-1 P Am !

Location: (»2710

Thermal Analysis Data Sheet

Xuse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Acce-pm-n ce Performed By
Criteria
DOP is latest oL
- - . Revision effective revision, as dran)
Current DOP effective revision E L{ -, verfiod on Initials
Documentum
{1347
_ Z No.
Verify that PS is lh-e current N/A s .
effective version. (circle one) Y-
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG/ @SC)
ol Initial
Cal. File Name: (TP Tomf 02001 ¢ fe ) D02 25 (L N/4 DL/ 7Y / 57 e
Temperature & Humidity Monitor OvI%RY (0-20° (4 {1347y
Calibrated Thermometer (for Water Chiller) N/ A N / A o
Li-7-1
Wall Clock O4 00Uy O B-D-16 Tec

Analysis Type: TG @ other
Crucible Type: alumina TG beaker / alumina DSC pans [ Pt DSC pan$/ other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes/No M/A

Glovebox Conditions (Sections 5.3 & 5.4)

Description Cal. File No. Cs]l).:t):p. Perf;;med Description
LANMAS / LAMCAS 3 ’
Balance ID B366 B N iﬁitials
. . Date: p“-07-16 %
Date & Time Sample Vial (mm/dd/yy) NA N/A »
Opened )
Time: ; sl
(24 hour) Date
wRH<15,| pmw | N2
Initials Initials
Seal %RH/Temp.: N 14 Seal %RH
Glovebox Conditions %RH/C® | not>3% | (13074 | 126827
more [han Z No. Z No.
GB235 :
GB235%RH/Temp.: 0.6 /304 %RH b, M s A
o emp.: | F e o = i
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PMT2-MPR-DOP-0

15-R3-FMI

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

PuAm |

MATL NAME: _ SF¥uw)pY - 18- |

pm¥ 4
Location:

Sample Weights (Section 5.4)

v
a1

G229

Description Cal. File No. C";f:p‘ Performed By Deseripden
DM W)
Date & Time Sample Date:_OW - O-1 b - N/A 1173674
Weighed Z No.
24 hr.
Time:_ 1 3139 ﬁ
Date
Crucible / Pan Tare W. DMmw _&%
O, , ) 83 B N/A Initials In
13624 | (20T
grams Z No. Z No.
Net Sample Weight O 0L~ >3g,<18¢g
G116 #u,
Date Dal
Instrument Setup (Section 5.4)
Parameter Data Units Atce.pta.n ee Perfurmsed Verified By
Criteria By
Pt
Sample Chamber Evacuated? YES {NO)
Evacuation / (circle one) N/A NA
Backfill
Backfill / Carrier Gas Type: UHP A
My
Gas Pressure Gas Pressure (at regulator): < | O psig <10 Initials TS
GasFlow1: _ > O
P 113474
Gas & Flowmeter o) ; Z No. e
Readings Gas Flow 2: nh:mm N/A l 0.
. (- } _n“ ‘.l
Time gas flows tumed on: &_[_5_ Date 4 D-:
Baseline (used for |WIPF 330c BASELIANC 030816, r):}'w bkv
thermal buoyancy Filename: N/A N/A
correction)
('N/A " if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

MATL NAME: _SYWRX - |S -}

puAMl

Location: {2710

Run Parameters (Sections 5.4 & 5.6)

Parameter Data Units A:;:if::;u Perl‘;;med Verilied By
Heating Rate: (o C°min| =5,<20
Maximum Temp.: _350© : C e <1500°C Gwed (é)
(21000°C for 3013 Packagmg) Initials Initials
T tu e
“Profile Date Strted: {771 & ey | |res2?
24 hour Z No. Z No.
Time Started: I 3,47 3 N/A T -2
. mm/dd/ =3 =
¥y
Total Analysis Time: (0]9) i
T&:g::::zr Sample Temp. at Start: 36.Z c? N/A N/A
Il Da g5 -15 Powd
Characterization on Winnmt2"” -
Foldes Initials
Wt P
Run Data Files | Netzsch Measure Filename: N/A N/A ‘ .'JZ?\Is 4
0.
SEWR &S 1 Prdkm \ - Nb-olsy
LW ey
ThermoStar Filename: iall ‘(6
_ Date
SEW8 X-15-] Rudml MDC
Mass Changes:
1) ~Y43.20 Temp. Range (A1~ |67 l“‘-] W
2) ~ 9.6 ([ Temp. Range (/692 - 3% !'5 ) Initials Initials
Proteus Data 3 Teup Raga ) WE(‘:% I Total <04 “55137"{ Jl%‘ﬂ?
Z No. 5
4) Temp. Range ( ) b 1 1
Date Didte
Total mass Change:
-62.81%
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by

Page 57 of 63
015,R3 Quadrupole Mass Spectrometry

MATL NAME: SYWD¥X-IS-] 0, A | Location: (3220

Gas Data (Section 5.6
E Acceptance| Performed k
Parameter Data Units Crlteria By Verified By
Volatile Species: DA W
Dw e , . Operator
s | D =Erm peakr(gz:cl.x'( 12/ S
1l o
Y-l . oy =
ThermoStar 2) C‘-) Peak T (|55, EF AT Vola'tlle s 7
Data ¥ Species/| N/A 674
3) MO/ND, Peak T (JOL. {;3! Ou( ) Z60- rd 5C T ZNo.
4) Peak T ( )
.
5) Peak T ( ) %
Total Moisture = mg .
i ]"Jh?l Lf =
W% o M_, | Tnitials Initials
Total | Date of most recent calibration: __ / __/—" |
Moisture —dd  yy Wt.% [ <032
(H,0) % Error (RSD, 1s): = 16 Z No. Z No.
-
A - =100 x +
™ ol —
Std. Error Slope s e
Signatures
Parameter Data Units Accc:il::_:;“ Performed By
braw
Operator
Operator — DS review N/A N/A 13674
Z No.
§-1-16
Date
4
fjgl‘vlsor
Supervisor — DS Review N/A N/A (7S 0c
Z No.
y o
e
M
Quality Representative — DS Review N/A N/A [H f 144
Z Eo
Date /
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PMT2-MPR-DOP-015-R3-FMI

Efl\gT;;WR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63

Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated

(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
N /] Yu v ey

2"l satlimandation el g uired 2 bane CLLIK £
1= Col'b. Thepwaider vot Rpuined for f\/p%fffu//w
3e Townp Pralole ot veguired 4o run 1o //00%

= S A ’?UIZH TL.V"?F N'? m-smr-éa/

S Mot CW\'{tVT glff\ﬂ vt r(()uur 21/
ong W) ey =7-/4
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-1 PuAm 2.ngb-dsv
Date/Time: 4/8/2016 11:33:55 AM (UTC-6)
End Date/Time: 4/8/2016 12:05:57 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-1 PuAm 2 - 2nd spiked run

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mimin predefined
Gas2: ARGON Flow: 30 ml/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Ki/min  pts/min  hh:mm

—-  Stand-by heating 300 20.0

- Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

--- Emergency 370.0

-~ Final stand-by heating 300 40.0 00:08

- Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

OO =t ek ok ok
[ = I = = e quer ey
ocoococooo
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5000 pVv

30000 mg
SFWB8-15-1 PuAm 2
SFWB8-15-1 PuAm 2
19.960 mg

DSC

/TG pan Pt-Rh

0mg
empty

0 mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-1 PuAm 2.ngb-dsv
Date/Time: 4/8/2016 11:33:55 AM (UTC-6)
End Date/Time: 4/8/2016 12:05:57 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

DSC DSC Range: 5000 pVv

Remark: SFWB8-15-1 PuAm 2 - 2nd spiked run

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 38.8°C 0.0 min 5.8 min
Onset (DSC) 83.1°C 6.0 min 7.2 min
Onset (DSC) 100.5°C 7.8 min 8.1 min
End (DSC) 106.1°C 7.9 min 8.4 min
Area (DSC),0 28.93 J/g 5.6 min 8.4 min
Onset (DSC) 115.0°C 8.9 min 11.3 min
Peak (DSC) 138.0 °C/0.6445 mW/mg 9.7 min 12.0 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:
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30000 mg
SFWB8-15-1 PuAm 2
SFWB8-15-1 PuAm 2
19.960 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/---

Created with NETZSCH Proteus software



lon Current *10-6 /A

TG /% DSC/(mW/mg) Temp. /°C
1 SFWBB8-15-1 PuAm B T ex{q =10
= 117.5C 138.0 °C, 0.6445 mW/mg Sl | i
E \ \ = iy [1‘] - ;
o |1§§m;{:~". ;m%z rgbdsy i ’
] Onset: 38.8 °C o T— o ‘
- o™ i ESwbE- 51 'Ta.?rri im B B
80 1 -~. \ -44.55 % JUEEL TN 100 |40 250
: wel |3 ='a1;5—‘|.‘xlarp:$:fllr 1 S8imp i i
- TR ELlar Cunant §RE [
0y L L 05 [08 [200
) [Sis5wbE-151 Eug Z_miGSTimp L . | E
b e Ian{k;n:fr o 3 150
- i sfab5-15-7 puam Z_miTSTimp
. o [ 06 |
60 4 Onset: 83.1 °C [T;s.‘uﬁ—?!-":;u\:f;mrraaﬁlump [ 1 O
1 Onset: 100.5 °C [BistabE-is I?;uil-'[a‘qrr-a“ﬁhmp i
90 1 oy | .04 100
. A 28 93 ‘” [Fisfabsi53 Mz\;;rﬂhump
4 rea: 28. R E 0 i
4 9 [iﬁsawlf.&r:nﬂ& Himp 2336 /6 = _1 _5 l_ 0 2 50
40 - ~ L - . - i
: ml “ <] ~ I* 1
1 — e e o e "_‘ -_ 2 0 s 0 0
3 T T T T T T T T T T T T T v T T T T v T T T T y T T u v T T T
Time /min
Main 2016-04-26 09:56 User: 113674 /m SFWBB8-15-1 PuAm 2_ngb-taa
[#] Instrument File Date Identity Sample Mass/... Segm... Range Atmosphere Corr.
[1] STA 409PC/PG SFWBB-15-1 PUAm 2.ngb-dsv  2016-04-08 SFWB8-15-1 PuUAm 2 SFWB8-15-1 PuAm2 18860 111 30°C/10.0(K/min)350°C ARGON/50/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 puam 2_m2.00.imp 2016-04-08 sfwb8-15-1puam2 Mass 200 1M 37°C/M 2(K/min)/1°C -
[3] QMS 403 sfwb8-15-1 puam 2_m11.98.imp 2016-04-08 sfwbB-15-1puam2 Mass 11.98 n 37°CN1 2(K'min)/1°C -
[4] QKIS 403 sfwb8-15-1 puam 2_m15.97.imp 2016-04-08 sfwb8-15-1 puam2 HKass 1597 11 37°CN .2(Kmin)1°C
[5] QMS 403 sfwb8-15-1 puam 2_m16.987.imp 2016-04-08 sfwb8-15-1puam2 Mass 16.97 i 7°CN . 2(K/min)/1°C -
[6]) QMS 403 sfwb8-15-1 puam 2_m17.97.imp 2016-04-08 sfwb8-15-1 puam 2 Mass 17.97 11 37°Ci 2(K/min)i1°C -
[7] QMS 403 sfwb8-15-1 puam 2_m30.03.imp 2016-04-08 sfwb8-15-1puam2 Mass 30.03 171 37°Ci1 2(Kf/min)/1°C -
[8] QMS 403 sfwb8-15-1 puam 2_m35.94.imp 2016-04-08 sfwbB8-15- 1 pua’nz Mass 35.94 17 37‘0!1 2(K;‘mn)f1°C -
Q) QS 403 zfxh8-15-1 puam 2 _m4 13.91 mg 2016.04.08 sfwhB-15 gam 2 Mass 4391 11 1 2{K/min P
[10] QMS 403 sfwb8-15-1 puam 2_m45.91.imp 2016-04-08 sfwbB- 1:) 1 pua'n2 Mass 4591 1/ 7’C’1 2(K.|ITII'I}’1°C -
[11]1 QM S 403 sfwb8-15-1 puam 2_m47.91.imp 2016-04-08 sfwb8-15-1 puam 2 Mass 47.91 141 37°CA .2(Kimin)/1°C -

Created with NETZSCH Proteus soffware
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PMT2-MPR-DOP-015-

Thermal Analysis with Off-Gas Analysis

R3-FMI1 by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: _SYWRX - (3~ Pu A d Location: _(7 } 2 0
Thermal Analysis Data Sheet
X]Use Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Ag:il:::;“ Performed By
DOP is latest ’
C t DOP effecti . P\ L‘ Revision effective revision, as Q&Q_
urren effective revision number veriied on Initials
Documentum
Z No.
Verify that DS is the current N/A Vs
effective version. (circle one) NeR-id
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
—
Carrier Type (circle one) : TG |/ Q_SQ) D M W)
Initial
Cal. File Name:a/S7 A Te mp 2141 & [WEp 022414 N/A 0Z-28-1 o
Temperature & Humidity Monitor DYIdP R LO-LS - 14 (I '?)(;?fi
Calibrated Thermometer (for Water Chiller) N /A VA o
U=-3-
Analysis Type: TG / (b%f other
Crucible Type: alumina TG beaker / alumina DSC pans / rt/l)m other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes/No 2 (‘ﬁ
Glovebox Conditions (Sections 5.3 & 5.4)
7 Cal. E: Performed
Description Cal. File No. .Da l:p. ¢ I';y Description
LANMAS / LAMCAS = DML
Balance ID B 366 N Ha Initials
) ) Date:_ O 4 [0%]i6 JLZP‘%E&
Date & T;)n;ee 1‘IS‘;l'nple Vial (mm7dd’yy) sk - i
Time: il/i2Y M
( 24 hour) Date
%RH < 15,| D W 34:'
Initials Initial
Seal %RH/Temp.: N Zﬂ Seal %RH
Glovebox Conditions %RH/C® | not>3% | UD67 Lw
more than Z No. Z No,
GB235
g - 0.k/500 %RH | L-¥%-1C !{LDJFL(L
GB235%RH/Temp v.0% % L !
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectromeltry
MATL NAME: _ <SwieX-1S-[ PuAm2 Location: CZZO
Sample Weights (Section 5.4)
Description Cal. File No. C.;:::p' Performed By Description
Daw
ded-"yy Initials
: Date: O - D¥ - (
Date & Tl-me Sample - " 113,679
Weighed Z No.
24 hr.
Time:_{| 1 3\ -4
Date
Crucible / Pan Tare Wt. , e | @S7
O ) ‘ _TC) QZ) N/A Initials Initials
ine7y | (1eSeT
Net Sample Weight 0.012460 >3g,<l18g
Y-%-~16
Date te
Instrument Setup (Section 5.4)
3 Acceptance Performed E
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES /§0)
Evacuation / (circle one) N/A N/A
Backfill 0 A
Backfill / Carrier Gas Type: WUMP R
DMw. \_qﬁ i
Gas Pressure Gas Pressure (at regulator): < LO psig <10 Initls; || =
Gas Flow 1: ,5() 113 ¢74
Gas & Flowmeter 30 h: N/A ahe l%il—?
Readings Gas Flow 2: nn:mm d
Y-r-th
Time gas flows tumedon: 0 : 7.0 Date e
Baseline (used for [ TPP3T0C Baseling 030%/ 6. nj‘rbl v
thermal buoyancy Filename: N/A N/A
correction)
('N/A " if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

MATLNAME: _CSWBX-18-1 Py AmR

Run Parameters (Sections 5.4 & 5.6)

Location: C,J,T,O

Acceptance Performed B
Parameter Data Units Criteria By Verified By
Heating Rate: __ | () C°min| >5,<20
Maximum Temp.: 2 5( ) Ce < 1500°C , g
(=1000°C for 3013 Packaging) Initials nitials
Temperature
Date Started: 0”/ o P} 16 1% 7Y 205 T?
Profile 24 hour i 2’.\No. ‘_IZN
Time Started: [ ] } 3Y ) N/A w-x-16 | o V?l [
mm/dd/ Date Date
. yy
Total Analysis Time: __( LQ f '22.
Th Star
R:tl:;nr:nce Sample Temp. at Start: 57, | c? N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnmt2”
B Ddmuw
Folder: Initials
wWTpp
Run Data Files | Netzsch Measure Filename: N/A N/A iLgﬁl‘L
. 0.
SEWBY ~1S- 1 - AUAML. nsbrdsv
ThermoStar Filename: %.L{;.
te
SFWDBRAS -] PuAML YD ¢
Mass Changes:
1) =%4.5S Temp. Range (R =16, u{,v ) Q
2) =183 Temp. Range ({61,1- 350%) it ahie
Wt. %/ A
Proteus Data 3) Teiip; Raiigo ) oCn Towl <04 | j)5¢7¢/ | 1205 L7
=—— Z No, No
4) Temp. Range ( ) Y-8 fL 4
i & Date Dafe
otal mass Change: . \
W 917,
Notes:
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PMT2-MPR-DOP-015-R3-FMI1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015.R3 _Quadrupole Mass Spectrometry
MATL NAME: SYWBE- (S-1 oy Avud) Location: (322 O
Gas Data (Section 5.6
Parameter Data Units Ai(::c::::;ce Perl';;med Verified By
il ies:
g Operat
D dofofl peakT([[T.SC ) —
2) _COy  PeakT(175.7,22).1%) Volatile
Thegmsm R Species/| N/A 26 7Y
ata | 3) O/AbL Peak T G2, 764, 10031234, °C " Z No,
4
4) Peak T ( y Ze¥e
5) Peak T ( ) %}5—
Total Moisture = mg e
Wt % J"J/_{ L—*" Tnitials Initials
Total | Date of most recent calibration: / L=
Moisture o Jimm » Wt % <0.32
(H;0) % Error (RSD, 1s): . Z No. Z No.
-7
2 6 =100 x -
M :
/ Std. Error Slope L Date
Signatures
Parameter Data Units Acceplance | o formed By
Criteria
v/
Operator
Operator — DS review N/A N/A H3ETY
Z No.
/- K ﬁl
Date
Supex_ isor
Supervisor — DS Review N/A N/A 045647
Z No.
2l
Date
[N
QR
Quality Representative — DS Review N/A N/A 19124/
Z No.
P Z}W
Date
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
N /A Sapmorsy

- e :nS‘{nA.W\emjff Cm’ZC:]t v 1l SV I‘Q.A?ua;-lj

L ('aﬂ-'(,’)._ﬁ\_urmwvwﬁr Cov (-'\qlwef kmﬁdt—' rt r\-a.r(: arkd

2. Towmp Prafily ot 2 e #8 run 4o 1100 %

- 7, RH

S mmﬂ'm (\l"vc‘{'-e

F"lll‘\ﬁ- ant NZ:‘:J‘M g/

Omw 1137y /% ]1¢
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-1 PuAm3.ngb-dsv
Date/Time: 4/12/2016 2:06:12 PM (UTC-6)
End Date/Time: 4/12/2016 2:38:13 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMwW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-1 PuAm3 third SNM spiked run

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mli/min predefined
Gas2: ARGON Flow: 30 mimin predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min  pis/min  hh:mm

-~ Stand-by heating 300 200

— Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 100  100.00 00:32

- Emergency 370.0

- Final stand-by heating 30.0 400 00:08

Final stand-by isothermal  30.0 02:00

DSC DSC Range:

TG TG Range:

Sample identity:

Sample name:
Sample Mass:
Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:

Material:

Sample determination mode:
Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

175

[ J = T NP G S

(o i o [T S i Yy

cococooo

5000 pV
30000 mg
SFWB8-15-1 PuUAm3
SFWBB-15-1 PuAm3
17.338 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0Omg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-1 PuAm3.ngb-dsv
4/12/2016 2:06:12 PM (UTC-6)
4/12/2016 2:38:13 PM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSCITG pan Pt-Rh

5000 pV

Remark: SFWBB-15-1 PuAma3 third SNM spiked run

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 38.1°C 0.0 min 4.9 min
Onset (DSC) 98.6 °C 7.6 min 8.1 min
Onset (DSC) 106.7 °C 8.2 min 8.9 min
End (DSC) 1139°C 8.6 min 9.0 min
Area (DSC),0 20.12 Jig 7.6 min 9.0 min
Onset (DSC) 119.9°C 9.3 min 11.5 min
Peak (DSC) 141.7 °C/0.601 mW/mg 9.5 min 12.0 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

176

30000 mg
SFWBS8-15-1 PuAm3
SFWB8-15-1 PuAm3
17.338 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/—

Created with NETZSCH Proteus software



lon Current *10-8 /A

TG /% DSC/(mW/mg) Temp. /°C
1 SFWB8-15-1 PuAm C .
1001 e 1417°C, 0801 mWimg T ex{L?} 1.0 450
-_—h—“ [==— T . o : L 1 -4 =
9 \\ i ’ b -
] ugmsRes  ED.5
90 1 N el ; L 12 300
] L . i aibE-15 p.;T:i {:.-)n mp i .
E W= Ior Cumant -
{ Onset; 38.1 °C \ Ty, o i 0.0
80 3] = -44.32 % . o8 i ] 8 GebB- £ ”DEIE’L TEST imp A i 1 0 [ 250
J 164.1C R Caren -
o L - Bl swb5-i51 p_r:r.ar:rr E5T. imp - 0 5
70 1 Onset: 106.7 °C possianrem  + o 08 200
. oI . amp. L
] et # 7] séekE-1 5 hrp‘n;E::r-Bﬂﬁkm § 5 3
| Pl lok Curras) _
60 1 Onset: 98.56 °C \ TUCHE: | B iwbs-15-1 szn.z w3534 [ -1.0 - 0.6 - 150
: 5 5 w_\ Bl sinbs- Eu?;clq:‘n:;f-tr‘ﬂé“-np : L
-* o
o o T --EECT-?IW 53 imp [
50 -. i \ . | [-.1|swbcrn;;:r-.3 453 r ._1 .5 L 0.4 B 100
J < - [F1]5WbE35-1 piand md7 31 imp L
0 Area: 20.12 J/g Temp i
- i - TSI
LT ' 2719% |F20 [02 50
== — = - - — - - 0 L 0
304 End113.9°C Onset: 119.9 C b -2.5
| T T T T T T T T v T T T T T T T T T T T T T T T T ] ”.
| Time /min
Main 2016-04-26 10:30 User: 113674 SFWBB-15-1 PuAm 3.ngb-taa
‘[#] Instrument File Date Identity Sample Massimg Segment Range Atmosphere Corr.
[1]1STA 409PC/PG SFWB8-15-1 PuAm3 ngb-dsv  2016-04-12 SFWB8-15-1 PuAm3 SFWBB-15-1 PuAm3 17.338 11 30°C/10.0(K/min¥350°C ARGON/50 / ARGON/30/ <no gas>— DSC:020, TG:020
[2] QMS 403 sfwb8-16-1 puam3_m2.00.imp 2016-04-12 sfwb8-15-1 puam3 Mass 2.00 11 37°CHA(KiminY1°C -
[3] QMS 403 sfwb8-15-1 puam3_m11.98.imp 2016-04-12 sfwb8-15-1 puam3 Mass 1198 17 37°C/1.1(K/min)¥1°C -
{41 QIS 403 sfwb8-15-1 puam3_m15.97.imp 2018-04-12 sfwbB-15-1 puam3  llass 15.97 11 3TC1A(Kiminyi*C
(5] QMS 402 sfwb8-15-1 puam3_m16.97.imp 2016-04-12 sfwb8-15-1 puam3 Mass 16.97 171 37°C/1A(K/min)1°C —
[6] QMS 403 sfwb8-15-1 puam3_m17 97.imp 2016-04-12 sfwb8-15-1 puam3 Mass 1797 11 37°C/1 1(Kimin)1°C —_
[71QMS 403 sfwhb8-15-1 puam3_m30.03.imp 2016-04-12 sfwbB-15-1 puam3 Mass 30.03 111 37°C/1.A(K/min)1°C -
[B] QMS 402 sfwb8-15-1 puam3 m35 94.i |mp 2016-04-12 sfwb8-15-1 puam3 Mass 35.94 1”n 3?°GI1 1{K!mn}!1°c -
(4] QMS 203 stwb8-15-1 puam3 m43 91 imp 2016-04-12 sfwdB-15-1 puam3 Mass 4394 141 'CH UK ImIn Y 13C -
[1 0] QMS 403 sfwb8-15-1 puarrB m45 91.imp 2016—04-12 sfwb8-15-1 puam3 Mass 4591 11 37°C,‘I 1(KiminY1°C -
[11]QMS 403 sfwb8-15-1 puam3_m47.91.imp 2016-04-12 sfwbB-15-1 puam3 Mass 47 91 11 37°CH . 1{K/min)1°C -

Crealed with NETZSCH Profeus soffware
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PMT2-MPR-DOP-015-
R3-FMI

Thermal Analysis with Off-Gas Analysis
by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: SYWB ¥ -1S-1 Pu An3

Location:
Thermal Analysis Data Sheet

G220

XUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Ac:.':e'pta'n e Performed By
Criteria
. DOP is latest T
; - ; 7 Revision | effective revision,as| DAAM)
Current DOP effective revision -E l AiibE SR Initials
Documentum
“ j
Z No.
Verify that DS is the current C Y&y No N/A -
effective version. (circle one) Y124
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal, Exp. Date Performed By
Carrier Type (circle one) : TG |/ QlﬁC)
. Initial
Cal. File Name: I3 {/0 Ty £ 007116 [0 522916 ~ /A 251 B
Temperature & Humidity Monitor OH I RR S /O 28 1& 7
Calibrated Thermometer (for Water Chiller) ~NSA NI "
: H-1Z2~1
Wall Clock QUOY R X*-'F.‘)'f(’ —[“)K‘(‘

Analysis Type: TG f@ other

Crucible Type: alumina TG beaker / alumina DSC pans / I(DSC p;ngl other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes/No A/H

Glovebox Conditions (Sections 5.3 & 5.4)

T ; Cal. E: Perfi d
Description Cal. File No. a[)al:p‘ £E ;;me Description
LANMAS / LAMCAS
Balance ID 5266 N i Initials
, | pate_oulizfle Uslyad
Date & Time Sample Vial (mm/dd?/yy) NiA o
Opened . L 1214
Time: (Y06 AT,
( 24 hour) Date
%RH < 15,| Dy W gj
Initials Ihitials
Seal %RH/Temp.: N (/ﬁ Seal %RH
Glovebox Conditions %RH/C® | not>3% | /13¢?Y | | 2eS L7
more than Z No. Z No.
GB235 i 4
GB235%RH/Temp.: 0.6/ 32.6 %RH | ¥ ‘Di 2-/ A
te te

-
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

MATL NAME: _<

SWBX-(3-/ PuAm3

Location:

Sample Weights (Section 5.4)

G229

Description Cal. File No. Call).:t‘.:p. Performed By Description
o)
: Date: O« -l2-(6
Date & Tl_mc Sample ) o 1367Y
Weighed Z No.
24 hr
Time: /A /O 41216
Date
Crucible / Pan Tare Wt. . omw | NP
0. 177050 N/A Initials Initials
1367y | 120887
Z No. 7. No.
grams
Net Sample Weight 0.01 815 >3g,<18¢g
y-12-lg | 1
Date te
Instrument Setup (Section 5.4)
Parameter Data Units Al:ce'pla-n ] Terocucd Verified By
Criteria By
Sample Chamber Evacuated? YES f@
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type:u m P_Av=
Gas Pressure Gas Pressure (at regulator): < | O psig <10 Initials Titials
GasFlow1: _5 O —
11367Y
Gas & Flowmeter . .3 o N/A ZNo. —l—}%{‘b?
Readings Gas Flow 2: . !
; Y120
Time gas flows turnedon: (O : { z Date b G
Baseline (used for W f 350 Baseline, 00916, nj\a-‘h vV
thermal buoyancy Filename: N/A N/A
correction)
('N/A’ if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-

015,R3

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

MATLNAME: SE€WBX-1S-] PuAm3

Run Parameters (Sections 5.4 & 5.6)

Location: 6—/7, i O

Parameter Data Units Au:e_pn_n " el Verified By
Criteria By
Heating Rate: | Q C®min| >=5,<20
Maximum Temp.: 35 Q co <1500°C W ﬁ
(=1000°C for 3013 Packaging) Initials Ihitials
Temperature
Date Started: ()% / 12/ L6 l vl { ]Qh’?}?
Profile ’ . 24 hour Z No. 7 No.
Time Started: | 4 + O G mm}ddf N/A ‘-(-[i)?"/ﬁ ‘_'!‘r! !‘I(ﬂ
ate te
: Yy
Total Analysis Time: 0 O ', 3)
ThermoStar . = O i
Reference Sample Temp. at Start: > &) € C N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnm(2”
aninr e L I B e s bW
Folder: Initials
Wwtpp
Run Data Files | Netzsch Measure Filename: N/A N/A _;_}%{»,Nﬂ
/. No.
SELOR 1 S-1 pm Am . wj\q-ﬂfﬁ 4
ThermoStar Filename: ELI:JZ;?'_“
alc
STWBRY “15-1 PuAmd. MDC
Mass Changes:
S t
1) ""("f.'b'i—TempA Range ( RI-164.1C) %D
%)= {0,5% Temp. Range [f[‘[.l' “07‘:_-.: Initials Irhtials
2 Wt. %/ P
ProteusData | 3y _ ;2 91 Temp. Range (230.7- 350 %) oC Total <0.4 l'?;o?‘l‘ JMI;:I?
4) Temp. Range ( ) Y H&lé_v
Date Date
Total mass Change: 5
i 6 7 ' 7 l 70
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: _S5WR%-15-] Pu A D Location: (3220
Gas Data (Section 5.6
Parameter Data Units Actc'pta'n cel Terfrmied Verified By
Criteria By
Volatile Species: D MWJ
s Operator
1) OH/ 0 Peak T(Z5:4 ,"l‘:iu LG
Thermostar | 2 (Wz— Peak T(134:6, 13 LoY Volatile
o Species/| N/A 11674
Data | 3) NO/NO, peak T ((IM.S, 170.%, 2507 C °C o
4) Peak T ( )
L1216
5) Peak T ( ) " Dale
L |
Total Moisture = mg
/1 I " ,’,-I:};//
Wt % 38 j_f,',./ Y Tnitials Initials
Total Date of' m ent calibration: / ,-/
Moisture »w Wi. % <0.32
(H,0) % Error (RSD, 1s): Z No. 7 No.
| = |
"\J/ Std. Error Slope e Cd
Signatures
Parameter Data Units Accc:i?::;te Performed By
o)
Operator
Operator — DS review N/A N/A (18] w {4
Z No.
Li-1-{g
Date
7
Ve
Supervisor
Supervisor — DS Review N/A N/A C) : Cé’?;’/
Z No.
&/ 28/ /d‘
Date
[ﬁM
QR
Quality Representative — DS Review N/A N/A IHYLIY
Z No.
Dafe
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PMT2-MPR-DOP-015-R3-FMI
PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by Page 58 of 63
Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated

(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving

Comments:
N [A S rony .
) - UQC\MJNM% = call Cile Tyt WH’M
2= Calih. Tho nnanine s~ P ez pine 7 £ C& ler s Ao ~
‘JJ

nwm Lo Eils Mﬂlr‘e.ﬁf,!r‘{afﬂ ~n tu 109 {
Y - SUQ JZ;RH ‘?/7;‘41".!’ fV\F-PlS' fh)'}”"ﬂ-#wu{ﬂ,

g - My yture C_n.m:Ju«,f' (-ll/aj J%?Lr-(’an:r‘*-{ﬂ
AW 11367¢

L = h[- /¢
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e aid

YmwW u-ty -1k
Instrument: NETZSCH STA 409PC/PG
Project: WIPP 200
Filename: SFWB8-15-1'400 PuAm.ngb-dsv
Date/Time: 411412016 3:34:37 PM (UTC-6)
End Date/Time: 4/14/2016 3:56:40 PM (UTC-6)
Laboratory: 55-0004-0208
Operator: DMW
Mode: DSC-TG
Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWBB8-15-1 400 PuAm - 400 uL spiked sample

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGONM Flow: 50 mi/min predefined
Gas2: ARGON Flow: 30 mlmin predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin pts/min  hh:mm

—- Stand-by heating 30.0 20.0

- Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

- Final stand-by heating 30.0 400 00:08

- Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:

TG TG Range:

Sample identity:

Sample name:
Sample Mass:
Crucible:

Crucible Mass:

Reference name:

Reference Mass:

Reference Crucible Mass:
Materlal:

Sample determination mode:
Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3
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5000 pv

30000 mg

SFWB8-15-1 400 PuAm
SFWB8-15-1 400 PuAm
20.23 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate

Manual

Not possible

Created with NETZSCH Proteus software



oM w il
Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg
Project: WIPP v Sample identity: SFWB8-15-1 400 PuAm
Filename: SFWB8-15-1 PuAm.ngb-dsv Sample name: SFWB8-15-1 400 PuAm
Date/Time: 4/14/2016 3:24:37 PM (UTC-6) Sample Mass: 20.23 mg
End Date/Time: 4/14/2016 3:56:40 PM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg
Operator: DMW Reference name: empty
Mode: DSC-TG Reference Mass: 0mg
Measurement Type: sample with correction Reference Crucible Mass: 0 mg
Correction: WIPP 350C Baseline 030816.ngb-bsv Materlal: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual
Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible
Crucible: DSC/TG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas>/-—

DSC DSC Range: 5000 uv
Remark: SFWB8-15-1 400 PuAm - 400 uL spiked sample

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 101.7 °C 7.8 min 8.5 min
Onset (DSC) 111.1°C 8.5 min 8.8 min
Onset (DSC) 125.9°C 9.8 min 10.2 min
Area (DSC),0 33.87 Jig 7.8 min 9.3 min
End (DSC) 117.1°C 8.7 min 9.2 min

Peak (DSC) 147.7 °C/0.4128 mW/mg 10.4 min 12.5 min

Created with NETZSCH Proteus software
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lon Current *10-6 /A

TG % DSC /(mW/mg) Integral /%
1 SFWB8-15-1 PuAm 300 uL PuAm T EXH L
100 ] 129.6C 147.7 °C, 0.4128 mWimg S [ s
Herw o
3 [~ [1] M B
] i [1] SFWBE-151 200 Putm ngb-dsv _.H‘ - O 5 - 1 .4 100
3 ™~ ! = AL i e _
90 ; N\ | e : .
- : 12 $hb645-T 200 pusm_12. 00 imp 1 - 1 2
o M E e . T“ - 0 0 -
: ! .,-"' [ajst«mﬂjlmﬁ?ﬂi:yn:n_mﬂssim L ® b 80
80 E ,I 49.75 % g : [-gsh..-bms-mgol:ﬁvmsmm k N 1 0 L
4 . ~ad. o e -
i Onset: 111.1 °C 170.5C za® 2 [&st«:&!&lngnm;:n_mms?im E _05
70 - \ 5 S | 08 [OV
i ! s L 165 suwbB-15-1 émTWn_nﬂTﬂ?.im ¥
] | -1 7 shuba-1 im e PES J i
- s 71 sh 51200 puam_f D3imp
. it Temg. = -1 0
60 ¥ Onset: 101.7 °C @isﬁvb&iﬁ-um‘gﬂET_mmlm i 06 A 40
] ) ; 1;1‘ gg v [Esﬁvb&15—!m4€%:1£nﬁm39'l ime [
, =) -
1 . —— jen Curent -_15 -04
50 - [10} s fwbB-15-1 200 pusm_maS. 91 inp L . 5
1 Area: 33.87 Jfig <o = -8.04 % N s s L 20
i o e Sy, 248.5C [115£0-1%4 80 puam mez.S1Irp -
i n _o-‘ ¥ m':: ._ 2 O F 0.2
40 4 -End1171°C — -8.51 %[ ~&- |
: ———— - - ——— - e — —_— —_— ?—: i
_ Time /min
Mzin 2016-04-26 10:49 User: 113674 SFWB8-15-1 PuAm 300 uL ngb-taa
[#] Instrument File Date Identity Sample Ma... S.. Range Atmosphere Corr.
[1]1 STA 409PC/PG SFWB8-15-1 400 PuAm.ngb-dsv  2016-04-14 SFWB8-15-1 400 PuAm SFWB8-15-1 400 PuAm 20.23 1/1 30°C/10.0(K/min}350°C ARGON/50 / ARGON/30 / <no gas=>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-1 400 puam_m2.00.imp 2016-04-14 shwbB8-15-1 400 puam Mass 2.00 171 36°CH.{(K/min)/1°C -
[3] QMS 403 sfwb8-15-1 400 puam_m11.98.imp 2016-04-14 sfwbB-15-1 400 puam Mass 11.98 11 36°CH A(K/min)/1°C -
(4] QIS 403 sfwb8-13-1 400 puam_m15.87.imp 2015-04-14 sfwbB-15-1 400 puam  lass 1597 11 138*CHAK'min)/1°C
[5]1 QMS 403 sfwb8-15-1 400 puam_m16.97.imp 2016-04-14 sfwbB-15-1 400 puam  Mass 16.97 11 36°CA . 1(K/min)/1°C --
[6] QMS 403 sfwb8-15-1 400 puam_m17.97 imp 2016-04-14 sfwb8-15-1 400 puam Mass 17.97 11 36°C1 1(Kimin)/1°C —
[7] QMS 403 sfwb8-15-1 400 puam_m30.03.imp 2016-04-14 sfwb8-15-1 400 puam  Mass 30.03 11 38°CA 1(K/min)/1°C -
[8) QMS 403 sfwb8-15-1 400 puam_m35.94.imp 2016-04-14 sfwbB-15-1 400 puam  Mass 35.94 11 36°CA.1(K/min)/1°C —
[9] QMS 40: stwt8-15-1 400 puam_md3 91 wp 2016-04-14 shwb8-15-1 400 puam  Mass 43 01 11 38'CH {{Wmn)p1*C
(10} QMS 403 sfwb8-15-1 400 puam_md5.91.imp 2016-04-14 sfwb8-15-1 400 puam  Mass 4591 111 36°C/ A{(K/min)/1°C -
[11] QMS 403 SfwbB-15-1 400 puam_md47.91.imp 2016-04-14 sfwb8-15-1 400 puam  Mass 47 91 111 36°Ci1.1(Kimin)i1°C -

Created with NETZSCH Proteus soffware
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PMT2-MPR-DOP-015-
R3-FM1

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATLNAME: St w3%-13- | 2004) Aufva  Location: __G-22.0
Thermal Analysis Data Sheet
X]Use Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Acce.pmflee Performed By
Criteria
DOP is latest 0
: = Revision | effecti ision, T LVN
Current DOP effective revision &Y B v::f;i:lz:)n & Initials
Documentum
A3y
- Z No.
Verify that DS is the current N/A Ve
effective version. (circle one) -4
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG |/ @ i )
Cal. File Name: WY PP 70100 6226 (/W IPP S129) 6 N A OZ-2R%-17 =
Temperature & Humidity Monitor oM IFER (.28 =l 113¢7y
Calibrated Thermometer (for Water Chiller) N A ™ /A 3
Wall Clock . OM oM YO 0k 0O3- (% ﬂ;Dl:_c-LL
Analysis Type: TG I% / other
Crucible Type: alumina TG beaker / alumina DSC pans / @l other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes/No N /A
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. R | T Description
LANMAS / LAMCAS Dmw/
Balance ID .P)-} A o M Initials
) . Date: O"!‘/W‘/f@ }_}%Ef?_f-f
Date & Time Sample Vial (mm7dd7yy) - N/A %
Opened L)y ./;
Time:__ )3 ;)77
( 24 hour) Date
)
%RH < 15, w | NP
Initials Initials
Seal %RH/Temp.: N /A Seal %RH z
Glovebox Conditions %RH/C® | not>3% | L 3¢7Y |20 SLT
more tha_n Z No. ZN
GB235 . J q
GB235%RH/Temp.: 0.6 [7¢. %RH |- [fh -
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: S€WRX - (-] %00l ¥ A Location: _ 220
Sample Weights (Section 5.4)
Description Cal. File No. C‘];’f:"“ Performed By Dkl
(AL
, Date:_ O4/ 14 /1%
Date & Tl_me Sample ——— B - WY
Weighed 7 No.
24 hr.
Time:_ (S\Z7Z HAR-16
Date
5 D
Crucible / Pan Tare Wt. AL
O \ l 69 G O N/A Initials Initials
13674 | 12057
grams Z No. Z No.
Net Sample Weight >3g <18
Pe T LiGZ.68 3 =<1 i | Jr4lig
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units Ag;’::_;“ P"r;:md Verified By
Sample Chamber Evacuated? YES/ @
Evacuation / (circle one) NA N/A
Backfill
Backfill / Carrier Gas Type:U. H f éc
Dmw) P
Gas Pressure Gas Pressure (at regulator): < [§®) psig <10 Initials Initials
Gas Flow 1: SO A
U367Y |
Gas & Flowmeter %o i N/A Z No. %
Readings Gas Flow 2: ‘mm '
. Y- he= {
Time gas flows turned on: Y M 3 Date
Baseline (used for |SA/5Pp 350C Basefling . 030¥ 16, nab-bav
thermal buoyancy Filename: N/A N/A
correction)
('N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

_Quadrupole Mass Spectrometry

Page 56 of 63

MATL NAME: STWRF- (S-] 300ml A Am Location: (220

Run Parameters (Sections 5.4 & 5.6)

g Acceptance Performed
Parameter Data Units Criteria By Verified By
Heating Rate: _ O Co/min| >5,<20
Maximum Temp.: 350 co <1500°C D M @
(=1000°C for 3013 Packaging) Initials nitials
Temperature
Profils Date Started: _ 04~ 1~ 14, ey | (1S27
o 16362 4-19-1% |24 hour Z No. Z No.
Time Started: J-—%*‘r‘?’_"!" ,S ,Z}-“ mrn:"ddf N/A t -D:t:: ':!‘ !l(c"‘ I(”
i ; Yy
Total Analysis Time: QO ' 2 Ls
ThermoStar o,
Reference Sample Temp. at Start: 3 S Ez [ ce N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnmt2"” M
Folder: Initials
WTPH
Run Data Files | Netzsch Measure Filename: N/A N/A ) ';N7 i
Q.
STWBY- (-] «00 Pudm ngodby fe.
N L NTEY, i
ThermoStar Filename: 7 '37{” -;j’“”’ &JD_itetié
SEWBE-1S-] «O i"wAMaﬂjb‘Ob‘/ "
Mass Changes:
) - 44 A Temp. Range ( ) Dm h/ \_&
2) %..0¥ Temp. Range Initials Initials
- » . ‘ ,
Wt. %/ = IFE
ProteusData | 3 _ & §{Temp. Range ( ) oC Total <04 | /) ; gNZ Y 14 17QN052 2
4) Temp. Range ( ) L= |44 M
Date Date
Total mass Change:
paloamsChnges e 30%
Notes:
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: _SYWA¥%-(3- | 300wl Pufim

Location: G-272.0

Gas Data (Section 5.
. Acceptance| Performed
Parameter Data Units Criteria By Verified By
rator
D WOloH PeakT( (2.6 ) - ;
5 2l S%. :
ThermoStar | 2 COy Peak T(I2L, ; Volatile
Species / N/A 031
o
Data | 340 JNo, Peak T ((20.0[(36.7[ 2135 C °C - ZNo.
4) Peak T ( )
q-4=1<
5) Peak T ( ) S
. . T ==
Total Moisture mg ol e =
_’_’,.-'"
Wt % 1) 2 &7 :{’,/ Initials Initials
Total Date of most recent calibration: i =
Moisture Wt. % <0.32
(H,0) % Error (RSD, 1s): Z No. Z No.
W =
/ Std. Error Slope Dite Dy
Signatures
Parameter Data Units A:;:;l:::;“ Performed By
D {E! W/
Operator
Operator — DS review N/A N/A i
Z No.
-149-1G
Date
/)
’/ .
S nvispl:
Supervisor — DS Review N/A N/A Q9507
Z No.
‘Z‘! ZL!/ &
Date
MM
QR
Quality Representative — DS Review N/A N/A t!:zz g2
No.
J
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
/\f(‘JT(.:‘ T Sewe Cin {M.}.*u»--. - )
r;m'f:u)N)J ({UOM_ L (Fa }QT:.)_Q;LL 6(‘ Tﬁ’)}i’ .

v
Af»\'?‘@ Ao Lab autebal Sntirm 2)at 300

L fen :-a‘.o(:m{_(_jﬁ,&’amg,e S uf C'sz‘}cl.)

PMuwy ) 13679 Y[l

/\//A S-a i many

[ (APC. ;n\+mww.\f'* Col. 11‘(%’# wot r‘-P"‘m‘N_w/

18 (C&p b T)\JK}’P\M wu’%l‘f tfb‘Li“(-_l?mnwo{ tcc,r r (,,s//c’/' h/clfrf/‘—

3 = TTerp Ba€rle M{' reg ufM.o/ e s ~un te j1Q0 %

e f mnl"h@“/lew pALAY mn‘ Mf&t'f‘{_d

S = My ttee G.,:{m# eu«f. Nal (4~ J

DA > JI3EZY AN =/
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWBB8-15-2A 032316.ngb-dsv
Date/Time: 3/23/2016 11:36:57 AM (UTC-6)
End Date/Time: 3/23/2016 12:08:57 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMw

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-2 A 03-23-16

Furnace: STD SiC(PC)

Sample carrier: DSC(/TG) HIGH RG 2

Measurement End: Normal end

Gas1: ARGON Flow: 50 mi/min predefined
Gas2: ARGON Flow: 30 mli/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pts/min  hh:mm

- Stand-by heating 30,0 20.0

- Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

- Final stand-by heating 30.0 40.0 00:08

— Final stand-by isothermal  30.0 02:00

DSC DSC Range:

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

[ = T Gt CT Qs
[ = T G S
oocooo0oOo
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5000

uv

30000 mg
SFWB8-15-2 A
SFWBS8-15-2 A
23.27 mg

DSC/TG pan Pt-Rh

0mg

empty

0mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWB8-15-2 A
Filename: SFWBB8-15-2A 032316.ngb-dsv Sample name: SFWB8-15-2A
Date/Time: 3/23/2016 11:36:57 AM (UTC-6) Sample Mass: 23.27Tmg

End Date/Time: 3/23/2016 12:08:57 PM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg
Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual
Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible
Crucible: DSC/TG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas=>/---
DSC DSC Range: 5000 pV

Remark: SFWB8-15-2 A 03-23-16

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 39.3°C 1.1 min 6.6 min
Onset (DSC) 93.9°C 6.5 min 8.1 min
End (DSC) 105.0°C 7.4 min 8.3 min
Area (DSC),0 17.64 Jig 6.4 min 8.3 min
Onset (DSC) 116.6 °C 8.7 min 11.7 min
Peak (DSC) 143.0 °C/0.5122 mW/mg 10.5 min 12.3 min
Mass Change (TG) -38.10 % 0.0 min 13.4 min
Mass Change (TG) -22.33 % 13.4 min 32.0 min

Created with NETZSCH Proteus software
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lon Current *10-% /A

TG /% DSC /(mW/mg) Temp. /°C
s SFWB8-15-2 A /032316 1 exQ 1
100 1 143.0 °C, 0.5122 mWimg Nl i 350
‘f—'——a e— 124.5C [1] ! ]
\ Enﬁs._:ﬁ-:f-;:fé:b}qwsu || = 3
90 A e : - 300
3 « " $'wbE-15-22 082318 _m2 DDimp | i
-t Tamp
] 38.10 %  Dimweitos s mitssine : -
1 Onset: 39.3°C 138, b _y 54081524 202008 155 i
] \ = ' —ede 00 15 }250
. { . [} sfwbE-15-22 0AZ312_miS ST imp L s
80 1 N [\ 164.4C ol i i
] : ‘ Bl siwbB-15-22 002318 68T imp - i
] e L} i T:;p 3
J = ﬁ]i&ﬂb&-ti\l"u.g&allg_m:?.i? imp - B 200
70 e 0.5 !
: g [Fistw .._:ge”f;_m 23 imp I i 1 .0 |
: _ E}ﬁx?sﬁf@r‘.\_!ﬁ;}:_rr&iﬂ img :_ 1 50
60 J \-& pjmﬁ:m-:#zsﬂ;:,mas: imp L
; Onset: 93.9 °C - _ W S r‘aas:.-bs-xéffa?ﬁ?e_mss-,m i -1 0 f |
g A 17.64 J/ == \ : Ienc;?;t - 0 5 - 100
i red 1. g hy. l b . () sinb5-12.22 22231 a7 5 v -
& " a on :-3 1
50 ] End:105.0°C ..-* N Onset: 116.6 °C " i e k !
' ’IL S 28x s 50
T reccrmcazrl. s LT J4T.9C g :
40 . = ' B T e i O T st s — Al ' 0 ;
b L] L] L. L] A N ., I . L] - L] L] b 0
_ Time /min
Main 2016-04-25 09:15 User: 113674 SFWBE-15-2A 032316.ngb-taa
[#] Instrument File Date Id entity Sample Mass/mg Segment Range Atmosphere Corr.
[1] STA 409PC/PG SFWB8-15-2A 032316.ngb-dsv  2016-03-23 SFWBB-15-2 A SFWB8-15-2 A 2327 13! 30°C/0.0(K/min)350°C ARGON/50/ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-2a2 032316_m2.00.imp 2016-03-23 sfwb8-15-2a 032316 Mass 200 7 37°C0.7(K/min)1°C —
[3] QMS 403 sfwbB8-15-22 032316_m11.98.imp 2016-03-23 sfwbB-15-2a 032316 Mass 11.98 11 37°C/0.7(K/min)/1°C —
[4] QIS 403 sfwb8-15-2a 032316_m15.87.imp 2016-03-23 sfwhB-15-2a 032318 hiass 15.07 14 37*C0.T(Kmin)1°C -
[5] QMS 402 sfwb8-15-2a 032316_m16.97.imp 2016-03-23 sfwb8-15-2a 032316 Mass 16.97 11 37°C/0.7(K/miny1°C -
[6] QMS 403 sfwb8-15-2a 032316_m17.97 imp 2016-03-23 sfwbB8-15-2a 032318 Mass 17.97 11 37°CI0.7(Kmm)/1°C -
[7]1 QMS 403 sfwb8-15-2a 032316_m30.03.imp 2016-03-23 sfwh8-15-2a 032316 Mass 3003 17 37°C/0.7T(K/min)/1°C -
[8] QMS 403 sfwb8-15-2a 032316_m35.94.imp 2016-03-23 sfwb8-15-2a 032316 Mass 35.84 1”7 37°C/0.7(K/min)/1°C —
[9) QMS 203 siwbB-15-72 032318_m43 91 wrp 2016-03-23 stwh8-15-2a 032316 Mass 42914 141 37T TIK/mny1°C
[10]QMS 403 sfwb8-15-2a2 032316_m45.91 imp 2016-03-23 sfwb8-15-2a 032316 Mass 4591 11 37°C/0.7(K/miny1°C -
[11] QMS 403 sfwbB8-15-2a 032316_m47.91.imp 2016-03-23 sfwb8-15-2a 032316 Mass 47.91 1 37°CIO.7(Kmin)y1°C ——
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PMT2-MPR-DOP-015-

R3-FM1

Thermal Analysis with Off-Gas Analysis
by Quadrupole Mass Spectrometry

Page

53 of 58

MATLNAME: _S§ 0 6% -(S-7 A

Location: (3.7 0O

Thermal Analysis Data Sheet

Xuse Every Time
DOP and DS Verification (Section 5.3)

Parameter

Data

Units

Acceptance
Criteria

Performed By

Current DOP effective revision

| 45!

Revision
number

DOP is latest
effective revision, as
verified on
Documentum

effective version.

Verify that DS is the current

Ges 2 No
(circle one)

N/A

Yes

o

N3¢y
2316

Initials

Z No.

Date

M&TE (Sections 5.3 & 5.4)

Description

Cal. File No.

Cal. Exp. Date

Performed By

Carrier Type (circle one) : TG | f)SC

Cal. File Name: LWLy T€ )£ L2l !“.r; PPoLLil

N/A

13

OL- %177

Temperature & Humidity Monitor

ol RY

LO-1C=(¢

Calibrated Thermometer (for Water Chiller)

~ A

N /A

Wall Clock

OH O O

%~ 3-

(&

) rwn/

Initials
Z No.

3-23-(¢
Date

Analysis Type: TG I(Dr_gE) other

o ——

Crucible Type: alumina TG beaker / alumina DSC pans { Pt ns‘g@u other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes/No

/A

Glovebox Conditions (Sections 5.3 & 5.4)

Description

Cal. File No.

Performed
By

Cal, Exp.
Date

Description

LANMAS / LAMCAS
Balance ID

RLEC

N/A N/A

Date & Time Sample Vial
Opened

O3-23-|¢
(mm/dd/yy)

Time: (L \ 76

( 24 hour)

Date:

N/A N/A

Dy

Initials

367y

Z No.

foid 2

Date

Glovebox Conditions

Seal %RH/Temp.: _ N/ A
GB235%RH/Temp.: 0.6 "SO H

%RH < 15,

Seal %RH
not >3%
more than
GB235

%RH/C®

e %RH

‘12 N/

Initials

3¢

w’

Initials

(5L

Z No.

3-13-1(

Date

Z No.

‘5{ l&[m

Date
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _ ST W% -(S-2 A Location: (2.7 O
Sample Weights (Section 5.4)
Description Cal. File No. Cn[')':::p' Performed By Description
Dy
Initials
. Mm/ddlyy
. Date: ’3':&1‘16
Date & T:_me Sample - . )37y
Weighed 7 No.
; 24 hr,
Time;_ |1 13 ( el o
i Date
Crucible / Pan Tare Wt. Py “‘9
L) \ l e;’7 L ( L"( N/A Initials Initials
13677 | 2087
grams Z No. Z No.
Net Sample Weight Sy >3g,<18¢g
(. =7 T
Date Date
Instrument Setup (Section 5.4)
= Acceptance Performed :
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES (NO
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: UHP Ar
& DM
Gas Pressure Gas Pressure (at regulator): < | psig <10 [nitials Initials
LI S
Gas Flow 1: -
167y
Gas & Fl 1 : ZN . £ o,
as owmeter s 0. —_
G . ZNo.
Readings Gas Flow 2: S5 nh:mm N/A o
; 3-23-/6
Time gas flows turned on: o . ‘f(i' Date 3-%‘(7
c
Baseline (used for L\J-\_-.PF IS0C BASELZNE D0k /6. V‘S{ "bx\/
thermal buoyancy Filename: N/A N/A
correction)
(*N/A4" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

MATLNAME: _ SS W DK (S- 24

Location: G 7/’2 O

Run Parameters (Sections 5.4 & 5.6)

Parameter Data Gaiis | Acceptamce: (| Ferformed .y sieing
Criteria By
Heating Rate: _ O C°min| >5,<20
Maximum Temp.: 3§ . Co <1500°C 0 M g
(=1000°C for 3013 Packaging) Initials nitials
Temperature ’ -
Date Started: _ 9" i A 1] A _“_5 §7¢ | M (%
Profile . 24 hour Z No. Z No.
Time Started: | | |3'7 mm/dd/ N/A 'S'?L;‘S'f 31&4‘_6
o ate t
Total Analysis Time: _(D() % Z~
Th St
R:fl::::nc:r Sample Temp. at Start: _ > & . G co N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnmt2” b /VW‘/
Folder: Initials
WTPF
Run Data Files | Netzsch Measure Filename: N/A N/A 23 NG Fir 4
Q.
FwRE15-24 032316 ngb-dsy
7-23-
ThermoStar Filename: L/G
Date
SCWRBk-iS-LA U6 . mHC
Mass Changes:
1) “"3%.10 Temp. Range ( Rr- l(:""“ft-j N2
2) <12+3'S Temp. Range (164 4 -$50C) Initials Initials
Wt. %/ -
Proteus Data 3 Teunp, Ricige { ) oCn Total <04 | /367Y || 25T
— Z No. Z No.
4) Temp. Range ( ) T-23-1€ 1Y/
Date te
Total mass Change: .
s .

Notes:
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: Q€108 %-[S- 2 A

Gas Data (Section 5.6

Location: G,lz ')

Parameter Data Units Ag;'::; o Perf;:ned Verified By
Volatile Species: 3} ‘ﬂ"‘""‘}
: Operator
1) OH/WY peak T(_124.S% )
T
Thermostar | 2 CCv . Peak T (m.}sg'u 14 Pj‘ TR Volatile I
Species / 674
Data | 3 Us/),  Peak T(130.2 [225.5 F T “ZNo
4) Peak T ( )
5) Peak T ( ) i%
Total Moisture = mg -
Wt% M l F\ Initials Initials
Total Date of most recent calibration: # —~ J} = | e [
Moisture mm, | WtL%
(H,0) | %Emor®SD,1s: I 2- ZNo. ZNo
A &7
\ \_2=100% +
O WV Std. Error Slope Dot Dele
/
— Signatures
Parameter Data Units Ag;l:::‘-i:“ Performed By
i/
Operator
Operator — DS review N/A N/A | J'SQNI‘J
Z No.
3-13-16
Date
7
5/ isor
Supervisor — DS Review N/A N/A o9 Z.S[:)f <o
0.,
‘.7/.2 5(_’ / ‘:,’
Date
Hwm
QR
Quality Representative — DS Review N/A N/A 1H9274
Z No.
Date

197




PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all

entries are complete before approving.

Comments:
AJ ;)A S»;mmaﬁ\}!;

fi = (_,\JZ |95} fﬁ' H# l'\.r-"il |'1_L. giee of ‘Gufl)f)f'

- Calily, "T)s.ﬂmuwyu"ﬁ }f\.u‘{ ("W’_r_)uu‘t.lj o wm"mr cliille~
§ = Teamnackile pok el 4ol 1100 %

Y~ CCal ’)c. 24 /‘I'r Mg L;- s If\n;z e 1R/

S - erstwe Cochond dode, ot regiiied

DMAN 1 13E?2Y 3223 1&
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWBS8-15-2B 032316.ngb-dsv
Date/Time: 3/23/2016 2:39:22 PM (UTC-6)
End Date/Time: 3/23/2016 3:11:23 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWBB8-15-2 B 032316

Furnace: STD SiC(PC)
Sample carrier: DSC(TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mimin predefined
Gas2: ARGON Flow: 30mlmin predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min  pis/min  hh:mm

- Stand-by heating 300 200

Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

-~ Emergency 370.0

- Final stand-by heating 30.0 40.0 00:08

-- Final stand-by isothermal  30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

il
[ = = J S G ey
OO =% =& =i i
oococooo

199

5000
3000

pv
0 mg

SFWB8-15-2 B 032316
SFWB8-15-2 B 032316
14.04 mg

DSC/TG pan Pt-Rh

0mg

empty

0 mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWB8-15-2 B 032316
Filename: SFWB8-15-2B 032316.ngb-dsv Sample name: SFWB8-15-2 B 032316
Date/Time: 3/23/2016 2:39:22 PM (UTC-6) Sample Mass: 14.04 mg

End Date/Time: 3/23/2016 3:11:23 PM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg

Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible

Crucible: DSC/TG pan Pt-Rh Atmosphaere: ARGON/50 / ARGON/30 / <no gas>/---
DSC DSC Range: 5000 pv

Remark: SFWB8-15-2 B 032316

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 39.8°C 1.5 min 5.1 min
Onset (DSC) 74.0°C 5.5 min 6.6 min
Onset (DSC) 1184°C 8.8 min 10.1 min
Peak (DSC) 140.9 °C/0.8916 mW/mg 9.0 min 12.3 min
Onset (DSC) 86.6 °C 6.6 min 7.7 min
End (DSC) 99.0°C 7.1 min 7.8 min
Area (DSC),0 9.332 Jig 5.8 min 7.8 min
Mass Change (TG) -38.18 % 0.0 min 13.4 min
Mass Change (TG) -20.83 % 13.4 min 32.0 min

Created with NETZSCH Proteus software
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lon Current *10- /A

b e
TG /% DSC /(mW/m Temp./
1 SFWBS‘15'QB f 032316 1408 °C, 0/.8916 mw’n.g T exﬂ\ I :
e > 3
100 ] T ey, 121.1C T 1.0 - 1.2 | 350
i B BT L
_ — m} , [
| \ (11 8FHEe !—ans?zca}-.a:.grm.-w\i i
90 - L= o= -0.5 L 10 '300
E ot Eswesisan -:_)r%ze_wzm - ;
: Onset: 39.8 °C e g's‘a'bar'lﬁhlg-{i%g—?ﬁ mitS6.m :
- -38.18 % o F0.0 200
80 - N pp S Hiat8-152b 322316 missT.mp L 08 [
E B 5‘&05'-!&3 ;Ie%rlmﬁ?e_m"éii'.mp :
1 %Iuncfr;?l . B -0.5 B 200
p i swbE-i52 b 032336_m 1757 .mp i
.'% Temp L
TO ] mfma-a:-:g';cmu'ﬁ?e m2003.mp | 06 [
: Onset: 74.0 °C gimo-‘ o L 1 0 i
] E}ﬂ'b&ib-?‘; ?wg%_wﬁﬂ.'mp Tkl ~ 1 50
“'ro 3
60 4 Onset: 86.6 °C it 520 Q2310 a3t e 04 |
1 B/, - el U | B L L 100
E ‘?‘ 4 Tame - s
] Area: 9.332 Jig e s [iswa ez ':?T-"m??m_mns-._mp [
50 - : - Inncﬁ;f; - -2 0 = 0’2 3 50
s T — -20.83 % : [
] End: 99:0-°CG- - -- . oo s con) S, el b L
40 1 B — 25 0 0
T T T T U T T i ¥ T v T L b’ Ll
Time /min
Main 2016-04-25 09:31 User: 113674 SFWBS-15-28 032316.ngb-taa
[#] Instrument File Date Identity Sample Mas... Se... Range Atmosphere Corr.
[1] STA 409PC/PG SFWBB-15-2B 032316.ngb-dsv = 2016-03-23 SFWB8-15-2 B 032216 SFWBB-15-2 B 032316 14.04 1M1 30°C/1 0.0(Kfmin}/350°C ARGON/50 / ARGON/30 / <no gas=/— DSC:020, TG:020
[2] QMS 402 sfwb8-15-2 b 032316_m2.00.imp 2016-03-23 sfwbB8-15-2b 032316 Mass 2.00 111 37°CH .0(K/'min)/1°C -
(3] QMS 403 sfwb8-15-2 b 032316_m11.98.imp 2016-03-23 sfwb8-15-2 b 032316 Mass 11.98 111 37°CNA.0(K/min)[1°C —
[4] QIS 403 sfwb8-15-2 b 032316_m15.97.imp 1 2015-03-23 sfwhB-15-2 0032316 Mass 1597 11 37*CH.0(K'min)/1°C
[5] QMS 403 sfwb8-15-2 b 032316_m16.97.imp 2016-03-23 sfwbB8-15-2 b 032316 Mass 16.97 11 37°CA .0(K/min)/1°C —
[6] QMS 403 sfwb8-15-2 b 032316_m17.97.imp 2016-03-23 sfwbB8-15-2b 032316 Mass 17.97 1711 37°CH .0(K/min)/1°C -
[7] QMS 403 sfwb8-15-2 b 032316_m30.03.imp 2016-03-23 sfwbB-15-2 b 032316 Mass 30.03 11 37°CA.0(K/'min)/1°C —
[8] @MS 403 sfwb8-15-2 b 032316_m35.94.imp 2016-03-23 sfwb8-15-2 b 032316 Mass 35.94 1M 37°CN.0(Kminy/1°C -
[9] QMS 403 sPb8-15-2 b 032318 _ M43 91 imp  2018-03-23 | sfv8-15-2 b 032316 Kass 4391 11 37T*CH NKimin)1°C
[10)QMS 403 sfwb8-15-2 b 032316_m4591.imp 2016-03-23 sfwb8-15-2 b 032316 Mass 4591 11 37°CN.0(K'min)/1°C -
[11]QMS 403 sfwb8-15-2 b 032316_m47.91.imp 2016-03-23 sfwh8-15-2 b 032316 Mass 47.91 1/ 37°CN1 (Kimin)i1°C —
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PMT2-MPR-DOP-015-

R3-FM1

Thermal Analysis with Off-Gas Analysis
by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: 3¢ W33 - (S-Z B

Thermal Analysis Data Sheet

Location: G220

XlUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units At(::c:il:::;ce Performed By
DOP is latest 0
s o 3 Revision | effective revision, as| VW)
Current DOP effective revision ]2 L( number Nt Initials
Documentum
3474
== Z No.
Verify that DS is the current (,Yes ) No N/A o
effective version. (circle one) 3-L3J¢
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circleone) : TG/ @
o LR Initial
Cal. File Name: wWicfTe 0l 0210916 !-.\;1, 2¢ 02291 L ad /‘A OL-2%8-17 s
Temperature & Humidity Monitor Oy | 3&% 1523 =1L il 3L7Y
Calibrated Thermometer (for Water Chiller) N A /A o
EXAT
Wall Clock Oy 04 ¥O Y306 Wﬂ
Analysis Type: TG / QSC)! other
Crucible Type: alumina TG beaker / alumina DSC pans {/ Pt DSC pans / other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes /No N A
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. C'l!;a?:p' Perf;;med Description
LANMAS / LAMCAS %56 c:; N/A N/A M
Balance ID Initials
, | Dateg>-L%-16 377
Date & Time Sample Vial (mm/dd/yy) N/A N/A *
Qgened : s 32376
Time: 4130 —_
( 24 hour) Date
%RH < 15, W | &
X | Initials Initials
Seal %RH/Temp.: V/A Seal %RH ( 2
Glovebox Conditions %RH/C® | not>3% | [/5(7Y | \Te$S
more than Z No. Z No.
GB235 ) /
GB235%RH/Temp.: O /30.4 P %RH | sﬂ ?e /6 "'{gz (P
C
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

MATL NAME: S

CWiXx-1S-2 €

Location: 2.7 O

Sample Weights (Section 5.4)
Description Cal. File No. Cn]l).-Ft.'.:p. Performed By Description
DMw
Mm/dd/yy Initials
. Date: o e !‘ G
Date & Tl_me Sample - . )% 67Y
We1ghed 7 No.
24 hr.
Time:__|Y 132 3-13°16
Date
Crucible / Pan Tare Wt. Dy
O N ] 7 9 & 2 N/A Initials Initials
ine7y | 1208 T
gra[ns Z No. Z No.
Net Sample Weight Oy OY >3g,<18¢g ﬂ
Date Date
Instrument Setup (Section 5.4)
- Acceptance | Performed z
Parameter Data Units Criteria By Verified By
e
Sample Chamber Evacuated?(YES)/ NO
Evacuation / (circle one) .
Backfill N o
Backfill / Carrier Gas Type: URf A ~
nHmn/
Gas Pressure Gas Pressure (at regulator): _ <\ O psig <10 Initials Tntials
GasFlow1: _ >0 e )|
il U 18 WO
Gas & Flowmeter ; ] 2.8 ahem N/A Z No. JW
Readings . Gas Flow 2: e '
: . 2-23-lg (
—— | g St 3(wlee
ime gas [lows turned on Date Dete
Baseline (used for [WIPF 3S0C BASCLIWE 03 0F16, ngb-|bsv
thermal buoyancy Filename: N/A N/A
correction)
(‘N/A" if no bugyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: <EWw8 ¥ ~(S-2 R Location: _ 27 O
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units A::c:al:::;“ P"";y"“"d Verified By
Heating Rate: _|O C°/min| >5,<20
Maximum Temp.: 55 (“mg' co <1500°C D MW : @
(=1000°C for 3013 Packaging) Initials Initials
Terl;lf:;:;um Date Started: >-L3-l & LB T ] 205 L1
T L le 24 hour Z No. Z No.
™ r— =
Date Date
: yy
Total Analysis Time: 00 2 [
T;:g:::::r Sample Temp. at Start: ' b 2 ' 7.) c° N/A N/A
All Data stored on: “TAS5 NMT-15 Powder
Characterization on Winnmt2” DA
Folder: \\JTP¥ Initials
Dfwdx-IS-Z R .05L31b . ngh-clﬁv g
Run Data Files | Netzsch Measure Filename: N/A N/A “;S%-;
0.
ThermoStar Filename: Mi?"lﬂ
Date
Mass Changes:
1)~ 5%.1% Temp. Range ( QT—N):"'(':J}C DWW @
2) = LOK Tetnp. Range (1L3i6= ‘)‘50}_ Initials Initials
Wt. %/ 3
Proteus Data 3) et RAcgEC ) oC Total <0.4 h3674 | (Te5el
— Z No. Z No,
49 _ Temp.Ramge( ) X-23-( 3{1"{{9
Date Date
Total mass Change: $Q.0| ‘70
Notes:
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PMT2-MPR-DOP-015-R3-FMI1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: OF W B ¥ -(S-9 B Location: ( 27O
Gas Data (Section 5.6
Parameter Data Units Ag:if::;“ ""r;;“""' Verified By
Volatile ies:
I Operator
1) H O/ Peak T (1271 € )
) CO, PeakTU3%S[217.2)c Volatile |
The]t;n oStae Species/[ N/A 1)307Y
ata 3) MH‘[AJ\)! Peak T (13%.4 /2265 %) oC T ZNo.
 PeakT( )
5) Peak T ( ) '%%ﬂ’
Total Moisture = mg
o -16 -
Wt % B—F gorf> ! | initials Tnitials
| | il
Total f most recen tion: QN
Moisture mm  dd  yy Wt.% | <032
(H0) | % EmocRSD;Ts): Z No. Z No.
/ =100 x =
Std. Error Slope Duls Dvie
Signatures
Parameter Data Units A:;:if::;“ Performed By
Dhw/
Operator
Operator — DS review N/A N/A 13 7Y
Z No.
3-13-(€
Date
/’4’
_’h(i
Supervisor
Supervisor — DS Review N/A N/A 0752/
Z No,
‘?c Z/é ﬁ; 1
Date
M M
R
Quality Representative — DS Review N/A N/A (H ; 214
No.
H {J—S’éé
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
N /A Y-\.na L~ ]

{| =~ o Cal . ¥, / i Q\zqﬂuwr’ '1((' UFC ma'hww 7'._— -{:“

L= (ﬁ_ﬂ!" _T}\ fW\x) ’\'\«{‘R‘J- Frr l,o\ig"f[‘f (‘L_t_// !’\&‘f f‘{%} [JIJ'\LG"
3° Tewmy, 1r-cC‘ [« ant Mc‘uud Py e o O %

L \..naj A /T('W )f/a jZe,c,wru/

5 = 3’1;’11”1‘&/1. dcm'few'f I‘U.I'} J*Q:iuu‘*{’_a’/

DMA_P1BTY S5-23-(6&
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-2C 032316.ngb-dsv
Date/Time: 3/23/2016 4:06:06 PM (UTC-6)
End Date/Time: 3/23/2016 4:38:07 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-2 C 032316 3rd trial

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mlimin predefined
Gas2: ARGON Flow: 30 mi/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pts/min  hh:mm

-~ Stand-by heating 300 200

- Stand-by isothermal 30.0 00:05

1 Dynamic 3500 10.0 100.00 00:32

Emergency 370.0

- Final stand-by heating 300 400 00:08

- Final stand-by isothermal  30.0 02:00

STC Gt

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC: S
Sample TC: S
G2 G3
1 1 0
1 1 0
1 4 D
1 1 0
0 0 O
0 0 O
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5000 pV
30000 mg
SFWB8-15-2 C 032316
SFWBB8-15-2 C 032316
13.89 mg

DSC/TG pan PI-Rh
0mg

empty

0mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWB8-15-2 C 032316
Filename: SFWB8-15-2C 032316.ngb-dsv Sample name: SFWB8-15-2 C 032316
Date/Time: 3/23/2016 4.06:06 PM (UTC-6) Sample Mass: 13.89 mg

End Date/Time: 3/23/2016 4:38:07 PM (UTC-6) Cruclble: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg

Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible

Crucible: DSC/TG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas>/---
DSC DSC Range: 5000 pv

Remark: SFWBS-15-2 C 032316 3rd trial

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 417°C 0.0 min 6.1 min
Onset (DSC) 81.2°C 6.2 min 8.2 min
End (DSC) 103.0 °C 6.2 min 8.2 min
Area (DSC),0 27.18 Jig 6.2 min 8.2 min
Peak (DSC) 142.2 °C/0.9085 mW/mg 9.0 min 12.4 min
Onset (DSC) 113.8°C 8.7 min 11.8 min
Mass Change (TG) -39.86 % 0.0 min 13.5 min
Mass Change (TG) -12.90 % 13.4 min 23.2 min
Mass Change (TG) -10.08 % 23.2 min 32.0 min

Created with NETZSCH Proteus software
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lon Current *10-6 /A

TG /% DSC /(mW/mg) Temp. /°C
4 ] e E
i SFWB8-15-2 C/ 032316 142.2°C, 0.9085 mWimg T X 250
-I"v-.., 123.0C i
1 — .ﬁ — m F 1.0
2 = L | - 1.0
90 - N\ = 300
E el i }E‘!#ﬂ'b&-‘n.’hzc-?rﬂ;:;;ﬁ_lrzﬂiwp = 0. 5
I ———lonCur
: l '39.86 % - " |3|..n.b5-15‘c]1§3‘;6_mu.m 2 0 8 ! 250
lon Curz .
80 1 Onset: 41.7 °C . 0] Tab55-5 500081 & _mt® 57 imp i 0 0
] : 164.4C .- o : 1
1 Y s Bl =ab5is 2&-::5251&}'.5 37 imo ]
p =mg,
_ . e 200
70 % . 1o ﬁaaw.s-lmjﬁg_ma 57 imgr - _05 5 06
) = i abh 3 e 0303 &_m3) D3imp i
4 \ < " Eib gy Tamp F B
‘_ o i Bl ;:;b_z.-:_s-?:%i'fze_nzz- S4imp | 1 0 B 1 50
60 7 Onset: 81.2 °C ; * ~— pjfma-:s-gn:g;a{:;':'o_mzsziro ’ § 04 r
J i b 1290 % — Ior,C:;T;_ )
] -~ ﬁ_a,s;._1;5.1z~z.-.$323:e_-ras.iian L 100
E \ 254.2C Ior.C:'l\?l;_ ; [T _1 -5
50 ] L. ~ [‘ﬁiz,.‘amn‘r-'.Ha_i‘_J_EZBio_llﬂ.r.Surrp L
i T, itk = 02
: ~— -10.08 %} -2 0 - 50
40 . 1‘3'213(}---‘92';{...__,___-.‘___ 211.5C S a3
5 ¥ £ pg—— = .— "““‘*--— ——— — _‘;"'J'
; Onset 1138 °C 25 [0 0
T ¥ T T v v Y T T Y v y T T T ¥
‘ Time /min
Main 2016-04-25 09:44 User: 113674 SFWBB-15-2¢ 032316.ngb-taa
[#] Instrument File Date Identity Sample Mas... Se... Range Atmosphere Corr.
[1]1STA 409PC/PG SFWBB-15-2C 032316.ngb-dsv  2016-03-23 SFWBS8-15-2 C 032316 SFWBS8-15-2 C 032316 13.89 1/1  30°C/10.0(K/min)/350°C ARGON/50/ARGON/30 / <no gas=/— DSC:020, TG:020
[2] QMS 403 sfwbB-15-2 ¢ 032316_m2.00.imp 2016-03-23 sfwbB-15-2¢ 032316 Mass 200 71 42°CAH 3(K/min)/1°C —
[3] QMS 403 sfwb8-15-2 ¢ 032316_m11.98.imp 2016-03-23 <fwbB-15-2¢c 032316 Mass 11.88 111 42°C/1.3(K/min)/1°C -
[4] QMS 403 sfwbB-15-2 ¢ 032316_m15.97.imp 1 2015-03-23 sfwb8-15-2¢ 032218 Mass 15.97 1M1 42°CH 3(K/min)/1*C
[6] QMS 403 sfwb8-15-2 ¢ 032316_m16.97.imp 2018-03-23 sfwbB8-15-2c¢ 032316 Mass 18.97 11 42°CA . 3(K'min)/1°C -
[6] QWS 403 sfwb8-15-2 ¢ 032316_m17.97.imp 2016-03-23 sfwb8-15-2¢c 032316 Mass 17.97 111 42°CA 3(Kimin)/1°C -
[7]QMS 403 sfwb8-15-2 ¢ 032316_m30.03.imp 2016-03-23 sfwbB-15-2¢c 032316 Mass 30.03 11 42°CA .3(K/min)/1°C -
[8] QMS 403 sfwb8-15-2 ¢ 032316_m35.94.imp 2016-03-23 sfwbB8-15-2¢c 032316 Mass 35.94 11 42°CH 3(K/min)/1°C —
(9] QNS 403 sfwb8-15-2 ¢ 032316_n3 91 imp 2016-03-23 Swb8-15-2¢ 032318  Mass 43 01 11 |42°Ci1 3KImn)/1°C
[10] QMS 403 sfwb8-15-2 ¢ 032316_m45.91.imp 2016-03-23 sfwbB8-15-2¢ 032316 Mass 4591 11 42°CA1 3(Kimin)/1°C -
[11] QM S 403 sfwb8-15-2 ¢ 032316_md7 91.imp 2016-03-23 siwbB-15-2¢ 032316 Mass 47.91 1711 42°CA 3(K'min)/1°C —
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PMT2-MPR-DOP-015-

R3-FMI

Thermal Analysis with Off-Gas Analysis
by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: SfWHE-15-2C

Thermal Analysis Data Sheet

Location: (22 O

XUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units “:;:i':::i':“ Performed By
DOP s latest
C t DOP effecti .. R Ll Revision effective revision, as M_
urren effective revision S verified on Initials
Documentum
¢ 3 7Y
Z No.
Verify that DS is the current (esY No - -
effective version. (circle one) 2 5 e Q
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG / @
Cal. File Name: WIPFTEMPZ D228 !w_'rgé Y A AT A N /A OL-Ly-i7 e
Temperature & Humidity Monitor Oy RS {025 -6 (3672
) 3 2% Z No.
Calibrated Thermometer (for Water Chiller) N / A N / A
Wall Clock oY oY YO € -D-16 %&
Analysis Type: TG /(DSC)/ other
Crucible Type: alumina TG beaker / alumina DSC pans / _PI DSC p‘g / other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes / No M/A
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. el - <o Description
LANMAS / LAMCAS .
Balance ID RBR6L WA B Initials
Date: O3 /23/(1 !
Date & Time Sample Vial (mm !dd/}y{ = = e ZNo.
Opened )
Time: 16, 0] 3-234(¢
(24 hour) Date
%RH < 15,
Initials Initials
Seal %RH/Temp.: N /A Seal %RH p—
Glovebox Conditions %RH/C | not>3% | (1367Y | |27
more than Z No. Z No.
p GB235 213 (0 #!l{ll
) . 20,4 0 A 5 2
GB235%RH/Temp.: .6 t N %RH e =
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: NCw®3%-1S-Z C, Location: (220
Sample Weights (Section 5.4)
Description Cal. File No. C'I')‘:::"' Performed By Deseription
Mm/ddlyy Initials
. Date: 3-L3°16
Date & Ti'me Sample - KA 7Y
Welghed Z No.
24 hr.
Time:__ [ 6103 31316
Date
Crucible / Pan Tare Wt.
O 1664 J N/A Initials Initials
1132y | 120827
grams Z No. Z No.
Net Sample Weight G013 %q >3g,<18g
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units A:;'-;l:::i';“ l’erf;;med Verified By
Sample Chamber Evacuated? YES /0D
Evacuation / (circle one) A .
Backfill
Backfill / Carrier Gas Type: U4 2 A a
D
Gas Pressure Gas Pressure (at regulator): < | ®) psig <10 Initials Tnitials
GasFlow1: _ 20O )
11367Y ’7—&'}’ 2
Gas & Flowmeter - B o Z No. R —
Readings GasFlow2: 26 ’ ‘
51306 /
Time gas flows tumedon: 1O -4 —— D.:t'c,
Baseline (used for [WSPP350C Beaye lire O30Y 6. g bo-lv
thermal buoyancy Filename: N/A N/A
correction)
('N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-

015,R3

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

MATL NAME: NS W ®%-(S-2C

Run Parameters (Sections 5.4 & 5.6)

Location: { r 25 8 (.)

Parameter Data Units A:;:ll:::;l:' Perf;;med Verified By
Heating Rate: _| ) C°/min| =>5,<20
Maximum Temp.: % SO co < 1500°C QY \&
(=1000°C for 3013 Packaging) Initials Initials
Temperature o e O 5
Pll?oﬁle Date Started: 33 H367Y | 1 bﬂ’
24 hour Z No. Z No.
Time Started: | & O £ 7 N/A o
mmy/dd/ A e
; Yy
Total Analysis Time: "L
ThermoSt
Re;:nr:ncear Sample Temp. at Start: ) =3 ce N/A N/A
Al ok -15 Pow
haracterization on W t2”
Folder: WP P Initials
Run Data Files | Netzsch Measure Filename: N/A N/A J%GIL
0.
SR -1S - ZCOBL36 . yb-dsv
ThermoStar Filename: %“
SELWB Y- (S-ZC Oyd 6. MDE
Mass Changes:
L]
~39.9% 1- 3 mve
1) =3%. %6 Temp. Range (121~ | (4.4 f’tb ({'1’,‘_’ p;;‘!o&""/ i
2) =12 AOTemp. Range ((64.4-3 Kf w2318 Initials Initials
Wt. %/ o
Proteus Data 3) = \()., 08 Temp. Range (16%:2- 550 € oC Total <0.4 ]l'i(;q-?lq "kzﬁr'z/
0, 0.
4 _ TempRamge(_____ ) 16 2 -6 "]
T A 2 Date Date
Total mass Chanw phwps 1!
: o
- A I /]
DMw ",éd, 6 94°A
W-2x- 6 7
. c
Notes: = b7, sH o
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: _ \§ % ¥ -18-2C Location: (1.7 O
Gas Data (Section 5.6
Parameter Data ol [Acceptamee], Performied | o ini iy
Criteria By
Volatile Species: D w
Operator
) 1,0 PeakT(I1Z>.0° ) P
Thermostar | D S0 PeakT(137.2, LIS ¢y Volatile
D ) . Species /| N/A 136 7Y
ata | 3) NOAD, Peak T(1DL3,225.L 0 °C T ZNo
4) Peak T ( )
303416
5) Peak T ( ) T
| Moi = mg
Wt% {® . il Initials
e -Lq) —
Total | Date of most recent calibration: layl ! i
Moisture iy & dd " yy Wt % | <032
(H20) % Error (RSD, 1s): w ' Z No, Z No.
o/
A = +
Std. Error Slope Beie Piate
]
/ Signatures
p Acceptance
Parameter Data Units Criteria Performed By
MW
Operator
Operator — DS review N/A N/A U3 7Y
Z No.
1 23-04
Date
- /
Supeﬁ isor
Supervisor — DS Review N/A N/A 04s0i
No.
4 /‘Z,:_ ".:if /0
Date
(tnm
QR
Quality Representative — DS Review N/A N/A (H42-74
No. ;
H2 57 /¢
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
AN IA q [oW ] VVW’V.I

L= Lﬁ.ﬂ . {‘f- nu:‘-"bﬁr- m‘fl’“’{d””d 'F ufﬂc-—/

2 - Calibndsd Thunmoneder T wodir cailler not mgured

- ﬂm P b tle not reguired to pn 4o 100 °C

e ﬁﬂnﬁﬂ/ﬁw&ﬂ N*P&Huri\&ég

S - uﬂnmlhwg ((m]‘@uj" s’\u" nezf LHND/

DM 11367 B-23-16
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Instrument:
Project:
Filename:
Date/Time:
End Date/Time:
Laboratory:
Operator;

Mode:

Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

NETZSCH STA 409PC/PG
WIPP

SFWBB8-15-2 ACID A.ngb-dsv
3/24/2016 10:59:53 AM (UTC-6)
3/24/2016 11:12:13 AM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv

WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan PtRh

Remark: SFWB8-15-2ACID A 032416

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: User reset

Gas1: ARGON Flow: 50 mi/min predefined
Gas2: ARGON Flow: 30 mlimin predefined

Gas3:

<nogas> Flow:

Start criteria
Reset after maximum standby time: No

predefined

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC: S
Sample TC: S

STC G1 G2 G3

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pts/min  hh:mm

Stand-by heating 30.0 20.0

—  Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

Emergency 370.0

- Final stand-by heating 300 400 00:08

—- Final stand-by isothermal  30.0

02:00

[ J - PSR S S WS Y
a7 = SR S SR
cCooooOoOo
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5000 pV

30000 mg
SFWB8-15-2 ACID A
SFWB8-15-2 ACID A
24,981 mg

DSC/TG pan Pt-Rh
0mg

empty

0 mg

0 mg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Froteus soffware



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-2 ACID A.ngb-dsv
3/24/2016 10:59:53 AM (UTC-6)
3/24/2016 11:12:13 AM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv

DSCITG pan Pt-Rh

5000 pVv

Remark: SFWB8-15-2 ACID A 032416

Segments: 1/1 : 30°C/10.0(K/min)/350°C
Parameters Result Range (min) Range (max)
Value (Temp.)  11.2 min 140.2 °C

Onset (DSC) 118.9°C 9.2 min 11.9 min
Onset (DSC) 374°C 0.0 min 5.1 min
Onset (DSC) 107.3°C 8.4 min 8.8 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:

216

30000 mg
SFWB8-15-2 ACIDA
SFWB8-15-2 ACID A
24.981 mg

DSC/TG pan Pt-Rh
0mg

empty

0'mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/---

Created with NETZSCH Proteus software



DSC /(mW/mg)

TG % Temp. /°C
! 1 exo - 160
; SFWB8-15-2 + 100 uL 10M HNGO3 / 0.3M HF A (aborted) [
250 - NI o5
s \ - 140
- . (-]
200 1 omset 374°C | oo
L)
150 Jl | i 120
: | --0.5
100 { = | L 100
] --1.0
1 Onset; 1189 °C \
50 -
] \ L 15 F80
] [1] SFWB8-15-2 ACID A ngb-dsv
04  ==—— TG Cnset: 107.3°C \ i
] B L
. Temp. \ -2.0 |60
-50 1 ‘ [
’ 2.5
: | 40
1004 T 11.2 min, 140.2 °C
0 2 4 6 8 10 12
Time /min
Main 2016-04-20 11:20 User. 113674 SFWB8-15-2 ACID A aborted.ngb-taa
Instrument : NETZSCH STA 409PC/PG File : CINETZSCH\Proleus61\datal\SFWB8-15-2 ACID A.ngb-dsv Remark : SFWB8-15-2ACID A 032416
Project: WIPP Material : WIPP surrogate Segments : M
Identity :  SFWBB-15-2ACID A Correction file : WIPP 350C Baseline 030818.ngb-bsv Crucible: DSC/TG pan PtRh
Dateitime:  3/24/2016 10.53:53 AM Temp.Cal./Sens. Files : WIPP temp 022816.ngb4sv / WIPP 022916.ngb-esv Atmosphere : ARGON/50 / ARGON/30 / <no gas>/—
Laboratory : 55-0004-0208 Range: 30°C/10.0(K/miny/350°C TG corr/m.range: (020/30000 mg
Operator:  DMW Sample car.TC : DSC(TG)HIGHRG 2/S 'DSC corr./m. range: 020/5000 |V
Sample : SFWBB-15-2 ACID A. 24.981 mg Mode/type of meas.: DSC-TG /sampie with correction
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PMT2-MPR-DOP-015- Thermal Analysis with Off-Gas Analysis
R3-FMI by Quadrupole Mass Spectrometry Page 53 of 58

MATL NAME: N € W® %-(5-L ACTD A Location: __ (5 27O
Thermal Analysis Data Sheet

[X]Use Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Ag:if::i:“ Performed By
DOP is latest
c DOP effecti .. RL( Revision | effective revision, as M
urrent effective revision aumbes verfiedon Initials
Documentum | }.3 § 7%
Z No.
Verify that DS is the current ( Yeg;‘ No
Y S
effective version. (circle one) NA 9 M
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG | knsc) —_—
e w/A Z-L¥- 177 Initials
Cal. File Name: [P P TEmP 02251 b [wTidp il
Temperature & Humidity Monitor oY) Y§x lo-15- (6 /%6 79
Calibrated Thermometer (for Water Chiller) N / A N / )A R
3-iyq-/§
Wall Clock . OYoyY vy ¥-3-1¢€ Date
Analysis Type: TG IKDS(DI other
Crucible Type: alumina TG beaker / alumina DSC pans (7/ Pt DS paﬁs / other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes / No N/ A
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. C.]I)' :I::p- P"f;;mﬂj Description
LANMAS / LAMCAS ¢ N/A NA DM
Balance ID [53€6 Initials
0d~¢11-16
. N Date: LB Spmw /BE7¢ 3-Laif IDZ(&L(J
Date & Time Sample Vial (mm7dd’yy) AR A o
Opened 55
Time:_{ O 149§ 3-24-/¢
( 24 hour) Date
| %RH<15,| DWW _| W&
; Initials [nitials
Seal %RH/Temp.: Z\_}Z A Seal %RH ;
Glovebox Conditions %RH/C° | not>3% 113679 [tos ]
more than Z No. Z No.
GB235 /
. 0.L [227° % 3-1u-04 | B[ 2%
GB235%RH/Temp.: Q_bj;_?’r %RH — (Dm

218



PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: ___ 2§ lu@se-(5-7. Acth A Location: __ G220
Sample Weights (Section 5.4)
Description Cal. File No. C‘l::f:P' Performed By Description
D mw)
Ml'l'lfddf}')" Initials
. Date: FS -Ld- l' G
Date&Tl_me Sample e - ik 13679
Weighed Z No.
24 hr. oy
Time:__ [0S T 3-24
Date
Crucible / Pan Tare Wt. oS- O s “
O ’ l (3 74 3y N/A Initials Initials
13624 | 120527
grams Z No. Z No.
Net Sample Weight o v % >3g,<18g
p # 0.025 3 A M1l | 3/
Date Date
Instrument Setup (Section 5.4)
= Acceptance Performed T
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES @
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: W HP Af'
D/
Gas Pressure Gas Pressure (at regulator): _ < 10 psig <10 Initials %
50
Gas Flow 1: P ’
a9 | 102
Gas & Flowmeter by ohe N/A Z No. “INe
Readings Gas Flow 2: ‘mm -
; 3-Ld-U(
Time gas flows turned on: L_Qi__ Date l%flhp
Baseline (I.lSBd for WwWiI?f Bspoc DAIELTNVE DHoxl b, "\5&’" bsv
thermal buoyancy Filename: N/A N/A
correction)
(‘N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry

MATLNAME: ___ SYWwe% - (S- 72 ACTD A Location: __ G220

Run Parameters (Sections 5.4 & 5.6)

Acceptance Performed

Parameter Data Units Collrts By Verified By
Heating Rate: | Q C°/min| >35,<20
Maimum Temp: 3> O c | <1500 | _PW | E=
(21000°C for 3013 Packaging) Initials Initials
Ti rat ! .
“Profile Date Started: 3~ 4= 16 AT | 122>
24 hour Z No. Z No.
Time Started: _| | ; OO ; NA |3 2M %
ime mm/dd/ Date ba
v yy
Total Analysis Time: __() O 1%
Tli]:f]::::: ct:r Sample Temp. at Start: 32& 2 Lo €2 N/A N/A
All Data stored on; “TAS5 NMT-15 Powder
Characterization on Winnmt2” N
Folder: ; OIn'W
JITPP
Run Data Files | Netzsch Measure Filename: N/A N/A | \2{;;0‘7'
SHWBS-13-2 ALD A. Ngb-dsv
ThermoStar Filename: ?\éatj
(]
SCwBE-132 ACTD A . MDC
w/
hanges: NO ‘OHTA Dlr?‘;”b( (a
1) Temp. Range ( ) "13" i | w
2) Temp. Range ( ) Initials Initials
Wt. %/
Proteus Data 3) Temp. Range ( ) oC Total <04 | | }’2(&2”{ ! 1;5::?
4) Temp. Range ( ) 3-14-l6 3!2&[&
Date Date
Total mass Change:
Notes:

Ruon ABoRED @ WN\ZAM — muss change  indicddsol bt soungle
s vw'_l“h? coused tnteracérin. \J,/I Cuvace walls. FToOO VIUCH S AMPLE
—ne ey 08 . Loy llkn&l--‘ﬁ‘”f'f‘{’ geur! ~i4o-1Sa’c USTFuc D) {3679

f")---?.}i =14
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: SYWB R-(5-L AZ) R

Gas Data (Section 5.6

Location: G L0

Parameter

Data

Units

Acceptance

Criteria By

Performed

Verified By

ThermoStar
Data

Volatile Species: N L Q;_S-\.Q.{Y

n
2)

3) Peak T (

D g

1367y
Peak T ( ) 2Ly lb

Peak T ( )

)

4

5) Peak T (

Peak T ( )

)

Volatile
Species /
°G

N/A

D/

Operator

1)267Y

+ Z No.

3 U

Date

Total
Moisture
(H,0)

r\J

mg

Wt %

Date of most recent calibration:

/ y%’/"’/

=100 x

mi | _dd—"
%{‘RSD 1s): D/W W

Std. Error

Slope

Initials

<0.32

=" |

Initials

Z No.

Date

Date

Signatures

Parameter

Data

Units

Acceptance
Criteria

Performed By

Operator — DS review

N/A

N/A

D e
Operator
N 7Y
Z No.

y-24-/C
Date

Supervisor — DS Review

N/A

N/A

(4

é‘ / - ’lgte .

-f”_

?No

Quality Representative — DS Review

N/A

N/A

4w
QR
14114

Z No

HjaiL

Date
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all

entries are complete before approving.

Comments:

M /A S Mo
1) _tal Cile # wot itsasd LarOPC. rw&"mww - ot &9 wired

?) (u—p 97‘7\5/)%9_\»1@13/ 1‘0" Laje- ?lp ol //r“ﬁ- r\.\'ﬂ ﬂ???:- nﬂéz
z) ﬂvnﬂ Lk /f i //Ozir rwf rwu bl

v) "‘::.e'x.ﬂ RHD [ Tevng - )'b'f'!'ﬂa’r, u‘e‘y/

‘;) A0t e (tvx/na?( (AVANYS .-E’Ef?!LI-MFD

— Riiin ABORTED < Per 1B mosni U

OMWw_p1ne7tr 3-04-26
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Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 408PC/PG
WIPP

SFWB8-15-2 ACID A2.ngb-dsv
3/24/2016 2:16:17 PM (UTC-8)
3/24/2016 2:48:20 PM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 pVv

Remark: SFWB8-15-2 ACID A2 second attempt

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 38.5°C 1.3 min 5.4 min
Onset (DSC) 1204 °C 9.4 min 10.0 min
Onset (DSC) 86.5°C 6.2 min 8.3 min
Peak (DSC)  142.9 °C/0.6792 mW/mg 10.4 min 12.2 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

223

30000 mg
SFWB8-15-2 ACID A2
SFWB8-15-2 ACID A2
18.292 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/---

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-2 ACID A2.ngb-dsv
Date/Time: 3/24/2016 2:16:17 PM (UTC-6)
End Date/Time: 3/24/2016 2:48:20 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-2 ACID A2 second attempt

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mi/min predefined
Gas2: ARGON Flow: 30 mlimin predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin pts/min  hh:mm

— Stand-by heating 30.0 20.0

— Stand-by isothermal 30.0 00:05

1 Dynamic 3500 10.0 100.00  00:32

- Emergency 370.0

-~ Final stand-by heating 30.0 400 00:08

-~ Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:

TG TG Range:

Sample identity:

Sample name:
Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:

Material:

Sample determination mode:
Residuum measurement:

Furnace TC:

Sample TC:

STC G1 G2 G3

[ = - O SO GRS VI
OO0 = ik

224

(=N =N-N=N=}-]

5000 pv

30000 mg
SFWB8-15-2 ACID A2
SFWB8-15-2 ACID A2
18.292 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software



lon Current *10-6 /A
TG /% DSC /(mW/mg) Temp. /°C

SFWBB8-15-2 + 100 uL 10M HNO3 / 0.3M HF A2 T e 10
142.9 °C, 0.6792 mW/mg xﬁ .
ﬂ L

- 350

05 i
[ SFWES- 152 ACIDAZ sy :

i PR E A e
__."':' Iorcr:l;;?:l -00 [

100

Onset 38.56 °C

90

O TORT SN Vi LN RO e Vi B R Y Tal Thusl Do et I |

e i S¥b5-152 2013 a2_mi | S |
80 -41.61 % el [ 250
mc e 54 [#=ib5-152 z:cTEar:;m.S 7 amp !
afel Re ﬁ;sh-h}!!nlzm;:ci..f_rsjm'é ime i -05
. : L 10 200
70 3} e . Fisiv ..‘amjx;rr.. Tinp . {
lo e ’ Em-na-.s?i;fﬁ}aa_-mm i _1 O
1 52" E.*s;-.-n;:&':?’éé;z%gwas o i ' i 150
60 7 " . Innflar:;;ﬂ [
T T T s |- _
--l l - N\ \ | r"'lerrr.g 1 l5
1 Onset: 86.5 °C h . % sﬁcb_s-:agﬂ—.:ié:};_m.aiiw - 05 i 100
\ lor Carran 3
50 1 L, 11185152 822 a7 g 2202 % | F _20

Onset: 120.4 °C

40 | (R i 226.7C 25
1 !
_— -
| Time /min
Main 2016-04-25 11:22 User: 113674 SFWB8-15-2 ACID A2 ngb-taa
[#] Instrument File Date Identity Sample Mass/... Seg... Range Atmosphere Corr.
[1] STA 409PC/PG SFWB8-15-2 ACID AZ.ngb-dsv 2016-03-24 SFWBB-15-2 ACID A2 SFWBS-15-2ACID A2 18282 11 30°C/10.0(K/min)/350°C ARGON/50/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-2 acid a2_m2.00.imp 2016-03-24 sfwb8-15-2 acid a2 Mass 200 11 37°CI1(Kfmin)/1°C -
[3] QMS 403 sfwb8-15-2 acid a2_m11.98.mp 2016-03-24 sfwb8-15-2 acid a2 Mass 11.98 11 37°C/1 A(Kimin)/1°C -—
[4] QWS 403 sfhwb8-15-2 acid a2_m15.97.imp 2015-03-24 sfub8-15-2 acid a2 llass 1597 1/1 37/ A (Krmini/1°C
[5] QMS 403 sfwb8-15-2 acid a2_m16.97.imp 2016-03-24 sfwb8-15-2 acid a2 Mass 16.97 11 37°CH A(Kimin)/1°C -
[6] QMS 403 sfwb8-15-2 acid a2_m17 97 imp 2016-03-24 sfwb8-15-2 acid a2 Mass 1797 11 37°CH {(Kimin)/1°C -
[7] QMS 403 sfwbB-15-2 acid a2_m30.03.imp 2016-03-24 sfwb8-15-2 acid a2 Mass 3003 " 37°C/I1.1(Kfmin)/1°C -
[8] QMS 403 sfwb8-156-2 acid a2_m35.94.imp 2016-03-24 sfwb8-15-2 acid a2 Mass 3594 111 37°CM.A(KImin)/1°C —
9] QMS 490 shwbB-13-2 acid a2_m43 91 mp 2016-03-24 siwp8.15.2 acd a2 Mass 439 } 773 WK *C :
[10]QMS 403 sfwb8-15-2 acid a2_m45 91.imp 2016-03-24 sfwb8-15-2 acid 22 Mass 4591 1" 37°C1 {K/min)/1°C —
[11] QM S 403 sfwb8-15-2 acid a2_m47 91.imp 2016-03-24 sfwb8-15-2 acid a2 Mass 4791 11 37°CH 1(Kimin)/1°C

Creafed with NETZSCH Proteus software
225



PMT2-MPR-DOP-015- Thermal Analysis with Off-Gas Analysis

R3-FM1 by Quadrupole Mass Spectrometry Page 53 of 58
MATLNAME: \€ () R%-(S-L aeTh AQ Location: (120
Thermal Analysis Data Sheet
X Use Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A:;::::;“ Performed By
DOP is latest
A 211 Revision flecti isi
Current DOP effective revision RY number g ec‘:;‘;: :::“’ > Initials
Documentum
Ny
Z No.
Verify that DS is the current @ No
effective version. !le one) Na Xes 3146
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG | @_C) D wa
Cal. File Name: (WWEP{ TOMP 070 16/ WIPAO2LY I, /A oz./ (21 / 17 R
Temperature & Humidity Monitor O IKKYK lo -5 e HRLTY
Calibrated Thermometer (for Water Chiller) ~N j,& NJA i
R SAA
Wall Clock - OY 04 %0 T T ~ Date
Analysis Type: TG / @f other
Crucible Type: alumina TG beaker / alumina DSC pans / Pt DSC pans / other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes /No ﬂ// A
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. C“];-:::P- P"f;;""d Description
LANMAS / LAMCAS '
Balance ID ’EZ) 566 A s Initials
' . Bite: O3 /’2'1/“; Hﬁ%ﬂf_
Date & Time Sample Vial (mm7/dd7yy) o Sk ZNo.
Opened o il
Time: (%, OS L-/L
{ 24 hour) Date
%RH<15,| _pmiws |\F—
Initials Initials
Seal %RH/Temp.: V/A Seal %RH .
Glovebox Conditions %RH/C® | not>3% | 217€79 | 1208 L7
more than Z No. Z No.
GB235 _ ul/
GB235%RH/Temp.: 0.4 € 3/.1% %RH | L= 77-1 ’/ { ﬁ
Date Date'
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _ S Flup%-13-7 ACTD A2 Location: _G 229
Sample Weights (Section 5.4)
Description Cal File No. Cn]l].-?:p. Performed By Description
Oy
Mm/ddfyy Initials
5 ) _3 > L‘f -l &
Date & T:_me Sample Date - ik 3y
Welghed Z No.
24 hr.
Time:_ {4 [ O e O A i [ 4
Date
Crucible / Pan Tare Wt. O L 6w ¥4 Ly =
2 ¢ N/A Initials Initials
136y | 1205 T
gran-ls Z No. Z No.
Net Sample Weight O ¢ >3g,<18¢g
O.01s9¢/ 300, }lul[[;.
Date Date
Instrument Setup (Section 5.4)
Parameter Data Uniits Acce'pta'a e Fertinund Verified By
Criteria By
Sample Chamber Evacuated? YES (NO
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: WHP Ar
D W
Gas Pressure Gas Pressure (at regulator): _ < | O psig <10 Initials “Initials
GasFlow1l: S0
13677 | | €Y
Gas & Flowmeter ; Z No. =2
. . Z No.
Readings GasFlow2: _ 3 U nh:mm N/A o
Llq-)b t
Time gas flows turned on: _&: ﬂ Date: ,D"t‘ “'
. ate
. ~YSV 374
Baseline (used for | w2 TP 350 C Baseline 030% 16 gl fis? ¢ N::\-)z ‘]a:- 6
thermal buoyancy Filename: N/A N/A
correction)
('N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: _ SSWH%-1S-2 ACTP AZ- Location: _ 22
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units A‘(:;;E::in‘“ Perf;;med Verified By
Heating Rate: _ [ © C°min| =5,<20
Maximum Temp.: 3 S Q co <1500°C | Drwav
(=1000°C for 3013 Packaging) Initials Initials
Temperature
Date Started: % ‘Lot~ nicn | 129587
Profile ‘ 24 hour ZNo. Z No.
Time Started: __( <+ 177 y NA | 326
G 2 mm/dd/ Date Date
Yy
Total Analysis Time: _ OO\ 5 T
ThermoSt 9 o
Refer:nc:I Sample Temp. at Start: 56 2 C N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnmt2”
Folder: UJ‘LPP Initials
Run Data Files | Netzsch Measure Filename: N/A N/A %ZL
0.
WWISE - 15- T ACED AL ngb dsv
ThermoStar Filename: g < S 5 78
Date
AFWBE-(5-2. AD AL. MDC_
Mass Changes:
1) -4 lel Temp. Range ( &'—I‘Jf}-();f- ™ mas @
2) =11.0L Temp. Range (D6~ S0 Initials Initials
Wt. %/
Proteus Data o Total < 0.4 e | \SL)
R . e )
3) Temp. Range G i Ty NG
4) Temp. Range ( ) ALl | B (u-l’
Date Date '
Total mass Change: < 7
- 63 637
Notes:
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by

Page 57 of 63

015,R3 Quadrupole Mass Spectrometry
MATLNAME: __ S€WWR X182 ACTh A3 Location: (.) 70O
Gas Data (Section 5.
. Acceptance| Performed .
Parameter Data Units Criteria By Verified By
Volatile Species: l &1/: LJ
A Operator
1 14_,9/»,1 Peak T P
2) (O, PeakT@L.l, Z16.0%) Volatile
e E ) Species/| N/A N3
a 3) NO/MO, Peak T(190.6 776.1¢ Le " ZNo,
4) Peak T ( )
-7 -
- 14—
5) Peak T ( ) Z—F’g
. - Initials . Initials
Total
Moisture <0.32
(H,0) Z No. Z No.
Std. Error Slope e i
Signatures
Parameter Data Units A:;:if::;u Performed By
N
Operator
Operator — DS review N/A N/A s Y
Z No.
Se2-16
Dalte
§(upefr_yisog
Supervisor — DS Review N/A N/A 09 2 o[
Z No.
/2 &f /K‘
Date
Hm
QR
Quality Representative — DS Review N/A N/A IH127
Z No,
J
%.S__
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
N/A sumtmay

D (el Sile No. wot r;e.. wced G UPC v s Fowmandty

'1\ (O.o Lr ‘Tkﬂmwu‘l’f -F(, l.l/a‘f\,f (f/f //f( et rEz; n‘f.//

3\ T&Ma P:u‘*,r to ]l(tl)q_ N‘ff*"\l.”rt./

‘f\ . KH T o

C:) VWA st uzm‘iim?‘ [SEon1 E-Jt Qg2 0

AJ/\J /n'sLM /ﬂ,«m 26
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-2 ACID B.ngb-dsv
Date/Time: 3/25/2016 10:42:35 AM (UTC-6)
End Date/Time: 3/25/2016 11:14:36 AM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWBB8-15-2 ACID B - 2 white kernels

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 miimin predefined
Gas2: ARGON Flow: 30 mlifmin predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pts/min  hh:mm

-——  Stand-by heating 30.0 200

-~ Stand-by isothermal 30.0 00:05

1 Dynamic 3500 100 100.00 00:32

---  Emergency 370.0

-—  Final stand-by heating 300 40.0 00:08

---  Final stand-by isothermal  30.0 02:00

DSC DSC Range:

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:

Furnace TC: S
Sample TC: S

STC G1 G2 G3

[ o J = [T T W Y
[ < T e JE S S ¥
[=R===N=i-]

231

5000 pV
30000 mg
SFWB8-15-2 ACID B
SFWB8-15-2ACID B
15.59 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Nat possible

Created with NETZSCH Froteus software



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-2 ACID B.ngb-dsv
3/25/2016 10:42:35 AM (UTC-6)
3/25/2016 11:14:36 AM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv

DSC/TG pan Pt-Rh

5000 pVv

Remark: SFWB8-15-2 ACID B - 2 white kernels

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 378°C 1.6 min 6.4 min
Onset (DSC) 70.0°C 5.1 min 7.9 min
Onset (DSC) 116.5°C 8.7 min 9.4 min
Peak (DSC) 143.5 °C/0.6108 mW/mg 9.7 min 12.1 min
Onset (DSC) 123.8°C 9.6 min 11.6 min
Area (DSC),0 6.394 Jig 9.1 min 9.6 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:

232

30000 mg
SFWB8-15-2ACID B
SFWB8-15-2ACID B
15.59 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/--

Created with NETZSCH Proteus software



lon Current *10-5 /A

TG /% DSC/(mW/mg) Temp. /°C
4 SFWBB8-15-2+ 100 uL 10M HNO3/0.3M HF - B T ex{ﬂ 4 [ ]
100 H 143.5 °C. 0.6108 mW/mg mr1.0 o 12 350
4 -...\ 121.5C m_— = e ——— | i
90 _' EEFw_a?f‘E-:z;q:féar_.;t—éa- ': 05 B 1 O b 300
] P 1-'4“;.554-»3,:52 aﬁ?n'f_'fr'z.;: im0 . 1 i
] -® E"Tp 4
J Onset: 37.8 °C -36.34 % . |3'-.5,=.-,w1.'.~lz°r£:'"|':err}:::35m 2 - 250
80 A 163.4C o e g 0.0 0.8 [
- = [MisfabE1a2 E?:F:aﬁ" 557 imp L
y lon Cun=rt i L
4 . [E:zabE- 52 a0 b_rm16.57 imo L
3 117C = Tarcp, L, [l 200
70 a . Ieﬁsfaﬁzslzw;%}?ﬁy o I 0'5 R 06 1
i d ' e [T 55wbE &wé?iﬂwmm i 1 5 0
60 - RS e 10 Lo |
J . \ \ 1&;;&.»-»51:-.‘@235@‘-‘:433 img - '
- =mp. L
J Onset: 70.0 °C = \ [i{)}s?ﬂﬁ-‘;f; gﬁ:}ﬁsa e .- 1 00
] Onset: 123.8 °C =~ - 15 g2 |
- [3iisfabS-1522ad b md7S1Imp + % '-
] _ Area: 6.294 J/g . S ! ] 50
i | E—— ; Onset: 116.5 °C 75T ) -24.58 % || )
- (353 3 D e 0 2882 F-20 |g
L T i v T T T T T T T d T u T T T T Y Y T T v T T i
_ Time /min
Main  2016-04-2511:32 User: 113674 SFWBS-15-2 ACID B.ngb-taa
[#] Instrument File Date Identity Sample Mass/img Segment Range Atmosphere Corr.
[1] STA 409PC/PG SFWBBS-15-2 ACID B.ngb-dsv 2016-03-25 SFWBB-15-2 ACID B SFWB8-15-2 ACIDB 15.59 17 30°C/10.0(K/min)/350°C ARGON/50 / ARGON/30/ <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-2 acid b_m2.00.imp  2018-03-25 siwb8-15-2 acid b Mass 2.00 111 36°C/0.9(K/min)/1°C —
[3] QMS 403 sfwb8-15-2 acid b_m11.98.imp 2016-03-25 sfwb8-15-2 acid b Mass 1198 n 36°C/0.HK/min)1°C —_—
[4] QIS 403 stwh8-15-2 acid b_m15.97 .imp 2016-03-25 sfwb8-15-2 acid b lMass 1597 11 38°C/0.9(Kimin)'1°C
[5] QMS 402 sfwb8-15-2 acid b_m16.97.imp 2016-03-25 sfwb8-15-2 acid b Mass 1697 11 36°C/0.9(K/min)/1°C -
[6] QMS 403 sfwhb8-15-2 acid b_m17.97.mp 2016-02-25 sfwb8-15-2 acid b Mass 1797 11 36°C/0.9{K/min)1°C -
[7]1 QMS 403 sfwh8-15-2 acid b_m30.03.imp 2016-03-25 sfwb8-15-2 acid b Mass 3003 11 36°C/0.9(K/min)/1°C —
[B] QMS 403 sfwh8-15-2 acid b_m35.94.imp 2016-03-25 sfwb8-15-2 acid b Mass 3594 111 36°C/0.9(K/min)/1°C —
(8] QNS 40: sfwhB-13-2 acid b_md3 91 mp  2016-03-25 sfwhB-15-2 acid klasz 43 M 1 36°CI0 Kimiiny1 "'C
[10]QMS 403 sfwb8-15-2 acid b_m45 91.imp 2016-03-25 sfwb8-15-2 acidb Mass 4591 11 36°C/0.9(K/miny1*C -
[11] QM S 403 sfwb8-15-2 acid b_md7 91.imp 2018-03-25 siwb8-15-2 acid b Kass 4791 11 36°C/0.9(Kimin)1°C -

233

Creafed with NETZSCH Profeus sofhware



PMT2-MPR-DOP-015- Thermal Analysis with Off-Gas Analysis

R3-FM1 by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: SYwWRiS-Z ActD R Location: <17
Thermal Analysis Data Sheet
Xuse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Ag:il:::i:“ Performed By
DOP is latest =
; < i > Revision ffecti ision, Oy
Current DOP effective revision RY number i J:ZEZ:‘:HM ® Initials
Documentum
)67y
Z No.
Verify that DS is the current @_}_}\Q
Yes
effective version. le one) e s = rs=tl
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circleone) : TG / | DSC
e iz safzefr7 | St
Cal. File Name: LWLP{ yvwp 002491 & !wt. PP e
Temperature & Humidity Monitor O%lvyy i 52 $-0¢ t,
Calibrated Thermometer (for Water Chiller) ~A W/A n,
3-18-{6
Wall Clock Oy O« YU ¥-3-1§ "~ Date _

Analysis Type: TG /[ DSC\/ other

Crucible Type: alumina TG beaker / alumina DSC pans / I’t DS@M / other
o

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes /No )ﬂ
r
Glovebox Conditions (Sections 5.3 & 5.4)
—_ , Cal. E: Perf d
Description Cal. File No. .D “: P ¢ ;;me Description
LANMAS / LAMCAS 366 N/A N/A
Balance ID Initials
3¢
_ | Date:_o3/[2sf 16 ];?_NTLL
Date & Time Sample Vial (mm7dd7yy) ik ik 0:
Opened _ .
Time:___ {0 3] 31516
(24 hour) L
%RH < 15,| D MW >’
Initials Initials
Seal %RH/Temp.: 1N /YA Seal %RH
Glovebox Conditions %RH/C® | not>3% | 117¢74 | \WsL]
more thm Z No. Z No.
GB235
. SRR =Rl | 3-2a- (6 -’ {/
GB235%RH/Temp.: 0% [% .1 %RH o l'm (e
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: SSTW%R -iS-2 AcLD B Location: __ (220
Sample Weights (Section 5.4)
Description Cal, File No. Cﬂlll-:t‘-:li- Performed By Description
§20 il
. . OY-L- (b
Date & Time Sample Date:
~ 11679
Weighed NA e
L 24 hr.
Time:___ |0\ Y Bl €
Date
Crucible / Pan Tare Wt. S Divay ;
O:(67s & N/A Initials Initials
nyav | | LoS]
grams Z No. Z No.
Net Sample Weight 0. 0/1559 >3g,<18¢g
vzsiic| 3lecfy
Date Date
Instrument Setup (Section 5.4)
. Acceptance Performed .
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES /NO
Evacuation / (circle one) ;
Backfill HA N&
Backfill / Carrier Gas Type:ut A~
- , T el
Gas Pressure Gas Pressure (at regulator): <\ psig <10 Initials "nitials
Gas Flow 1: g o )
37"
Gas & Flowmeter %0 h: N/ e l_zz?'mﬁ?
Readings Gas Flow 2: nn:mm A .
J-15-06 _.,! z
Time gas flows tunedon: [ : 2 =3 Date I:z)atc
Baseline (used for WEIPf 330C Bese 1~ O305(6. i b
thermal buoyancy Filename: N/A N/A
correction)
(‘N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: S Y108 X -15-2 AXD B Location: _ G220
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units Acu_pn_u e Patferined Verified By
Criteria By
Heating Rate: [BS) C°Mmin| =25,<20
Maximum Temp.: 2SO co <1500°C | w
(=1000°C for 3013 Packaging) " Initials Initials
T s
er;::)ett?wre Date Started: __ > 235 * (& ray [\ 28T
e 24 hour Z No. Z No.
Time Started: __ { O "{Z 7 N/A 31506
whe = mm/dd/ Do Date
Yy
Total Analysis Time: 0O’ 3T
Th
R:;;nr::ct:r Sample Temp. at Start: 34 . O Ce N/A N/A
All Data stored on: “TAS55 NMT-15 Powder
Characterization on Winnmit2”
Folder: —
w..:; P P Initials
Run Data Files | Netzsch Measure Filename: N/A N/A -{%—
Q.
SCWBRE-1S-Z AT B. Nyl dSV.
ThermoStar Filename: 3-25416
Date
EWRK-IS-L AcTD B - MDC
Mass Changes:
1) =3:3%% Temp. Range (RT- 1654 ¢) DW e g
2) “L4.5%7, Temp. Range (16755 §50e ) Initials Initials
Wt. %/ g, v
Proteus Data 3) Temp. Rangs ( ) oC Total <04 | [i é G 130." i };{L 4
4) Temp. Range ( ) Fersel 2
Date Date
Total mass Change:
* <60.31%
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 57 of 63

MATLNAME: SSuR%-iS-2 ACTD B

Location: (G5-2.72.Q

Gas Data (Section 5.6
= Acceptance| Performed Z
Parameter Data Units Criteria By Verified By
Volatile Species: *
, o Operator
) B0/l Peak T(IZ7.5°¢C )
( o 1 ? ;¢ o .
ThermoStar 2) 2 Peak TS 12685 ¢ ) Volatile
Data ) Species / N/A Hie?1y
4 3) NOMNY, Peak T (il3.1 135.3 15.L)C °C " ZNo.
4) Peak T ( )
5) Peak T ( ) ﬁ%:e“"
Total Moisture = mg
Wt % N / A [ Initials Initials
Total Date of most recent calibration: / e ""\EZ'.-
Moisture mm__dd—"yy, - Lb WC% | <032
(H;0) | % Error (RSD, 1s): 113677 ZNo. ZNo.
om
=100 x =
'/_
) / Std. Error Slope Defe Dot
Signatures
Parameter Data Units Ag:l':::;“ Performed By
v
Operator
Operator — DS review N/A N/A 7
Z No.
3°Ls-16
Date
Supervisor
Supervisor — DS Review N/A N/A Qb ¢ \ ¥
Z No. .
« 1O/
HwM
QR
Quality Representative — DS Review N/A N/A IHq2:74
Z No.
H) ,%[{L
ate
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:

N/A S uwrimany

D) €af Cle ¥ olnep sotersct £ LIBC, Hons

'I\’i Ca&ilﬂ.T&d/WPr Cor wede - l"lA‘;l’:!f‘ rat \r"'?{ r.n'n-‘L/.'J

A) Tusg o €. le e 1109% Mf‘n-ﬂ.cztum

'-i‘) "vepg_ 'fe,v'-mf/z.ﬂlf n'\Q‘L!"Qo{?J:J-Iﬂ(Q

c;) Mo s .00 {;w('m'f en .-w.a;‘.nnu’/

= :
DM 1862y R-25- (6
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Instrument: NETZSCH STA 409PC/PG DSC DSC Range: 5000 pVv

Project: WIPP TG TG Range: 30000 mg

Filename: SFWB8-15-2 ACID C.ngb-dsv Sample identity: SFWB8-15-2 ACID C
Date/Time: 3/25/2016 1:35:22 PM (UTC-6) Sample name: SFWB8-15-2ACID C
End Date/Time: 3/25/2016 2:07:22 PM (UTC-6) Sample Mass: 7.668 mg
Laboratory: 55-0004-0208 Crucible: DSC/TG pan Pt-Rh
Operator: DMW Crucible Mass: 0mg

Mode: DSC-TG Reference name: empty
Measurement Type: sample with correction Reference Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Reference Crucible Mass: 0 mg

Temp.Calib.: WIPP temp 022916.ngb-tsv Material: WIPP surrogate
Sensitivity: WIPP 022916.ngb-esv Sample determination mode: Manual

Crucible: DSC/TG pan Pt-Rh Residuum measurement: Not possible

Remark: SFWBB8-15-2 ACID C 3rd run white blob

Furnace: STD SiC(PC) Furnace TC: S
Sample carrier: DSC(/TG) HIGH RG 2 Sample TC: 5
Measurement End: Normal end

Gas1: ARGON Flow: 50 mli/min predefined
Gas2: ARGON Flow: 30 mi/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:
Num Mode Temp. HR Acq.Rate Duration STC G1 G2 G3
°C Ki/min  pts/min  hh:mm

--- Stand-by heating 300 200 1 1 1 0
- Stand-by iscthermal 30.0 00:05 1 1 1 0
1 Dynamic 350.0 10.0 100.00 00:32 1 1 1 0
-  Emergency 370.0 1 1 0
- Final stand-by heating 30.0 40.0 00:08 1 0 0 0
- Final stand-by isothermal ~ 30.0 02:00 1 0 0 0

Created with NETZSCH Proteus software
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Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-2 ACID C.ngb-dsv
3/25/2016 1:35:22 PM (UTC-6)
3/25/2016 2:07:22 PM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 pVv

Remark: SFWB8-15-2 ACID C 3rd run white blob

Segments: 1/1 ; 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 426 °C 1.4 min 6.4 min
Onset (DSC) 745°C 5.0 min 8.0 min
Onset (DSC) 1122°C 8.3 min 11.0 min
Peak (DSC)  134.8 °C/0.9978 mW/mg 8.8 min 11.5 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

240

30000 mg
SFWB8-15-2ACID C
SFWB8-15-2ACID C
7.668 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 f ARGON/30 / <no gas>/---

Created with NETZSCH Proteus software



TG /%

lon Current *10-7 /A
DSC/(mW/mg) Temp. /°C

4 SFWB8-15-2 + 100 uL 10M HNQO3 /0.3M HF -C T exﬂ 50
100 Heee T ~ lqs | [390
== ) 3 o 1 . i
y = A Pealc 134.8 °C, 0.9978 mW/mg 1] |
i \ |:;sm:szau%§.r_gwr.-' . \ 300
90 - sois 1.0 ta0
o wbETAE acioo M2 imp L
. Temp.
i \ -37.35% , e g A 05
80 153.9C ’ — M_E,J’T:; ' | 250
485 1 ‘»:.r.if-rm
1 Onset 426 °C \ ¥ ot Cara 0.0 -3.0
: . I8 205152 55 v L
70 0 N\ ek - 200
i 3 ‘—41.»:.. mi7 STame
- i Tero
i '- o g m .-ms-fs-t;.i;‘::f:.maz imp -0 5 A
g b ——— - 20 130
i " \ j{ stabdtl ‘.l.d"ﬂ'w-.
' \ — toe & ‘-.T:.r:': ‘ '1 0 i
[Fstanb-i0 sod o_mil I.ime
] Onset:745°C /\ Onset: 1922 °C \\ — - 100
50 a . 1191 swes- $310 A8 = 27.52 % _1 .5
: "'\ TR 1 g IR 1.0 |
" g - [ :2-:::; 73 ep : 2 0 50
] o v r Curan o o [~
40 : = :,..7( = b 'lT..':C" o ettt rerenanss s .:".1 J.6C 242.3C j L
1 ; ( G 5. S =abe e
] I—— 25 10 -0
L] i % . v I L] . I L] L] L
| Time /min
Main  2016-04-25 11:46  User: 113674 SFWBB8-15-2 ACID C.ngb-taa
[#] Instrument File Date Identity Sample Massimg Segment Range Atmosphere Corr.
[1] STA 409PC/PG SFWBB8-15-2 ACID C.ngb-dsv 2016-03-26 SFWB8-15-2 ACID C SFWB8-15-2ACID C 7.668 11 30°C/10.0(K/min)/350°C ARGON/50/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-2 acid c_m2.00.imp 2018-03-25 sfwb8-15-2 acidc Mass 2.00 n 38°CH . 1(Kiminy1°*C -
[3] QMS 402 sfwb8-15-2 acid c_m11.98.imp 2016-03-25 sfwb8-15-2 acidc Mass 11.98 in 38°CH 1(K/min)1°C -
[4] QIS 403 sfwb8-15-2 acid c_m15.97.imp 2013-03-25 sfwb8-15-2 acid ¢ ltass 15.97 141 38*CH H(Kmin)1°C -
[5] QMS 403 sfwb8-15-2 acid ¢_m16.97.imp 2016-03- 25 sfwb8-15-2 acid ¢ Mass 16.97 11 38°CH. 1 (K'min)/1°C
[6] QMS 403 sfwb8-15-2 acid c_m17.97.imp 2016-03-25 sfwb8-15-2 acid ¢ Mass 17.97 1A 38°C/1 . 1{K/iminy1°C —--
[7] QMS 403 sfwb8-15- 2 acid c_m30.03.imp 2016—03 25 sfwb8- 15-2 acidc Mass 30.03 1" 38°CM1.1(K/min)/1°C -
SME £ shwb8-15-2 acid c_m35 92.imp 2016 25 stwog-15.2 acac Mass 35 94 11 38°C1 1Kmenp1°C
9] QKIS 403 shwbB-15-2 3cid c M43 91 mp 2016-03.25 sfwbB8-15.2 acd ¢ Mass 43 09 IB°C 1{Kimin ) 1°C
[10] QM S 403 sfwb8-15-2 actd £ n145 91.imp 2015.03.2—. sfwb8-15-2 acid ¢ Mass 45.91 11 38°C/M . 1(K'min)1°C -
[11) QMS 403 sfwb8-15-2 acid ¢_m47.91.imp 2016-03-25 sfwb8-15-2 acid ¢ Mass 4791 1M 38°C/1 1(Kmin){1°C -
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PMT2-MPR-DOP-015- Thermal Analysis with Off-Gas Analysis

R3-FM1 by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: _ SSfWHh%-15-L ACTD € Location: (1.2 O
Thermal Analysis Data Sheet
XlUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Ag:i':::;“ Performed By
/zq Revid DOP is latest
: i g evision ffective revisi b
Current DOP effective revision number 2 wvl::ﬁ edl:;m’ ” Tnitials
Documentum
U362y
( Z No.
Verify that DS is the current Yes /N
effective version. (circle one) NA Yo 3156
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG | @ ml )
Cal. File Name:(JT i}’ lcm';\ULL‘n!zI WELPP oLl N/A © ?’/18 / 7 -
Temperature & Humidity Monitor O | W ¥ lo-25-16 374
Calibrated Thermometer (for Water Chiller) N A o, /:4 Ll
: 325 - £
Wall Clock 07 oy o §-3-/¢ Date

Analysis Type: TG / @! other

Crucible Type: alumina TG beaker / alumina DSC pans / @C pans / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at Qﬂ“Cfminute): Yes / No N/ 4
Glovebox Conditions (Sections 5.3 & 5.4)

Description Cal. File No. CSII,':::P‘ P‘erf;;med Description
LANMAS /LAMCAS B36€ N/A N/A
Balance [D Initials
. . Date: O3 f‘lsf!(, “—.SZLNZ-Y—
Date & Time Sample Vial (mm/dd7 yy) ok o 0.
Opened
Time: /3 7% il 2N (4
( 24 hour) Dete
%RH < 15,| _
Sl Initials Initials
Seal %RH/Temp.: V{ A Seal %RH
Glovebox Conditions %RH/C® | not>3% | (/3674 | 1S
more than Z No. Z No.
; GB235 T
% Ve 16 K % 2 %
GB235%RH/Temp.: O.( stt. | oRH _(J_Dm Q.L&g‘_ﬂ
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PMT2-MPR-DOP-015-R3-FM 1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

(-0

MATL NAME: SYW®F-I18-72 ACED( Location:
Sample Weights (Section 5.4)
Description Cal. File No. Cnll).']:.:p. Performed By Description
VMw
Mmv/dd/yy Initials
Date & Ti-me Sample Date: __>-28 (6 - Wik 113 7Y
Weighed Z No.
24 hr )
Time:__(3:30 2°25-(C
Date
Crucible / Pan Tare Wt. _ Ryt ¢;
O, 66 %R N/A Initials Initials
367y | ‘u:ﬂ?
gra“-ls Z No. Z No.
Net Sample Weight 0, V0% ( Z- >3g,<I18¢g
s o5 | wf25Tre
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units Ag.:::-i:“ Perl';;med Verified By
Sample Chamber Evacuated? YES /NQ)
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: UM £ A —
Dimw
Gas Pressure Gas Pressure (at regulator): <\ O psig <10 Initials Tnitials
Gas Flow 1: 50
= 13024 | \2oS 2
Gas & Flowmeter ) ) Z No. —ZNe
Readings Gas Flow 2: > nh:mm N/A 1
(S AN
Time gas flows turned on: _j (3 277 Date > DEle( (3
Baseline (used for | WEPF 350C Basel ne 0 30¥ /6. njbipiv
thermal buoyancy Filename: N/A N/A
correction)
('N/A " if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015.,R3 Quadrupole Mass Spectrometry
MATL NAME: _S€wWR¥-18\-2 AZD < Location; _C-120
Run Parameters (Sections 5.4 & 5.6)
. Acceptance Performed .
Parameter Data Units Criteria By Verified By
Heating Rate: [ O C°/min| =5,<20
Maximum Temp.: S ;2‘ co <1500°C 0}%\‘) \£>
(=1000°C for 3013 Packaging) Initials Iditials
Temperature )
Date Started: _ 3 ~LS - 1§ [13¢74 | 12027
Frofile ‘ * 24 hour Z No. R
Time Started: (3 %3 € 7 N/A 52814
. mm/dd/ Date Date
2 Yy
Total Analysis Time: _ OO, N T
T;‘:fl::::: ::r Sample Temp. at Start: 5 /Y ce N/A N/A
All Data stored on: “TAS5 NMT-15 Powder
Characterization on Winnm¢2”
e 0 iy
Folder: | )T ¢ Initials
Run Data Files | Netzsch Measure Filename: N/A N/A /;6‘7 Y
SYWBY-1S-Z ACLD Cngl-dsv =
ThermoStar Filename: M
_ Date
QS WBY-1S -7 ACTD € MO
han
1) ~371.3S Temp. Range (£.X -1 § Tk ) )
- . X Initials Initials
2) =152 Temp. Range ({555 -55¢ )
Wt. %/ o
Proteus Data 3) L ) oC Total <04 | /] 361y 208 /
- Z No. Z No.
4) Temp. Range ( ) LS _)/‘r/lfo
Date Date
Total s Ch 2
otal mass Change 69:&'7 70
Notes:
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: S FWwWR R “(S-2L AcTD (

Gas Data (Section 5.6

Location: &7 Q

Y

. Acceptance| Performed .
Parameter Data Units Criteria By Verified By
Volatile Species: pw
o Operator
1) ORfH,O Peak T(_|OSK — )
. . > » 9 i
ThermoStar | 2 (O, PeakTUZL.0 L\3BC) Vola‘ulej VA -
Data [NO, Peak T(L17.S 742.5% Spic(t‘cs B
3) WO e (. ,.H .9 €) Z No.
4) Peak T ( )
Tl 2 {4
5) Peak T ( ) Dats
Total Moisture mg _lis
i
Wt% 17" Initials Initials
Total
Moisture
(H:0) Z No. Z No.
Date Date
-3 Signatures
. Acceptance
Parameter Data Units it Performed By
Criteria
D M)
Operator
Operator — DS review N/A N/A (¢
Z No.
30516
Date
~7
S ‘ isor
Supervisor — DS Review N/A N/A O l?o‘i'?
Z No.
lf _;’)A =) /l(l
Date
[Huw
QR
Quality Representative — DS Review N/A N/A IH9 i—l 24
g o,
Dal
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
N/v’/] ) uva vase 9
D e cal Gl # Fw- U sor-forLo nmed Calils, -t SV el
L< Q}J?:l:m-ru:( T hdrasins P‘f’or W = n.u//.-~ ot "v; s inzal b: verp
Q Teng pYolole g 1100% not «uw;v_/ Jir T
";) wf'ﬂ”/ﬁ/’w m)v"\w”n.uy’{'”—— hz?,

)) )?"lna.f'r\./-\'_ ((vV\J’d'i\j At fto r.auu/ Lo TOJ'J

_?),z??bu /u;c-,"/ /3 23~ /¢
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Instrument: NETZSCH STA 409PC/PG

Project: WIPP

Filename: SFWB8-15-2 200ul acid.ngb-dsv
Date/Time: 4/12/2016 4:00:11 PM (UTC-6)
End Date/Time: 4/12/2016 4:32:12 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWBB8-15-2 200ul acid acid only to see if 200 ul makes a difference

Furnace: STD SiC(PC)
Sample carrier:
Measurement End: Normal end

Gas1: ARGON Flow: 50mi/min predefined
Gas2: ARGON Flow: 30mi/min predefined
Gas3: <nogas> Flow: predefined

Start criteria

DSC(/TG) HIGH RG 2

Reset after maximum standby time: No

List of temperature steps:
Num Mode Temp.
°C
- Stand-by heating 30.0
- Stand-by isothermal 30.0
1 Dynamic 350.0
-— Emergency 370.0
---  Final stand-by heating 30.0

---  Final stand-by isothermal  30.0

HR Acq.Rate Duration

Kimin
20.0

10.0

40.0

pts/min

100.00

hh:mm

00:05
00:32

00:08
02:00

DSC DSC Range:

TG TG Range:

Sample identity:

Sample name:
Sample Mass:
Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:

Material:

Sample determination mode:
Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

247

OO0 = -k ca

OO0 =2 =& =i

ocoooo0o

5000 pV

30000 mg

SFWB8-15-2 200ul acid
SFWB8-15-2 200ul acid
22.848 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0Omg

WIPP surrogate

Manual

Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWBB8-15-2 200ul acid
Filename: SFWB8-15-2 200ul acid.ngb-dsv Sample name: SFWB8-15-2 200ul acid
Date/Time: 4/12/2016 4:00:11 PM (UTC-6) Sample Mass: 22.848 mg

End Date/Time: 4/12/2016 4:32:12 PM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0Omg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg

Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible

Crucible: DSC/TG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas>/---
DSC DSC Range: 5000 pVv

Remark: SFWB8-15-2 200ul acid acid only to see if 200 ul makes a difference

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Mass Change (TG) 43.67 % 0.0 min 13.1 min
Mass Change (TG) -20.61 % 13.1 min 32.0 min
Peak (DSC) 147.6 °C/0.6579 mW/mg 9.9 min 12.9 min
Onset (DSC) 38.8°C 0.0 min 7.3 min
Onset (DSC) 99.6 °C 7.4 min 8.6 min
Onset (DSC) 114.2°C 8.6 min 9.6 min
Onset (DSC) 119.1 °C 9.5 min 10.4 min
Area (DSC),0 15.98 Jig 8.0 min 9.1 min

Created with NETZSCH Proteus software
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lon Current *10-6 /A

TG /% DSC/(mW/mg) Temp. /°C
1+ SFWB8-15-2 200 uL acid 1e Y
] 147.6 °C, 0,6579 mWimg ’(@ . L9 5
100 j"l—"—‘..-\ TS — —l05 | - 350
1 T SFAES- 522030 551 iobtex i ! .
90 38.8°C N\ = 100 20 300
" ~ . ~Fisasisz :-:E.’i?;i:'_rra.oa imp Hy s
. - Tam.
: s ‘ i s'ams-'l*-I:fZ"c)df?n _miiSEimp r 250
80 1 -43.67 % s Corec =05 |
9 T o o w152 20 0dact_miSSTimp
- \ 161.8C ._.-' I Tirlo ! L 1 5 [
: L 2o WE-15 T;i%":;f _miB5Timp " 1 0 ® 200
70 i Ry ] B b s 52 2—3-T3;_u ac6_miTETimp =..
- 114.2 °C _."' s In:gﬁmu_ L i
= . 7 SfwbB-1 52 20 Julasy .23 Jmp -
b - g Tamo. -
s 99.6°C W \ ¥ . 115 (10 [130
1 - Temp. F L
1 15.987;g K- S i [
] - TR L 100
i i — . 13843182 2300 e it 31 -2 0
50 B i i — Sy, 5:1:11\:»&‘;3';;::::_!?47 e 20.61% |t I’ 05 i
i e . Temre. v S
i e S, loe: Currert L 50
(R SO - 25 |
40 : ~ | |
1 Y A ¥ 5% e S — _.__. i 0 5
L T T T T T T T y T T T  ; T T T - T ™ v T T T T 2 T T T v v v T T
_ Time /min
Main 2016-04-25 12:29 User: 113674 SFWBE-15-2 200ul acid ngb-taa
[#] Instrument File Date Identity Sample Mas... S.. Range Atmosphere Corr.
[1] STA 409PC/PG SFWB8-15-2 200ul acid.ngb-dsv =~ 2016-04-12 SFWE8-15-2 200ul acid SFWB8-15-2 200ul acid 22.848 1/1 30°C/10.0(K/min){350°C ARGON/50/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-2 200ul acid_m2.00.imp 2016-04-12 sfwb8-15-2200ulacid Mass 2.00 11 38°CH 2(Kfmin)/1°C -
[3] QMS 403 sfwb8-15-2 200ul acid_m11.98.imp 2016-04-12 sfbi 15-2200ulacid Mass 11.98 1/1 38°C/H .2(K/'min)/1°C -
[4] QIS 403 sfwb8-15-2 200ul acid_m13.97.imp 2016.04-12 shwb8-15-2 200ulacid  Kass 1597 171 38°Ci1.2(Kmin)1°C
[5] QMS 4023 sfwb8-15-2 200ul acid_m18.97.imp 2016-04-12 wa8-1 5-2200ulacid Mass 16.97 11 38°CH .2(Kimin)/1°C -
[6] QMS 403 sfwb8-15-2 200ul acid_m17 .97 imp 2016-04-12 sfwb8-15-2 200ul acid Mass 17.97 111 38°Ci1 2(Kimin)/1°C -
[7]QMS 403 sfwb8-15-2 200ul acid_m30.03.imp 2016-04-12 sfwb8-15-2200ulacid Mass 30.03 1/1 38°C/ 2(K/min)/1°C —
{B] QMS 403 sfwb8-15-2 200ul acid_m35.94.imp 2(}16-04-12 sfwb8-15- 2200u| acid Mass 3594 1/1 38°C/ .2(K/min)/1°C -
JNS 4 sfwb8-15-2 200u) acud_r¥3 91 ymp 2016-04-12 SwbB-15-2 20000 acid  Mass 43 01 1 38°C/1 2(Kimmin)i1°C -
[1 01 0MS403 sfwb8-15-2 200ul acid_m45 91.imp 2016—04-12 sfwb8-15-2200ul acid  Mass 4591 11 38°CH 2(K'min)/1°C -
[11] QIS 403 sfwb8-15-2 200ul acid_m47.91.imp 2018-04-12 sfwb8-15-2 200ul acid Mass 4791 141 38°Ci 2(K'min)/1°C

Created with NETZSCH Profeus soffware
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PMT2-MPR-DOP-015-

R3-FM1

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: 5%

\ S~ '

_ T)) Location:
Thermal Analysis Data Sheet

XlUse Every Time
DOP and DS Verification (Section 5.3)

G229

Parameter

Data

Units

Acceptance
Criteria

Performed By

Current DOP effective revision

RrM

Revision
number

DOP is latest
effective revision, as
verified on
Documentum

effective version.

Verify that DS is the current

( Yes}f No
(ciréle one)

N/A

Yes

AnJ
nitials

(D67
Z No.

G -i %16

M&TE (Sections 5.3 & 5.4)

Description

Cal. File No.

Cal. Exp. Date

Performed By

Carrier Type (circle one) : TG

Cal. File Name: LOT Pf Touup 022916 [ w27 0228/6

h)
[ \DSC

/A

ocfry 17

Temperature & Humidity Monitor

OYI1BR3

[O-15 -6

Calibrated Thermometer (for Water Chiller)

NJA

N /A

Wall Clock

oY ovgo

X-3-16

o/

Initials

H3e74
Z No.

<€-1Z-16
Date

Analysis Type: TG

DSC

other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Crucible Type: alumina TG beaker / alumina DSC pans / Pt DS@:} / other

Yes /No A/

Glovebox Conditions (Sections 5.3 & 5.4)

Description

Cal. File No.

Cal. Exp.
Date

Performed

By

Description

LANMAS / LAMCAS
Balance ID

B3C6

N/A

N/A

Date & Time Sample Vial
Opened

Date: OY {JL! | &
(mm/dd/yy)

(S50
{ 24 hour)

Time:

N/A

N/A

WA w
Initials

LAY
Z No.

L1216
Date

Glovebox Conditions

Seal %RH/Temp.: N / A

GB235%RH/Temp.: 0.6/ §e.4'

%RH/C®

i

%RH < 15,

Ly’

Initials

113677

Z No.

-12-i6
Date

Seal %RH
not >3%
more than
GB235
%RH

&=

Initials

12527
Z No.
"

te
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _SSwW®3B -13°Z 2a00mb ACTDH Location: _ (7-27.0
Sample Weights (Section 5.4)
Description Cal. File No. Ca;j':p' Performed By Description
gy
Mm!ddfyy Initials
s Date: ON "1 1%
Date & Tl.me Sample AL ) - 361y
Weighed ZNo.
24 hr.
Time:_13 1S L b Gl Iy 251 Y
Date
Crucible / Pan Tare Wt. : E@
O\ bL&¥6 N/A Initials Imirals
sy | 1S e
gm‘ns Z No. Z No.
Net Sample Weight ozY1-S >3g,<18g
O Y- t4 4&:{'0
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units AE‘;‘:::;“ P"';;‘“"’ Verified By
Sample Chamber Evacuated? YES ﬁzb
Evacuation / (circle one) :
Backfill NiA L
Backfill / Carrier Gas Type: Wt P A
Ormy
Gas Pressure Gas Pressure (at regulator): < i O psig <10 Initials Initials
Gas Flow 1: SO 2 Dﬁ 2y
LSS . -~
Gas & Flowmeter . RS = N/A Z No. %3 /
Readings Gas Flow 2; - >
. M-
Time gas flows turned on: _ (O Y { Date Dat
Baseline (used for | vz P 330C Base ling OSo0vlL. g -5V
thermal buoyancy Filename: N/A N/A
correction)
('N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015.R3 Quadrupole Mass Spectrometry
MATL NAME: 4 Y WO 1S-2 2 ovul Ac ol Location: U7 ©
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units A:;;I:::iiu Perf;;;med Verified By
Heating Rate: _ (O C°min| >5,<20
Maximum Temp.: 35S0 "¢ co <1500°C Dyww
(=1000°C for 3013 Packaging) Initials Unitials
T ratu o
it Date Started: {12 (& (34| WS
24 hour Z No. No.
Time Started: | & 5 ©Y . N/A Y-tZ-1b "‘7”{!0
) mm/dd/ o oy
yy
Total Analysis Time: 00 3¢
ThermoStar 2 o
Refer:nce Sample Temp. at Start: 3 7. B & N/A N/A
All D: red on: “TASS NMT-15 Powder
Characterization on Winnmi2”
Folder: WV P Initials
SEWAK 152 200k t.om'd.wjl,-chv |
Run Data Files | Netzsch Measure Filename: N/A N/A ! j}z(‘NZZ_
Q.
SSwW8E-1S-1 200, Lacd. MDC
ThermoStar Filename: {.{M
Date
Mass Changes:
1) "*l's.i.'?z,Temp. Range (A{- 1L1.5¢) Dy %
2) ~ £0.6l KTemp. Range (16 | . ¥ 5w°r., ) Taitiols o
Wt. %/ .
Proteus Data | 3 Temp. Range ( ) P Total <04 | 367y | WS
Z No. Z No.
4 _ Temp.Range(_ ) “-11-14 J[ﬂ&b
Date Date
Total mass Change: — ([ 1/, - % 70
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectromeiry

Page 57 of 63

MATL NAME: 55w 8%¥-15-L  Loowml ACL)

Location: (-220

Gas Data (Section 5.6
Parameter Data Units A:;:i::;;“ l’er{;;med Verified By
Volatile Species: ‘ YW/
Q Operator
1 QHZHEQ Peak T (_/DL.S ¢ )
2y & 'UE Peak T(_ [39.0 % ) Volatile
Theg“°sm Species/| N/A [1367Y
ata | 3 MOJAG Peak T (11%.4 1 5% 5C) oC ~ ZNo.
4) Peak T ( )
b-)r .
5) Peak T ( ) t é:;e {
Total Moisture = mg =
Wt % rolis (6. Tnitials Tnitials
" 2=y
Total Date of most recent calibration: /1] '3 fble" i
Moisture DN Wm w W% | <032
(H,0) % Error (RSD, 1s): Z No. Z No.
’4‘&)/ =100 x =
/ e o Date Date
Signatures
Parameter Data Units A:‘:c:il:::;ce Performed By
Operator
Operator — DS review N/A N/A LDZGI;IL
0.
M-l7-16
Date
AR
7 /S
§ 1501
Supervisor — DS Review N/A N/A o g o)
No.
L/ 24//&
Date
M
QR
Quality Representative — DS Review N/A N/A &%{;Ni)i{
Q.
25
Date
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63

015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all

entries are complete before approving.

Comments:
;J/A T A
D) NO (r{a. ELLE o €or e calibmcdodf 23 ._.n‘lpw,..j i
LU0 i wrann =303 ,wL't L T

ﬁ'j MND g (ivevans. } 1 =« 45
7 7 > (8 7 - ;
-“’ NON *3(’“1\. hay wan l'__-za.o oC anMPvf-

-4\) NO g 1t ceannend fem ¢ ng%!,g ) TMMM?’Q/" for Wwolsr
chaillar, e g =300 un
(3) AY's) N%i.{[f.{mn.)\j o Mo Mi-tawee QY\A_.OL? Ul cr o wmanditat
fer WIPPL. ¢
SSOM ol e M-I
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWBS8-15-2 PUAM1.ngb-dsv
Date/Time: 3/30/2016 3:03:47 PM (UTC-6)
End Date/Time: 3/30/2016 3:35:46 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-2 PUAM1 - first spiked run

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mimin predefined
Gas2: ARGON Flow: 30 ml/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min  pts/min  hh:mm

-~  Stand-by heating 300 20.0

- Stand-by isothermal 300 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

--- Final stand-by heating 300 40.0 00:08

—- Final stand-by isothermal  30.0 02:00

DSC DSC Range:

TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:

Reference Crucible Mass:

Material:

Sample determination mode:
Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

[ = = T SE e oy
[ = I S ey
[=R=l=j=f=l-]

255

5000 pv

30000 mg
SFWBB8-15-2 PUAM1
SFWB8-15-2 PUAM1
12.48 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software
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Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-2 PUAM1.ngb-dsv
3/30/2016 3:03:47 PM (UTC-6)
3/30/2016 3:35:46 PM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 pV

Remark: SFWEBB-15-2 PUAM1 - first spiked run

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 409°C 0.4 min 5.4 min
Onset (DSC) 733°C 5.5 min 7.0 min
Onset (DSC) 996 °C 7.7 min 8.2 min
Onset (DSC) 104.8 °C 8.1 min 8.7 min
Onset (DSC) 114.0°C 8.9 min 9.7 min
Onset (DSC) 153.0°C 12.1 min 20.1 min
Peak (DSC) 136.8 °C/1.108 mW/mg 9.1 min 12.3 min
End (DSC) 1M1.0°C 8.3 min 8.9 min
Area (DSC),0 38.24 Jig 7.4 min 8.8 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

256

30000 mg
SFWB8-15-2 PUAM1
SFWBB8-15-2 PUAM1
12.48 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0 mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/---

Created with NETZSCH Proteus software



lon Current *10-6 /A

TG /% DSC /(mW/mg) Temp. /°C
| SFWBS8-15-2200 uL PuAm spke A o 15004 1 108 mWimg 1 exg | -1.2
Thes T ;
100 : aa P . 117.2C e — ~1.0 - 350
] ~N @nset: 153.0 °C —N I 10
90 AN et e 0.5 300
. e e ! |
] 0 t 40.9 °C Lot prwassass :.-i‘-rnl_!n:.ocno
80 3 o i __-"‘-‘ [:]n—x-n&?a:;:mr?:;a:am i 00 i 08 [ 250
: -47.85 % e L _
: mc ik % Tae (2] swadas2 ’“1::-':,“: m |
70 N art T [5]5-,\.:.5_15—?51{;::;?\:1!597"9 B -0'5 - 200
7 o Ll [als'wa!—ﬁ—z?-‘ugzug.:‘r;ﬁs?.m [ i 06
y | & wer F]ﬂo&—lﬂmplca:?:‘.‘:m.uérzp 2 -1 ‘0 1 50
] T ! i
60 ': Onset: 73.3 °C v )] waa—rx?"n%:;;metm 5 0 4
- il ~=1. -
1 Onset: 104.8 °C 5 g I - 100
2 [19]57¥04-15-2 Buam1_me5 31 ina i
90 1 oOnset: 995 °C h.i o e L 90 _
. = \ [11]5™08-15-2 Duam 1_meT 3113 s s 0 2
] Area:38.24Jig ..~ — “— oo £ .
3 = A - 50
40 4 “End 9i%0 '-'e! -25 |
| = ML ~sS !
e e ————— . » 0 L O
_ Time /min
Main  2016-04-25 11:58  User: 113674 SFWB8-15-2 PUAM?! ngb-taa
[#] Instrument File Date Identity Sample Mass/... Segme... Range Atmosphere Corr.
[1] STA 409PC/PG SFWBB8-15-2 PUAM1.ngb-dsv 2016-03-30 SFWBB-15-2 PUAM1 SFWBE-15-2 PUAM1 12.48 11 30°C/1 0.0(K/min 350°C ARGON/S0/ ARGON/30 / <no gas>/— DSC:020, TG:020
4 b -2 puam? .00.imp -03- -1 puam ass 2. / fmin -
[2] QMS 403 sfwb8-15-2 p _m2.00.i 2016-03-30 sfwbB-15-2 1 M 2.00 1M 41°C/1 3(Kfmin)/1°C
[3] QMS 403 sfwb8-15-2 puami_m11.98.imp 2016-03-30 sfwb8-15-2 puam1 Mass 1188 1 41°C/M1 3(K/min)/1°C -
[4]1 QIS 402 sfwb8-15-2 puam1_m15.97.imp 2018.03-30 sfiwbB-15-2 puami Mazss 1397 11 41°CA 3K min)1°C
[5] QMS 403 sfwb8-15-2 puam1_mi16.97.imp 2016-03-30 sfwbB-15-2 puami Mass 1697 . i1 41°CA 3(K/min)/1°C —-
[6] QMS 403 sfwb8-15-2 puami_m17 87.imp 2016-03-30 sfwb8-15-2 puam1 Mass 17.97 171 41°CH1 3(K'min)/1°C
[7] QMS 403 sfwb8-15-2 puam1_m30.03.imp 2016-03-30 sfwb8-15-2 puam1 Mass 30.03 i1 41°CN 3A(K/min)/1°C —
8] QMS 403 sfwh8-15-2 puam1_m35.94.imp 2016-03-30 sfwb8-15-2 puam1 Mass 35.84 i 41°CH 3(Kmin)/1°C —
[ =
[10]QMS 403 sfwb8-15-2 puam1;m45.91.imp 2018-03-30 sfwb8-15-2 puam1 Mass 4591 " 41°CAH 3(K'min)/1°C -
[11] QM S 403 sfwb8-15-2 puami_md47.91.imp 2016-03-30 sfwb8-15-2 puam1 Mass 4791 141 41°CH1 3{K'min)/1°C —_—

Created wifh NETZSCH Profeus soffware
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PMT2-MPR-DOP-015-

Thermal Analysis with Off-Gas Analysis

R3-FM1 by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: _SYXQR%-(5-7 Py Awm | Location: _( 210
Thermal Analysis Data Sheet
XlUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Ag:i'::::“ Performed By
) e DOP is latest
Current DOP effective revision R-{' l Bevislon emcnve. revision,as | { [" itial
number verified on nitials
Documentum
i Y
Z No.
Verify that DS is the current m /No N/A ”
effective version. {e one) g ﬂé
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG I"(DS(D
e " 228/ %
Cal. File Name: {, yTo ¢ Tewtp 022416/ WEPP 022676 /4 02/28/17 fitels
Temperature & Humidity Monitor ' OY) ¥y [Q-28 1§ (3¢
Calibrated Thermometer (for Water Chiller) NIA N /A £
5-30¢
Wall Clock O Oy kO %3 16 —ﬁ?—{

-,
Analysis Type: TG / DSC)/ other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at EZﬂ°C!minute):

- 3 -\
Crucible Type: alumina TG beaker / alumina DSC psnsf_/} Pt DSC‘D@ / other

Yes / No }u‘l/kl

Glovebox Conditions (Sections 5.3 & 5.4)

Description Cal. File No. CalI)..I:‘.:‘.p. Perf;;med Description
LANMAS / LAMCAS -
W
Balance ID B 566 e e Initials
) ) Date:  ©3/30// & %‘y—
Date & Té)me Sa:imple Vial (mm /dd7yy) N/ Nk :
pene ;
Time: I(‘f (5 35006
( 24 hour) Date
%RH <15, D/ W EQ
. Initials Initials
Seal %RH/Temp.: M LF: Seal %RH
Glovebox Conditions %RH/C® | not>3% | /3674 | 120527
more than Z No. Z No.
GB235
GB235%RH/Temp.: O &/56.3%] %RH | 3:30/f Lﬁm
ate
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

MATL NAME: SX 0g% -(5-2 PUAM | Location: _ (G270
Sample Weights (Section 5.4)
Description Cal. File No. C‘I')':f:p' Performed By Descriotion
Mnvddlyy Initials
: Date: _©O D -50- L §
Date & Tl_me Sample - S T v
Welghed 7 No.
D) 113674 380016 24 hr.
Time: 1353 1S 00 33046
Date
Crucible / Pan Tare Wt. : o
Q16790 N/A Initials Tnitials
N3y | 12052
grams Z No. Z No.
Net Sample Weight Lo >3g,<I8g
0.012yg _re
Date Dat
Instrument Setup (Section 5.4)
Parameter Data aite: | Acceetanes | Fecormed | o0
! Criteria By crie
Sample Chamber Evacuated? YES /@
Evacuation / (circle one) .
Backfill ] N/A b
Backfill / Carrier Gas Type: WHP A —
Dmw |\ g2
Gas Pressure Gas Pressure (at regulator): < ) psig <10 Initials S
f s
Gas Flow 1: __ 20
1267 (2052
Gas & Flowmeter 30 — -— Z No. o
Readings Gas Flow 2: ‘ '
3-30-16 ; [ 3 !
Time gas flows turned on: _| Y = 47 Date S ®
Baseline (used for WIPP 1500 Rayeline D10¥ 16, nq h-Hyv
thermal buoyancy Filename: N/A N/A
correction)
{*N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
I3RS Quadrupole Mass Spectrometry
yaw 3L 33016
MATL NAME: _<§wW&X-i5°2 Py A | Location: 44 G770
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units Ag:i‘:::;“ P“';;"“" Verified By
Heating Rate: |‘ 0 C°/min| =5,<20
Maximum Temp.: 530‘:‘_‘ co <1500°C w
(=1000°C for 3013 Packaging) Initials Initials
Ter;f:g:"re Date Started: _03-30-i & ey (oS
24 hour Z No. Z No.
Time Started: _ 1S , OY y N/A 3- 50 b P,
‘ mm/dd/ Date Date
yy
Total Analysis Time: _ OO 52
T;:;::::::r Sample Temp. at Start: A © | ce N/A N/A
All Data sto i -1 W
Folder: M—
WwT P p Initials
Run Data Files | Netzsch Measure Filename: N/A N/A > J
Q.
SFWSE-(SZ PuAml. nbdsv
ThermoStar Filename: ‘WB?T'C
e
SEWRE-IS-7 Pubpl. MmDC
Mass Changes:
1) 47D Temp. Range (RT - 1s>;_0";) 0 \&
._( Y ey Initials Initials
2)—(¥. 27 Temp. Range (I$4.0-335¢C)
Wt. %/
Proteus Data - Total < 0.4 (13677 | (ST
_— . « ) t
3) Temp. Range (€] N T
4) _ Temp. Range ( ) "530(( }gﬂ&
/) Date Date
Total Ch H
0tal mass ange _ 6(}‘ 124 ©

Notes:
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: S€W @& ¥ - (8- - PuAmi | Location: (~220
Gas Data (Section 5.
Parameter Data Units “g:i':::l‘:" P"r;;““d Verified By
ti ies:
_ Operat
) Bofout PeakT(|] T 2C ) PR
o .
ThermoStar | 2 (92 Peak T(U21.2,2%6.7 &) ;’;ﬁ:g A P ,
Data 3) &LQ?[M)E Peak'rd_‘[:z{{;u (,Zlg&)/msf 2% G - ZNo.
_ Peak T( )
3 -3/
5) _ PeakT(____ ) ij /4
| Moisture = mg
W o387 %3 Tnitials Tnitials
Total | Dateof i ti . 0y J1567Y
Moisture — W Wt.% | <032
(H:0) |% ?U 58, 1s): Aoz ZNo ZNo.
/ T— =100 il
Std. Error Slope et Bree
Signatures
Parameter Data Units Ag'.pt'.n S Performed By
riteria
Operator
Operator — DS review N/A N/A 367y
Z No.
$:%e (6
Date
2z
-~
Supervisor
Supervisor — DS Review N/A N/A 09 Jg_g_/ﬁ
Z No.
4 {?é//
Date
W
QR
Quality Representative — DS Review N/A N/A IHq¥ 74
Z No.
Hlzs /€
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
Al ’/A Sl Mo

h (al CJIP '& rof r“QQ ln‘l'-c/ é‘/ L“’-{Zf'(_ﬂjf )t‘zx’{f_ﬁf (JDLIFJ’NI:D#

M/‘ Fevvg . not f‘t’fi .rH I‘Qﬂ £or WLPP amﬁl St (W‘-ff/l-/l ,/‘.I-T_/]
\< ’ﬂaum@ r‘fnpf’r \.‘)'f'f‘*«:a . u"b‘f‘,:-. //UU( FD( li.yf)f

5
[.?< A}) rj/ﬂ K—H /T-L'Vl\ T‘Q&iu I\{Q’ ‘F-J/‘ f,‘JI I'JJ gﬂ/‘\f?}x]
Y MNMae)fwe Lml'cm/r SN2 T uewu.w/ emf /\4.01; nuu/ (er (\}Ii)ﬂ

SoMum) 11367Y - '2/,9'//(,
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWBB-15-2 PuAm 2.ngb-dsv
Date/Time: 4/8/2016 9:40:42 AM (UTC-6)
End Date/Time: 4/8/2016 10:12:44 AM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMwW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-2 PuAm 2 second attempt spiked run

Furnace: STD SiC(PC)
Sample carrier: DSC{/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mi/min predefined
Gas2: ARGON Flow: 30 ml/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min pts/min  hh:mm

- Stand-by heating 300 200

-- Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

—- Emergency 370.0

- Final stand-by heating 300 400 00:08

- Final stand-by isothermal  30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

o T o TS QP NS §
D0 = =k b -k
coococoo

263

5000
3000

nv
0 mg

SFWB8-15-2 PuAm 2
SFWBB8-15-2 PuAm 2
22.504 mg

DSC/TG pan Pt-Rh

0mg

empty

0mg
0 mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus software



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWB8-15-2 PuAm 2.ngb-dsv
4/8/2016 9:40:42 AM (UTC-6)
4/8/2016 10:12:44 AM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 pVv

Remark: SFWBB-15-2 PuAm 2 second attempt spiked run

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Resuit Range (min) Range (max)
Onset (DSC) 37.0°C 0.0 min 4.4 min
Onset (DSC) 102.0°C 7.9 min 8.3 min
Onset (DSC) 94.8 °C 7.2 min 7.7 min
End (DSC) 110.2°C 8.3 min 8.8 min
Area (DSC),0 6.185 J/g 7.9 min 8.8 min
Peak (DSC) 141.1 °C/0.5028 mW/mg 10.3 min 12.0 min
Onset (DSC) 115.2°C 9.0 min 9.4 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

264

30000 mg
SFWB8-15-2 PuAm 2
SFWBB8-15-2 PuAm 2
22.504 mg

DSCITG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/--

Created with NETZSCH Proteus software



lon Current *10-6 /A

TG /% DSC /((mW/mg) Temp. /°C
1 SFWBB8-15-2 200 uL PuAm spike B T ex& d h
100 7 141.1 °C. 0.5028 mW/mg < F £ 1.8 b 350
= p— - | -
' e——r 1253C e ¥ 05 1 6
: \ [} SFWRE-1 52 Puas z;!;&;s;- [ 1 .
90 ] Onset: 37.0 °C ey e _-.0 0 L1 4 ; 300
H N Jah psinz pu%;n{_m::}l'rrp T I ’ E
=mo L L
i i ; shul 1'W:§iﬂeﬂn—.11i§m X ™
80 - -45.56 % SR~ S - 12 250
- 163.1C iﬂisfn-b&-iinu_?:rzsm'.E-iTﬂp ‘ —05 -
70 -' fi E ﬁﬁ&iﬂ'b&15~'§:%§;fm1657 mp i 1 _0 : 200
lon Currzrt L P
1 = B =fnE-15-2 pramZ_mi7 37 iep i
o O 0 _1 0 - 0 8 [
[T} 2%bE~1 B2 peam Z_m22.23. mp = 1
60 Onset: 94.8 °C IoﬁchrI:x - 150
] 25wbE-1 52 peams_maisd mp
e Tame -
] . E— “".c:“f --1.5 06 I 100
1 ° E ’ S — '161-.5:'::! &
50 Oreet R L : S~ R 04 |
g . - RS iRT pama mATE = 0 L i
] Area:s854g .- \ e 2090 %48 -2 0 50
40 4 ez oasc AP0\ e . 02 |
{ End: 1102°C" "~ L5 v 5 e —— [ [
: —  —————— ——— = e == — e —maaa = s | _2-5 B 0 : 0
: Onset: 115.2°C 3 !
s, 1 N — pp—g—_ S e —— . :
_ Time /min
Main  2016-04-25 12:16  User: 113674 SFWBS-15-2 PuAm 2.ngb-taa
[#] Instrument File Date Id entity Sample Segm... Range Atmosphere Corr.
[1]1 STA 409PC/PG SFWB8-15-2 PuAm 2.ngb-dsv  2016-04-08 SFWBB8-15-2 PuAm 2 SFWB8-15-2 PuAm2 22504 1)1 30°C/M0.0(K/min)/350°C ARGON/50/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-2 puam 2_m2.00.imp 2016-04-08 sfwb8-15-2puam2 Mass 2.00 111 35°CH1.0(K'min)/1°C -
[3]QMS 403 sfwb8-15-2 puam 2_m11.98.imp 2016-04-08 sfwb8-15-2puam2 Mass 11.98 171 35°CN .0(K/min)/1°C -
[4] QIS 403 sfwb8-15-2 puam 2_m15.87.imp 2016-04-08 sfwb8-13-2puam2 Iass 13.97 171 35°C.0(K'min) 1°C -
[5] QMS 403 stwb8-15-2 puam 2_m16.97.imp 2016-04-08 sfwb8-15-2puam2 Mass 15.97 1 25°CH O(K/min)/1°C —_
[6] QMS 403 sfwb8-15-2 puam 2_m17.97.imp 2016-04-08 sfwb8-15-2puam2 Mass 17.97 11 35°CA .0(Kimin)/1°C -
[71QMS 403 sfwb8-15-2 puam 2_m320.02.imp 2016-04-08 sfwb8-15-2puam2 Mass 30.03 171 35°C/1 .0(Kfmin)1°C -
[8] QMS 403 sfwb8-15-2 puam 2_m35.94.imp 2016-04-08 sfwh8-15-2puam2 Mass 35.94 11 356°C/1.0(K/min)/1°C —
9] OMS 403 stwb8-15-2 puam 2_m43 81imp 2016-04.08 siwbB-15.2 puam2 Mass 43 91 11 ST QKm0
[10)QMS 403 sfwb8-15-2 puam 2_m4591.imp 2016-04-08 sfwb8-15-2puam2 Mass 45.91 " 35°CA O(K/min)/1°C -
[11] QMS 403 sfwb8-15-2 puam 2_md7 91.imp 2016-04-08 sfwb8-15-2puam?2 Mass 47 9N 11 35°CN.0(Kmin)/1°C -
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PMT2-MPR-DOP-015-

Thermal Analysis with Off-Gas Analysis

R3-FMI1 by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: SSW8% - (S-2 Pupm Location: __ (»12.0
Thermal Analysis Data Sheet
XlUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Ag:il:;:“ Performed By
DOP is latest
; 2 Revision ffecti ision,
Current DOP effective revision RL[ " y ec‘::;r:z :':‘:ﬂ ay Thitials
Documentum
1 3679
Z No.
Verify that DS is the current Yes) No _
effective version. ;;;fe one) L ves Y-k 6
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
AN
Carrier Type (circle one) : TG r@ / /
‘ oL{2¥/! it
Cal. File Name:{ ) L7 Te v o 0L L PP Ol M/ﬁ BEE -
Temperature & Humidity Monitor (v-q'o( Y X e 1o- 13- L T ]t_{
Calibrated Thermometer (for Water Chiller) N/ A ~N/A "
Gy-%-
Wall Clock . O Y oYy x0 < 5-16 Date
Analysis Type: TG LDS:C'J) other
Crucible Type: alumina TG beaker / alumina DSC pans (Pt Ds(@s / other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes / No AJ/A
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. Ca[i’.:t‘,:p. Perf;;med Description
LANMAS / LAMCAS w)
5 N/A N/A
Balance ID B s¢ & Initials
. y Date: DQIO‘E(/H:- %%ji
Date & Time Sample Vial (mm7dd7yy) NIk NiA 0,
Opened
Time:___ 1. 5% -%-16
(24 hour) Date
%RH < 15, =z
Initials Initials
Seal %RH/Temp.: N /A Seal %RH
Glovebox Conditions %RH/C® | not>3% | 113674 | 1 22%27
more than Z No. Z No.
GB235 J
GB235%RH/Temp.: 0,6 7, Z 2N %RH .
ate 4
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-

015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

MATL NAME: S§WO¥X-15-L Yu AmZ

Location: C;?J’_ )

Sample Weights (Section 5.4)

Description Cal File No. Cn:).::.:p. Performed By Description
Prvso
/ Mm/ddlyy Initials
. Date: 4 [9[IL
Date&Tl-me Sample — ~ - Tatw?
Weighed 7 No.
24 hr.
Time:  9.736 H;%_lb_
Date
b
Crucible / Pan Tare Wt. ~ M @
O . i 6 \ S 7 N/A Initials Initials
13624 | 1S
Net Sample Weight D.072260 >3g,<18¢g e J{ [
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units AZ’,‘,-':,“:;“ P‘";;'““’ Verified By
Sample Chamber Evacuated? YES/NO
Evacuation / (circle one) .
Backfill - ek A&
Backfill / Carrier Gas Type: WH f A~
Gas Pressure Gas Pressure (at regulator): <\ O psig <10 i“i‘i*’h ~Initials
GasFlow1: _ 20
o I5CH | 125527
Gas & Flowmeter 20 ; ; Z No. N,
Readings Gas Flow 2: nh:mm N/A :
Yo% 16
Time gas flows turned on: :‘l L) Date d v
Baseline (used for | WE PP 350C Boseline 630%1 6. ngh-bs|
thermal buoyancy Filename: N/A N/A
correction)
(‘N/A' if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: __ SYWB%-15-2 Py Aml Location: ___ G110
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Guitg | Aceptamee | Rerformed | oo ined By
Criteria By
Heating Rate: v&_ C°min| >5,<20
y e (&)
Maximum Temp.: 55(} G co <1500°C WY
(=1000°C for 3013 Packaging) Initials Initials
Temperature -
Date Started: 04 /0%/ 1 11367y | (208527
Frobls | 24 hour ZNo, ZNo,
Time Started: __Q ', ¢() 7 N/A Y-Y ¢ 44.4[1
e e mm/dd/ e =
o yy
Total Analysis Time: OO 5L
ThermoStar =
Refaréice Sample Temp. at Start: 3 5. > Cc N/A N/A
1l Data store Bt T-15 Powder
haracterization on Winnmi2"
Folder: WT P P Initials
Run Data Files | Netzsch Measure Filename: N/A N/A I —52 l;?‘{
0.
SWBRISL PuAml ngb-dsv
ThermoStar Filename: %&
SFWBE-1S-T Pu AmT-MDC
Mass Changes:
-4s. g - 5,1 o
1) "13:56 Temp. Range (_[XT- | 63.1¢) Y -
2) L0, 39 Temp. Range (162 .] ~ 'SSdn!_) ity Sntiely
Wt. %/ 4
Proteus Data 3) Temp. Range ( ) oC Total < 0.4 18! 7y .Lhﬂ
—— Z No, Z No.
4) Temp.Range( ) Y-y- 16 \\‘Z %{b
Date Da
Total mass Change:
e . SRS
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
_Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: _SEwW R 5-18-L A AmT Location: & 220
Gas Data (Section 5.6
Parameter Data Units Ag:iz:;“ P"';;'“"' Verified By
Volatile Species: M)
Operator
1) !}-!U{m{ Peak T(_)1.5.% )
ThermoStar | 2 (VP Peak T(1%).¥ ‘LI-J?OL) Volatile
Species / N/A Y
Data oy G ; 99 | as o
3) ,\_}\)[M.}‘ PeakT(;;.°|!IOH.u!aIISfISLZ/QLS‘L C .+ ZNo.
4) Peak T ( )
5) Peak T ( ) Lﬁﬁ%}&
e - / /
Wt% 42? Initials Initials
Total ate of most rec libration: _ / / /b' il
Moisture ,3)@'? Wt.% | <032
(H,0) | %Emor (RSD, ls): / ZNo. ZNo.
[
" / Std. Error Slope Date Date
e
Signatures
Parameter Data Units A:;:il:::illa Performed By
Operator
Operator — DS review N/A N/A 1.
Z No.
o-¥X-ib
Date
—/
g S;pe/rvisor
Supervisor — DS Review N/A N/A ( “Nl’ La
0. ,
Y/ 24//6
Date
(4 1k M
QR
Quality Representative — DS Review N/A N/A IH LT
Z No.
4&9’([ {
Date
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by
015,R3 Quadrupole Mass Spectrometry

Page 58 of 63

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all

entries are complete before approving.

Comments:

N/ﬂ UMM AR,

e L2 oot Iy s cul, 5l 3E

; Lo
?.\ L\)n\_fvuuupr *\'e_-wﬁ; Tt rm .rtu{ = C_\z_.lg:!:m‘l‘lcﬂ'} ‘HWPWF‘}'&/ ST 1es b M"'\/
Yo von JOID - %V\-;ﬂij Caw J>e Jvajé-to( 9)' & w—; ’f!(‘t-l-w-‘ rc,‘f\f‘é' J./L,g‘]]

=~ hn'} n‘ouaﬂ: 0/

‘e, |
=

‘(‘ﬁ'_"uhv-“'w{ 4o be  1100%

“') "T;u( s 13 M -I'W\.o/ )“pH o{ﬂ)(a | rf?%“ngd
ﬁ-) For TP lhd ?\J\n 140 Fon pat rt‘.'_?mrep/

W W37y g e
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Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWBB8-15-2 PuAm 3.ngb-dsv
4/8/2016 3:33:26 PM (UTC-6)
4/8/2016 4:05:26 PM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 pV

Remark: SFWBB8-15-2 PuAm 3 - 3rd spiked run

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 388°C 0.0 min 5.5 min
Onset (DSC) 95.0°C 7.2 min 8.2 min
End (DSC) 103.9°C 7.2 min 8.2 min
Area (DSC),0 7.831 Jig 7.4 min 8.2 min
Peak (DSC) 137.2 °C/0.8207 mW/mg B.7 min 11.9 min
Onset (DSC) 1M11.2°C 8.6 min 9.8 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:

271

30000 mg
SFWB8-15-2 PuAm 3
SFWB8-15-2 PuAm 3
10.652 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0 mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas=>/-—-

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-2 PuAm 3.ngb-dsv
Date/Time: 4/8/2016 3:33:26 PM (UTC-6)
End Date/Time: 4/8/2016 4:05:26 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-2 PuAm 3 - 3rd spiked run

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mlU/min predefined
Gas2: ARGON Flow: 30 mi/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min  pts/min  hh:mm

- Stand-by heating 30.0 20.0

- Stand-by iscthermal 300 00:05

1 Dynamic 350.0 100  100.00 00:32

—-  Emergency 370.0

- Final stand-by heating 30.0 400 00:08

- Final stand-by isothermal  30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC: S
Sample TC: S

STC G1 G2 G3

OO0 ek ek ak b
OO0 «h «d =k b
(=Rl
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5000 pv

30000 mg
SFWB8-15-2 PuAm 3
SFWBB8-15-2 PuAm 3
10.652 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software



TG /%

SFWB8-15-2 200 uL PuAm spike C

100

90

el B N RCT WO  YNOYUOOY U SNV A W

s

137.2 °C, 0.8207 mWimg

H
H\

~

1154C

N\

lon Current *10-7 /A
DSC/(mW/mg) Temp./°C

Texgr1.5 r
g | - 350

6.0 |
- 300

——— [ 10
=05

- )
{7} SFWEE-13-2 Pufrs 3.gb-dev
—_— TG

LEC

— i
L L Tarp
« T2l 5fwbB-i5-Z puam. 3_mZ20 imp
. Wia T

5.0

- =0
oWy Ios Sarr i
80 Onset: 38.8 °C e {3 stwbEaz pua:rri.’?':mnganp L 00 o 250
- r ‘42. 40 0/0 =" = lon Currant ” 1
\ 154.4C (4] 2iwbE-152 pesm 3 missTimp 3 - 40
nd: 103.9 °C 2 or Cimrag ¥ [
70 E 0 =L [bjssms-:ﬁ-fz p:am?_tmié.‘ﬁjrr.p -05 - 200
. : lon Currsrt . - [
- [E} sfwbEis-2 peam 3_miT5Timp g
¥ = - _Elfr,CT:ra-a _ ™ —1 0 L 30
60 . m?ra'b&:.—:?%;lrﬂaﬂhmp I | - 1 50
_ NI = 15 |
1 Onset: 95.0 °C e Y [E-I:-En'hs-i&l?p%m;‘jmﬂ&ijmp L L 20 N 100
50 - =~ -~ T w.!;:"’;% P [
: b - 2 ;Te(-w-' o 2403% |20 |
4 Area: 7.831 Jlg + = Y [n]sfwba::»oznpu‘;:;_mﬂ_sajmp - 1 O
] e - - Tars: - - 50
A0 =oesmmantil /: T Hr-2.9
} __._-m! 3 122.95 3 :n-n‘. “““““““ Pl 1 O AR - = f"' L
9 — = ~J— = — — — == - -
30 - Onset: 1112°C -30 [0 0
—_—— — —_— - v - . v - — —_— + . T -
_ Time /min
Main  2016-04-25 12:43  User: 113674 SFWBB-15-2 PuAm 3.ngb-aa
[#] Instrument File Date Id entity Sample Mass/... Segm... Range Atmosphere Corr.
[1] STA 409PC/PG SFWB8-15-2 PuAm 3.ngb-dsv 2016-04-08 SFWB8-15-2 PuAm 3 SFWBB-15-2 PuAm3 106852 1/1 30°CNM0.0(K/min)/350°C ARGON/50 / ARGON/30 / <no gas>/-— DSC:020, TG:020
[2] QMS 403 sfwb8-15-2 puam 3_m2.00.imp 2018-04-08 sfwb8-15-2puam3 Mass 2.00 n 39°CH 2(K'min)/1°C -
[31 QMS 403 sfwb8-15-2 puam 3_m11.98.imp 2016-04-08 sfwbB-15-2puam3 Mass 11.98 i 39°C/M 2(K/min)/1°C -
[4]QlIS 403 sfwp8-15-2 puam 3_m158.97.imp 2015-04-08 sfwbB-15-2puam3 [liass 15.87 11 39°CA . 2(Kmin) 1°C
[5] QMS 403 sfwb8-15-2 puam 3_m16.97.imp 2016-04-08 sfwbB-15-2puam3  Mass 16.97 i 39°CA1 .2(K/'min)/1°C —
[B] QMS 403 sfwb8-15-2 puam 3_m17.97.mp 2016-04-08 sfwb8-15-2puam3 Mass 17.97 LA 39°CA 2(K'min)/1°C -
[7T1QMS 403 sfwb8-15-2 puam 3_m30.03.imp 2016-04-08 sfwbB-15-2puam 3 Mass 30.03 1" 39°CH1 2(K/min)/1°C -
8] GME 403 stwitd.15.2 puam 3_m2E 94 o 201€-04-08 stwdg.15-2 puam 2 Mass 3594 14 39°C 21Kmin it FC
9] QME 403 stwb8-15-2 puam 3_m4d3 81 mp 2016-04-08 sfwb8-15-2 puam 3 Mass 4391 39°CH 2{Krmin) 17 C
[10]QM S 403 sfwb8-15-2 puam 3_m45.91.imp 2016-04-08 sfwb8-15-2puam3 Mass 4591 1 39°C/1 2(K/min)/1°C -
[11) QM S 403 sfwh8-15-2 puam 3_m47 91.imp 2016-04-08 sfwb8-15-2puam3 Mass 47.91 11 39°CA 2(Kmin)1°C e
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PMT2-MPR-DOP-015-

Thermal Analysis with Off-Gas Analysis

R3-FMI by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: S W3 % - (S-7.-PUAMA Location: (5720
Thermal Analysis Data Sheet
Nuse Every Time
DOP and DS Verification (Section 5.3)
; Acceptance
Parameter Data Units Criteria Performed By
DOP is latest
c DOP effecti v QL ( Revision | effective revision, as QIM!J_
urrent effective revision e verified on Initials
Documentum
\ I3 G !‘_ b |
= Z No.
Verify that PS is th.e current NA Vi o
effective version. (circle one) QL-¥-il
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
=) ;
Carrier Type (circle one) : TG | “DSC N /A ) Pryvaw
_ / oL ¥ / I Initials
Cal. File Name: [V Tom g oizal 19 .\31.,— is ".j WIPPULLTG ngh. eiv
Temperature & Humidity Monitor ' LYY ¥X¥Y VO <Y -6 N6
Calibrated Thermometer (for Water Chiller) A (¥ /' A “re
Wall Clock 04 DY g o e -l & %-Da;u,

Analysis Type: TG /DSC)/ other

Crucible Type: alumina TG beaker / alumina DSC pans / :ﬁ@ / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

— —

Yes / No U/n

Glovebox Conditions (Sections 5.3 & 5.4)

Deseription Cal. File No. O s P"f;;'“"' Descigibia
LANMAS / LAMCAS £
N/A N/A
Balance 1D B 56 Initials
pate: O [ople 136y
Date & Té)n;nségnple Vial (mm/dd/yy) stk Wi Z No.
Time:__ /7:52 y-g-1<
( 24 hour) Date
%RH<15,| Djmw ‘¢2
Initials nitials
Seal %RH/Temp.: [J / A Seal %RH
Glovebox Conditions %RH/C® | not>3% | ID67y | 1 20SY]
more than Z No. Z No.
GB235
% 0 li 9" % S-g-l6 Mﬂz
GB235%RH/Temp.: (). [30.7 ¢ oRH o o
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _ S¥W38X-i5-2 PuAm?3 Location: G220
Sample Weights (Section 5.4)
Description Cal. File No. Cull).::.:p. Performed By Description
2w
: 4 Mm)’ddfyy Initials
Date & Time Sample Date: _O* f oz [16 i a (3674
Weighed Z No.
24 hr.
Time: [ 5" 3v M-8-1€
Date
Crucible / Pan Tare Wt. _ poww =
(J ) { 63_7 &7 N/A Initials Initials
67 | (LS
grarns Z No. Z No.
Net Sample Weight O.01%IS - >3g,<18¢g G !{ f
Date Date
Instrument Setup (Section 5.4)
" Acceptance Performed .
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES I(I:!B)
Evacuation / (circle one) .
Backfill N/A N/A
Backfill / Carrier Gas Type: vt @ ;f'lr"
Gas Pressure Gas Pressure (at regulator): <\ 0 psig <10 Initials %
. SO
Gas Flow 1: h}(,
T‘{{ L2527
Gas & Flowmeter - Yo alisiin N/A 0. 7 No.
Readings GasFlow2: 99 ’
- 81| gl ol
Time gas flows turned on: ] :LO Date o
Baseline (used for | (WT 72 350C Uoi‘-d:_m 030k 16, n31: Llos v
thermal buoyancy Filename: N/A N/A
correction)
(‘N/4" if no bugyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis b Page 56 of 63
'y L) 4 g
015,R3 Quadrupole Mass Spectrometry
MATL NAME: SYW3 & (S-L P Ard Location: G220
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units A:;:il::::e Peﬂ;;““ Verified By
Heating Rate: {O C°min| =25,<20
Maximum Temp.: ._33061' ce <1500°C | Ryum/
(=1000°C for 3013 Packaging) Initials Initials
Temperature
Date Started: O\ /0%’} S /13474 s
Profile — 24 hour ZNo. ' 'J‘gNo.
Time Started: __[4 5 O] - N/A Yo . 9 (16
| TETAR
Total Analysis Time: _ Q0 " SL
Th .
R:fTr::::I Sample Temp. at Start: i(; 5 ce N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnmt2” %
Folder: U\)F—‘: P G) " Initials
Run Data Files | Netzsch Measure Filename: N/A N/A %
o.
SEWBK-iS-T puAm3. ngb-dsv
ThermoStar Filename: "7"‘05‘
te
SE€WCE AS-Z FuAn 5 mbdC
Ma han
1) = %2.40 Temp. Range (- |S¥.Y() b | A
2)- L& .03 Temp. Range (54,4 -550°) fniials e
Wt. %/ -1
Proteus Data 3) Temp. Range ( ) °oC Total <0.4 1] ')z (;;-: y ' gdf A
4 _ Temp.Range(_ ) v-g-16 |
. Date Dat
Total mass Change:
-66.9D o
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: SEW 3%-(S-L 2w Am3 Location: (5 L7 O
Gas Data (Section 5.6
Parameter Data i |Pecepomee) Peclormud | oo Leiin
Criteria By
Volatile Species: W
y perator
D) A0/ Peak T(__ ST )
(3
2) (O, PeakTU27.6, L1940 Volatile
Theg“l"sm , iy S5 Species/| N/A 11362y
ata | 3y /AN, Peak T (009 (70329 °C T ZNo.
4) Peak T ( )
5) Peak T ( ) LL%*’—
Total Moisture = mg
Wt % ________._...----"""_imizais mit:t:’
...--"""-—-_
Total Date of most recent calibration: I =]
Moisture dd L [4 wWt% | <032
(H,0) % Error (R NE 6/? \-’f Z No. Z No.
/ o5 /M =100 +
,A = Dat Dat
N / Std. Error Slope < =
Signatures
Parameter Data Units Ag:if::;;“ Performed By
Operator
Operator — DS review N/A N/A UICTY
Z No.
L-X- 16
Date
g
_'g_gpenrisor
Supervisor — DS Review N/A N/A 27 -i’ i
Z No.
& - r
7 &w
&w &
QR
Quality Representative — DS Review N/A N/A ji%&?uf
0.
25711
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:

N ,/A S v g~y :
0) u.'a-erugjp) bated mnstramad oy na cal. 6l 7
"IS (el b. TDhtrmnvanofe- not 2y il - !\/a‘f‘tf‘f"W';F ity //4

hh cire ot

1) Se .._0 K”/‘Tc‘ma - ot £g ¢ nad Gir = 350T
V) f{.v‘tw ﬂ!‘t.(l‘f]{’ b o0 rat cold Gm NI R0/
é Ta*aﬂ V‘t’\mt-hrr LD §reanmgnl ot naammlg Eur i - ’tUl'!
? SIAAAY :/’4{.7(/#?/15
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWBB8-154A 031516.ngb-dsv
Date/Time: 3/15/2016 3:56:56 PM (UTC-6)
End Date/Time: 3/15/2016 4:28:57 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMwW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-4A FIRST RUN OF SURROGATE

Furnace: STD SiC(PC)

Sample carrier: DSC(TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mlmin predefined

Gas2: ARGON Flow: 30 mi/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pts/min  hh:mm

Stand-by heating 30.0 20.0

-~ Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

— Emergency 370.0

e Final stand-by heating 30.0 40.0 00:08

- Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

-

[ = I YR e
OO0 = & b -
cooooo

279

5000

pv

30000 mg
SFWBB8-15-4A
SFWBB8-15-4A
22.87 mg

DSC/TG pan Pt-Rh

WIPP surrogate
Manual
Not possible

Created with NETZSCH Froteus software



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:
Mode:

Measurement Type:

Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 408PC/PG
WIPP

SFWB8-15-4A 031516.ngb-dsv
3/15/2016 3:56:56 PM (UTC-6)
3/15/2016 4:28:57 PM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 uv

Remark: SFWB8-15-4A FIRST RUN OF SURROGATE

Segments: 1/1
Parameters

Onset (DSC)
Onset (DSC)
Onset (DSC)
End (DSC)

Area (DSC),0

: 30°C/10.0(K/min)/350°C
Result Range (min) Range (max)
1176 °C 9.0 min 12.1 min
39.1°C 1.1 min 5.6 min
83.3°C 6.4 min 7.6 min
107.8°C 7.8 min 8.8 min
36.45 Jig 6.4 min 8.5 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

280

30000 mg
SFWBB-15-4A
SFWBB-15-4A
22.87 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/—

Created with NETZSCH Proteus software



lon Current *10° /A

TG /% DSC /(mW/mg) Temp. /°C
] SFWB8-15-4 A - surrogate only - spuricus mass change data - foaming contacted furnace T %ﬁ( i s
1 10,2 min, 127.0 °C -
- CEEES G S NS cEEET - ~
100 - k 350
. r05 (30 |
] P i | ;
] Onset: 39.1 °C ’ g . [FISFWES-SS4A 026 bty 3 00 i 25
J ol osc 3 L
'1 00 b ] e b 12 Ab&-b—t‘-ﬂléa‘:- 2 20imp - 2 250
§ i o TP‘!F[ . [
: l ' "-,-"' [34=—ab5.=:4.§$;:§- M SEmp B '05 -' 20
_200 : | oy - i [4|=‘A-'b5-n':4c':cc-:;£§§ mIBETimp i : = 200
. S lon Curent
o 5ieiwb5-15-45 315716 _mi8.37im i
3 .o g F-10 F15
. 55 E 1516_m i P
-300 - it 147C e ::2’? o [ - 150
B - [Fisiuts-1542 0215:6_m3003imp 1 !
. i ar.p. i u
o ' [5;:1-51)&-&0631::: mas34imp L _1 '5 - 1 .O 100
1 ° Dl'!..l.al':rp [ "
_400 .: OHSEt 83‘3 141.2C , {9}5‘\%15‘4‘,0%:_; A4S imp L :
] Aresia6.45 e ; --2.0 L 05 |50
- | MR i ania Onset' 117_6 Q(: [H]:ih’."— ..—4’.02;5‘9 AT Shimp - :
900 1~z 1078‘0 R B e s I T PP i : [ :
] e——o—— — = 4 25 | 0 0
£ UL I S S S
| Time /min
Main  2016-04-21 11:01  User: 113674 SFWBE-15-4 A 031516 nogood.ngb-taa
[#] Instrument File Date Identity Sample Massimg Segment Range Atm osphere Corr.
[1] STA 409PC/PG SFWBBS8-15-4A 031516.ngb-dsv  2016-03-15 SFWBS-15-4A SFWB8-15-4A 2287 7 30°CMO.0(K/min)350°C ARGQON/50 /ARGON/30/ <no gas=/--- DSC:020, TG:020
[2] QMS 403 sfwb8-15-42 031516_m2.00.imp 2016-03-15 sfwb8-15-42031516 Mass 2.00 171 37°C/.1(Kiminy1°C —
[3] QMS 403 sfwb8-15-4a 031516_m11.88.imp 2016-03-15 sfwbB-154a 031516 Mass 11.98 " 37°CH.1(K/min){1°C e
[4] QLIS 403 stwb8-15-42 031518_m15.97.imp 2016-03-15 sfwb8-15-4a 0315318 Mass 1597 11 A7°CH N EKmMIN1°C
[5] QMS 402 sfwh8-15-42 031516_m16.97.imp 2016-03-15 sfwb8-15-4a3 031516 Mass 16.97 11 ATCHA(KImin)/1°C -
[6] QMS 403 sfwb8-15-4a031516_m17.97.imp 2016-03-15 sfwb8-15-4a031516 Mass 17.97 11 37°CH 1{(K/min)1°C -
[7]QMS 403 sfwb8-15-42 031516_m30.03.imp 2016-03-15 sfwb8-15-4a 031516 Mass 30.03 " 37°CHA(K/min)/1°C —
[8] QMS 403 sfwh8-15-4a 031516_m35.84.imp 2016-03-15 sfwh8-15-42 031516 Mass 3594 n 3?‘0!1 1(Kfmrn]f1 °C —
C_t'-"‘l- 4 sfwhB-15-43 0315186 -!-..--_.- mp 20180215 Fwh815.43 031516 klass 43 91 4 P as 1] -
[10] OMS-103 sfwb8-15-4a2 031516_m45.81.imp 2016-03-15 sfwbB-15-4a 031516 Mass 4591 1 37"0 1 1{'<;rn|n),f1°C -
[11] QWS 403 sfwb8-15-43 081516_m47 91.imp 2016-03-15 sfwb8-15-4a 031516 Mass 4791 11 A7rCH 1(Kminy1°C -

Created with NETZSCH Proteus software
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PMT2-MPR-DOP-015- Thermal Analysis with Off-Gas Analysis

R3-FMI1 by Quadrupole Mass Spectrometry Page 53 of 58
B R by
opww 1167
MATL NAME: WRY-(S-yA Location: (279
Thermal Analysis Data Sheet
Use Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A::c:il:::;: i Performed By
DOP is latest
. .. Revision ffecti ision,
Current DOP effective revision RYy aurnber : ec‘:::;::so:n i Initials
Documentum
165474
Z No.
Verify that DS is the current th /No N/A Yes
effective version. (Omrtle one) 3-15-16
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date . L Performed By
v L]
7% DY LRV kAl
Carrier Type (circle one) : TG/ SC 28
w N / A b 0.2'/}{ / / 7 Initials
Cal. File Name: WIPP TEMP 027%1 02296 .y !
Temperature & Humidity Monitor 0 :’Ad" OHeYY lo-2S5" lolL [13¢7¢
Calibrated Thermometer (for Water Chiller) N/A ) N /A 2
Wall Clock ovYoY¥o OX-03-20/b ot

Analysis Type: TG / @ / other

Crucible Type: alumina TG beaker / alumina DSC pans ns / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes/No A/4

Glovebox Conditions (Sections 5.3 & 5.4)

— Cal.E Performed
Description Cal. File No. 'Da ‘:p. L ;}_m' Description
LANMAS / LAMCAS
N/A N/A
Balance ID ‘P) ‘,) G 6 Initials
. . Date: V3/1S//% 567
Date & Time Sample Vial (mm/dd/yy) _— ik 0.
Opened
Time:__{S!4S 3-15-16
(24 hour) Date
%RH<15,| Dw | >
Initials Initials
Seal %RH/Temp.: N/A Seal %RH
Glovebox Conditions %RH/C° | not>3% | 1I362Y | 1077~
more than Z No. Z No.
GB235
GB235%RH/Temp.: ). b[jﬁ 1.6 %RH | 3 'a;:! b .%fnﬁt//&:
(] ale
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

Location: (3170

MATL NAME:_STWp%-1S-Y 4

Sample Weights (Section 5.4)

Description Cal. File No. C'DL'F‘::F" Performed By Description
Date & Time Sample Date:_3-|S-1b 136
- N/A 74
Weighed Z No.
24 hr.
Time:__|S1Y7 315206
Date
Crucible / Pan Tare Wt. i
O ’ } 6 6 9 3 N/A Initials Initials
(13624 | [02962
Z No. Z No.
grams
Net Sample Weight 07287 >3g, <I18¢g
3./5:/4 15/
Date Date
Instrument Setup (Section 5.4)
_ Acceptance Performed .
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES @
Evacuation / (circle one) .
Backfill N/A N/A
Backfill / Carrier Gas Type: UM P A
Gas Pressure Gas Pressure (at regulator): <)o psig <10 Initials _I?t:a]_s
Gas Flow 1: 50
3674 | )74
Gas & Flowmeter ) ,5 0 po— _— Z No. s
Readings Gas Flow 2: : :
- 34)3-06 /)
Time gas flows turned on: / S ) 5 Date 24)?4&
ale
Baseline (used for | (WTPR 3SOC BASELIWE OD0Y (4
thermal buoyancy Filename: N/A N/A
correction)
('N/A " if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FMI1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: S FN Rk-is-yA Location: G],?,O
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units A‘g:il:::;“ l’erf;;med Verified By
Heating Rate: | ( ) C°min| =>35,<20
Maximum Temp.: 350°C_ . . w N
(=1000°C for 3013 Packaging) c s 'p[niﬁajs \?“gﬂis
Telsf:;-;?;u © Date Started: % *13) 6 - 037y | lo79x
our Z No. Z No.
Time Started: | $15'7 " N/A 3050 | 2/ %‘Z}{;
- : ml‘;fyddf Date Date
Total Analysis Time: DL
ThermoStar ce N/A
Reference Sample Temp. at Start: j3f 2.0 N/A
All Data stored on: “TAS5 NMT-15 Powder
Characterization on Winnmt2”
Folder: (W) T PP ‘B[ém‘?tt%
Run Data Files | Netzsch Measure Filename: N/A N/A j[i%}?z
SFWB ¥-15-9A 031516 nyb-dslv
ThermoStar Filename: %
SSWRY -S4y A4 0315 /b, MDC
Mass Changes: }\/ / A
1) Temp. Range ( ) %\) N
2) Temp. Range ( ) Initials Initials
Wt. %/ . !
Proteus Data 3 Terp: Rangeil ) oC Total <0.4 “3&39 l G'Zi;z_fa-)‘
) Temp.Range () 345416 | 348/
Date Date
Total mass Change: M / A
Notes:

Run no jcgw( - Fpamfm raméﬂ/c. (wfac/u/

“15+/§
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: _STW{%-13-4 A Location: G270

Gas Data (Section 5.6

Parameter Data Units A:;:il:::;;“ Perf:;;med Verified By
? Operator

I)Hbu/uﬂpeakn (27.0 ()

2) peak T(__/¥2°C ) Volatile

Theg“"sw Wy ) Species/| N/A |
ata | 3 peak T( /Y. 2'%C ) °C "7 No|
4) Peak T ( )
4| 5.
5) Peak T ( ) b%
i - mg s

116 ] /;;t-i;’ Initials

Wt. % <032

Total
Moisture
(H20)

Z No. Z No.

/ — Std. Error Slope BuE L

Signatures

Acceptance

Criteria Performed By

Parameter Data Units

Operator

Operator — DS review N/A N/A
Z No.

24154 b

Date

~7
VS_upewifor
Supervisor — DS Review N/A N/A Q750 (v
Z No.
&/ 24 ./:q,
Date

Hw M

QR
IH9rL 14

No.
YER SIA

Date

Quality Representative — DS Review N/A N/A
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:

_D_CqLLlﬂ_Oscf._tiur_Glz_haitql
m@mmmu_aca

f'h‘\ LA

&n:m -
D) /13(7§/ 215 +)L
5 T 7 .

b)) (a0Vnded Yhormemster Go chilles ypedir wat mwww/)

Do) 13674 Y-2X-(E
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWE8-15-4B 031516.ngb-dsv
Date/Time: 3/16/2016 3:10:16 PM (UTC-6)
End Date/Time: 3/16/2016 3:42:17 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMwW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-4B 031616
Furnace: STD SiC(PC)

Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 ml/min predefined

Gas2: ARGON Flow: 30 mi/min predefined
Gas3: <nogas> Flow: predefined
Start criteria

Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Ki/min  pts/min  hh:mm

-~ Stand-by heating 30.0 200

—-  Stand-by isothermal 30.0 00:05

1 Dynamic 3500 10.0 100.00 00:32

Emergency 370.0

-~ Final stand-by heating 300 400 00:08

---  Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

[ = = [ Gr= e Gy
[ [ = T G Y
coococooco
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5000
3000

uv
0mg

SFWB8-15-4B 031616
SFWB8-15-4B 031616
12.37 mg

DSC/TG pan Pt-Rh

0mg

emply

0 mg
0 mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus software



Instrument:
Project:
Filename:
Date/Time:
End Date/Time:
Laboratory:
Operator:
Mode:

Measurement Type:

Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG
WIPP

SFWBB8-15-4B 031516.ngb-dsv
3/16/2016 3:10:16 PM (UTC-6)
3/16/2016 3:42:17 PM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv
WIPP 022916.ngb-esv
DSC/TG pan Pt-Rh

5000 pVv

Remark: SFWBS-15-4B 031616

Segments: 1/1 :

Parameters

Onset (DSC)
Onset (DSC)
Onset (DSC)
Onset (DSC)

Onset (DSC)

39.7°C
93.8°C
111.2°C

153.8°C

30°C/10.0(K/min)/350°C

Result Range (min) Range (max)
1.1 min 6.1 min

7.3 min 7.9 min

8.3 min 11.6 min

11.6 min 18.1 min

20.7 min 25.9 min

2534 °C

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:

288

30000 mg
SFWB8-15-4B 031616
SFWB8-15-4B 031616
12,37 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/-—

Created with NETZSCH FProteus soffware



TG /%

lon Current *10-7 /A
DSC/(mW/mg) Temp./°C

SFWB8-15-4 B - surrogate only / 031616 1 exa - :
i 114.4C o 4 '
§ EPSE Onset: 253.4 °C L R T -
100 1 —_— Onset 153.8,°C o 50 [390
] \ ) 2
% _ \ W s ST .-".-- - 10 L i 300
. ’ W”"-‘iéuu;?l.:.ﬂ;wm Fut 2 [1] i i 4'0 [
o \ ms;s.—-sa.‘yrgfﬁg_—nmam ; : - 250
80 - \ 25.22% G EEoue 0.5
4 Wﬁimwm L i 3 0
1 Onset: 39.7 °C ST timen L .
] N, _h_m;';.‘-i_ ‘00 I i
70 R et W;ufue:::_ﬁ.lum i
i i;ﬂ;'u.:&.“_-umm 286 8C : L2 0 =150
E * :w’u—um'ggtwn. \ =31 37 o, N _0 5 : b
s wEA :em-h:‘am £} N L
60 1 ) o ~ - - 100
] Onset 938°C N/~ 110
! s A, 8 Onset: 111.2°C - Ls0
50 st at et
" 531 e 0 §
1 e — TR . '
Tim '

Main 2016-04-2111:19  User: 113674 e /min SFWB8-15-4 B 031616.ngb-taa
[#] Instrument File Date Identity Sample Mass... Seg... Range Atmosphere Corr.
[1]STA 40SPC/PG SFWBS8-15-4B 031516.ngb-dsv  2018-03-16 SFWB8-15-4B 031616 SFWB8-15-4B 031616 12.37 11 30°CM0.0(K/min)/350°C ARGON/S0/ ARGON/30 / <no gas>/-—- DSC:020, TG:020
[2) QMsS 403 sfwbB-15-4b 031616_m2.00.imp 2016-03-16 sfwbB-15-4b 031616 Mass 2.00 n 38°CH .2(Kimin)/1°C -

[3] QMS 403 sfwbB-15-4b 031616_m11.98.imp 2016-03-16 sfwh8-15-4b 031616 Mass 11.98 " 38°CM1 2(K/imin)/1°C -
[4]1 QIS 402 shwb8-15-4b 031616_m15.97.imp 2016-03-18 sfwbB-12-4b 031618 Kass 1597 11 38°CA . 2(Kemin)/1°C -
[5) QMS 403 sfwb8-15-4b 031616_m16.97.imp 2016-03-16 sfwbB-15-4b 031616 Mass 16.97 11 38°CH 2(Kimin)/1°C -
[6] QMS 403 siwb8-15-4b 031616_m17 97.imp 2016-03-16 sfwb8-15-4b 031616 Mass 1797 17 38°Ci1 2(Kimin)/1°C -
[7T]QMS 403 sfwb8-15-4b 031616_m30.03.imp 2016-03-16 sfwb8-15-4b 031616 Mass 3003 11 38°C/1 2(K/min)/1°C —
8] OMS 203 Stwhbe-15-2p 021616_m35 94 mp 2016-03-16 sfwbB-15-4b 031616 Mass 3594 1t 3 Ci1 2(Kimin)1°C

91 QME 203 stwb8-15-4b 031616_ma3 91 mp 2016-03-18 sfwbB8-15-4b 031618 Mass 4391 11 38°Ci1 2{Kimin)it*C

[10] QM S 403 sfwb8-15-4b 031616_m45.91.imp 2016-03-16 sfwbB-15-4b 031616 Mass 4591 n 38°CA 2(Kimin)/1°C ---
[11] QM S 403 sfwb8-15-4b 031616_m47.91.imp 2018-03-18 sfwh8-15-4b 031616 Mass 47.91 11 38°C/N1.2(Kimin)/1°C -
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PMT2-MPR-DOP-015- Thermal Analysis with Off-Gas Analysis
R3-FM1 by Quadrupole Mass Spectrometry Page 53 of 58
MATLNAME: _ SCWR¥-15-4 B Location: _ (22 O
Thermal Analysis Data Sheet
XlUse Every Time
DOP and DS Verification (Section 5.3)
Data Units Accc:ifz:; ia Performed By
DOP is latest
. 7.5 Revision ffecti ision, Q ) ZM/L’J
Current DOP effective revision Q \X' number 5 ‘:::: ;z’:ﬂ o Yriftials
Documentum
1[3(7Y
Z No.
Verify that DS is the current Qm
effective version. e one) A Yo S_L{_Zﬂ_
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG/ @ Drawg
3 " Initials
Cal. File Name: (OI7¢ Ve e 02 z‘iu..{wi pep 0zZ29 1 N /A Ol/ B ‘?/' 7 nitals
Temperature & Humidity Monitor @) (f/ D5 [of1s /?0/‘ L3 67vY
Calibrated Thermometer (for Water Chiller) N / A AI/ / A{ ZNo.
i ! 3-16-1§
Wall Clock e oY oy O %/3/10/6 | “Dwe _
Analysis Type: TG /@9 / other J
Crucible Type: alumina TG beaker / alumina DSC pans / @ls:‘ other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100“6 at <20°C/minute): Yes /No N /A
Glovebox Conditions (Sections 5.3 & 5.4)
Deseription Cal, File No. CI'!-:E:P- P“f;;mﬁd Description
LANMAS / LAMCAS
Balance [D B £ é Q’ A A Initials
. 74
X . Date: _3-1(-1 .4 H%‘I'HTL
Date & Time Sample Vial (mm/dd?/yy) NA N/A *
8 0
Time: 1330 I -_—_—N /6
( 24 hour) Date
%RH<15,| dvn) | DG .
Initials Initials
Seal %RH/Temp.: N / é Seal %RH : o
Glovebox Conditions %RH/C® | not>3% | 11367Y | [0792
; GB235
GB235%RH/Temp.: 0.4 [30.5 |- %RrH | 3-161% | 3L
Date Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3
Quadrupole Mass Spectrometry
MATLNAME: Y W& ¥-13-H{ 1 Location: _ (7.2 O
Sample Weights (Section 5.4)
Description Cal. File No. C‘;::: P | Performea By Description
D
Mm/ddlyy Initials
; : 3-16-156
Date & Time Sample Date: 136y
Weighed ) & ZNo.
24 hr. §
Time: [ S U3 M
Date
Crucible / Pan Tare Wt. bt | D,
IO 1/ VA Lo B 0.16798 - Initials Initials
ST 136749 | 079D
pmw 113674 36016 et ZNo. | ZNo,
Net Sample Weight —-00 M 344
- {,_ ! E : o

0 .0 1237 /A Date Date

Instrument Setup (Section 5.4)

Acceptance | Performed

Parameter Data Units Criteria By Verified By

Sample Chamber Evacuated? YES Na)

Evacuation / (circle one) .
Backfill NiA N/A
Backfill / Carrier Gas Type:l\ H P A r
Gas Pressure Gas Pressure (at regulator): < l @) psig <10 Initials _Etlﬁ.alT
=
GasFlow1l: _ 5 O (R
15677 | srqe2
Gas & Flowmeter = _ Z No. }Lﬁ_—
Readings Gas Flow 2: O nh:mm N/A o.
Ll 2

Time gas flows turned on: ! e 9 Date &

Baseline (used for WIpp350CRaseling 0303 b r'.q’la kv
thermal buoyancy Filenatme: N/A N/A

correction)

{ ‘N/A " if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FMI

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

MATLNAME: SFwB%-iS-4 B

Run Parameters (Sections 5.4 & 5.6)

Location: (77O

Parameter Data Units Accc:‘.l:::;“ Perf;;med Verified By
Heating Rate: I § ) C°/min| >5,<20
Maximum Temp.: _’S_m_ ce <1500°C ")nﬂw') \\G
(>1000°C for 3013 Packaging) Initials [nitials
Tet;:f;—:;ure Date Started: 3 * | 61 b 11367 v JC'7€’15‘3
24 hour Z No, Z No.
TimeStarted:_ 1S5 10 - N/A 31614 | 3w
mm/dd/ e i) M
X
Total Analysis Time: LD
T;:g:::::r Sample Temp. at Start: 3 EIJ N ce N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnmt2”
Folder: \NJ T P{ %ﬁsﬁ
Run Data Files | Netzsch Measure Filename: N/A N/A _}_’Z%ﬁj’_‘[
0.
SFWBE-15-4Y 31516 nJhdsv
ThermoStar Filename: 3
Date
SFwRY-15-48 O313/¢, MDC
Mass Changes:
n-i5.12 ‘Z:Temp. Range ( BT - t §O‘Q ,BTWV\) \){_y
2)--%) 371 Temp. Range (| TO‘C_ - jSu'L) Y] / A Initints fotias
Rroteus Dain, 3) Temp. Range ( ) wigﬁ f To H/OA “3127 l/ le ;?q& Cas
- Z No. 0.
i ‘H(‘T'T
4) Temp. Range ( ) b A |36 L8 -/
: 7 Date 34.%,‘;4_
Total mass Change:
=159 a2
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: __ S§ 0% -1§-4R Location: (~2.2.©
Gas Data (Section 5.6
Parameter Data Units Acce.punce Performind Verified By
Criteria By
Volatile Species: v
st o Operato
) Wyoflp PeakT(ff‘fo;IY\-Y) jgand
Thermostar | 2 (O Peak T(133 .3’/ 270.17) SVo]a‘tile
Data pecies/| N/A (13 (’gz
3) NO(*L& Peak T(124.9 [ (127D 16 . ZNo.
49  PeakT(_ )
5) Peak T ( B 3"[)6 ol
ate
Total Moisture = mg Y Rt
Wt % ‘”’/ A____,——L?"'r”/ Tnitials Tnitials
Total Bulsitinost misntaalibation: b1 | Sl[¥ /¢
Moisture mm  dd w Wt. % <0.32
H0) |[%E s 1s): ZNo. Z No.
— =100 x -
Std. Error Slope oo s
Signatures
Parameter Data Units Agfpu.n s Performed By
riteria
Dmw
Operator
Operator — DS review N/A N/A b7y
Z No.
3. /6 /L
Date
Z 4
Supervisor
Supervisor — DS Review N/A N/A {.')f ‘fv‘ o/
No.
Y/2 (;52(,
(]
AA
i -l
Quality Representative — DS Review N/A N/A H} ¥l (‘1‘?} 14
No.
25/ 14
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by Page 58 of 63
Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:

D) (ol Eile (5 o wser '(;&jﬁ'})(n#gwﬁj o $ole Mo, 153 uqu//

Vil AT o
/

BOLA Ruawy s, ou 8 L\;»ﬁf'; 1t el wnoistoe
LivaitSs Do NoT APPLY

-%’2 e —f‘n‘ ! A LS "v\r«' m;a;’r'..fp44“./{' FAv) /’ J-P_i) Lidet 17/

71

Y/, I)Rﬁ*?ﬁ/ 3-/6-/6

'\-Zjlﬂrd h\é) 'L— abwe ! i

- (ol "nniu)g +ho v»wm:f‘r/‘ -ﬁ.r L l‘n/ka/ L;"ﬂ‘\/’ ~ Pl FR e é/
- [un :\O‘f'm’f i m:u' fo auto X% C

/ : .
- Sea0 g 248 (\.»\‘.3-( 1o I'M‘{’r ;men\-m&waf l‘\.'\\*Iz r*?_st u!r"{’,o/;

D 11767 y-2%- (€
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-4C 031616.ngb-dsv
Date/Time: 3/16/2016 4:24:03 PM (UTC-6)
End Date/Time: 3/16/2016 4:56:05 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMwW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWBB-15-4C

Furnace: STD SiC(PC)

Sample carrier: DSC(/TG) HIGH RG 2

Measurement End: Normal end

Gas1: ARGON Flow: 50 mi/min predefined
Gas2: ARGON Flow: 30 ml/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pis/min  hh:mm

—  Stand-by heating 30.0 200

- Stand-by isothermal 30.0 00:05

1 Dynamic 3500 10.0 100.00 00:32

-~ Emergency 370.0

-~ Final stand-by heating 300 40.0 00:08

-~ Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:

TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:

Reference Crucible Mass:

Material:

Sample determination mode:
Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

-
[T = S e 'y
[ T == S G G Gy
coocooo
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5000 pV

30000 mg
SFWB8-15-4C
SFWB8-15-4C 031616
13.79 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG

Project: WIPP

Filename: SFWB8-15-4C 031616.ngb-dsv
Date/Time: 3/16/2016 4:24:03 PM (UTC-6)

End Date/Time: 3/16/2016 4:56:05 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMw

Mode: DSC-TG

Measurement Type: sample with correction

Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv

Crucible: DSC/TG pan Pt-Rh

DSC DSC Range: 5000 pVv

Remark: SFWBB8-154C

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 516°C 0.0 min 5.8 min
Onset (DSC) 75.1°C 5.4 min 7.5 min
Onset (DSC) 1176 °C 8.8 min 9.6 min
Peak (DSC) 144.8 °C/0.8592 mW/mg 10.7 min 12.7 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Refarence Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

296

30000 mg
SFWBB-15-4C
SFWBB8-15-4C 031616
13.79 mg

DSC/TG pan Pt-Rh
0mg

empty

Omg

0mg

WIPP surrogate
Manual

Not possible
ARGON/50 / ARGON/30 / <no gas>/-—-

Created with NETZSCH Proteus software



lon Current *10-% /A

TG /% DSC/(mW/mg) Temp./°C
1 SFWB8-15-4 C - surrogate only - 031616 T e)(ﬂ X
100 < | 1247C 1448 *°C, 0.8592 mW/mg N[ 1 0 L 350
j - tezsmsa-:uc-:sr:gfo_:qN :
90 - \ — L 05 - 300
] 3 E:;;:c:s_:.m‘:%;?“::_n:,mm b2 . 08 1
i EEPTY Al cri=i [
3 -41.32 % K i ; L 250
- o | lon Cumart [~
80 Onset; 51.6 °C [4}e5wbE B2 03 1616_m3 65T imp = O 0
T \ e - -
i [BisswtE-: 54002 1896_mi6. 57 irp L
- S : 06 t200
" e fnbE~i S-4c 03 1616 _miT. 3T inp
70 bt 05 | :
| ['hs-».b&-li-?:)?_ ;f:_rr-‘&).o! imp
] ERRER o/ SR [ L04 | 120
] — - S—— '
.t : Termp. [
1 Onset; 75.1 °C [:msf.rhiig;?;%rﬁ_mﬁaiiw L i 100
=y o =wp, L
N lon Cunent
t L [?‘.Ez:‘ﬁb&—‘lj\-l::.l?iﬁpi:_m-llﬁ‘xinp -21.25 % : _1 5 5 02
¥ \ oo L men L - 50
3 SR Sl S, . : !
. — e —— : e = == {4 2.0 0 0
E T T T T T T T T T T T T T T T T T
Time /min
Main 2016-04-21 11:59 User: 113674 SFWBE-154 C 031616.ngb+aa
[#] Instrument File Date Identity Sample Mass/... Segm... Range Atmosphere Corr.
[1]1 STA 40SPC/PG SFWB8-15-4C 031616.ngb-dsv  2016-03-16 SFWEB8-15-4C SFWB8-15-4C 031616 13.79 M 30°C/1 0.0(Kmin350°C ARGON/S0 7/ ARGON/30 / <no gas=/-— DSC:020, TG:020
[2] QMS 403 sfwb8-15-4c 021616_m2.00.imp 2016-03-18 sfwb8-15-4c 031616 Mass 2.00 111 52°C1.B(K/min)/1°C -
[3] QMS 403 sfwb8-15-4c 031616_m11.88.1mp 2016-03-16 sfwb8-15-4c 031616 Mass 11.88 17 52°CH 6(Kimin)/1°C -
[4] QIS 403 shb8-15-4c 031816_m15.97.0mp 2016-03-16 sfwb8-15-4¢c 031816 hiass 1597 111 32°CH.8(K/min)/1°C
[5] QMS 403 sfwbB8-15-4c 031616_m16.97.imp 2016-03-16 sfwb8-15-4c 031616 Mass 16.97 11 52°C{1 6(Kimin)/1°C -
[6] QMS 403 sfwb8-15-4c 031616_m17 97 imp 2016-03-16 sfwb8-15-4c 031616 Mass 17.97 14 52°C/1 B(Kimin)11°C -
[71QMS 403 sfwbB-15-4c 031616_m30.03.imp 2016-03-16 sfwb8-15-4c 031616 Mass 30.03 11 52°C/ .6(K/min)/1°C —
[8] QMS 403 sfwb8-15-4c 031616_m35.94.imp 2016-02-16 sfwb8-15-4c 031616 Mass 35.94 11 52°CM .B(K/min)/1°C -
[9] QIS 403 sfwb8-15-4c 031616_m43 91.imp 2016-03-16 sfwb8-15-4c 031618 Mass 43.91 11 52°CH 8(K/imin)/1°C
[10] QM S 403 sfwb8-15-4c 031616_m45.91.imp 2016-03-16 sfwb8-15-4c 031616 Mass 4591 111 52°C/1 .B(Kimin)1°C —
[11] QKIS 403 sfwb8-15-4c 031616_m47 91.imp 2016-03-16 sfwb8-15-4¢c 031616 Mass 4791 11 52°CH BKimin}1°C
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Crealed with NETZSCH Proteus soffware



PMT2-MPR-DOP-015-

Thermal Analysis with Off-Gas Analysis

R3-FM1 by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: _SPWB %-15-4 C Location: (5220
Thermal Analysis Data Sheet
XlUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A::c:il::;u Performed By
DOP is latest N,
Current DOP effective revision ? L/ n::::: ¢ v‘:zg:‘::" = tnitials
Documentum
U367Y
Z No.
Verify that DS is the current Yes /INo
Y
effective version. ;i; ;one) BUA ° 3-[b-1%
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
f‘?"*'-{‘;n
Carrier Type (circle one) : TG JQ)_sy -
N /a oz [29 / 7 | Dl
Cal. File Name: (WEPP fvwp o ik '/Wj:ﬁ';’-” oMb
Temperature & Humidity Monitor @] (‘f I I\ E}E) [ 18- ( {(36’7 b
Calibrated Thermometer (for Water Chiller) N A nJ / A I
306
Wall Clock byoys0 X-3-16 —bﬁ

Analysis Type: TG

TSN
DSC'Y other

AN
Crucible Type: alumina TG beaker / alumina DSC pans / Pf DSC p@ther

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes / No M/A

Glovebox Conditions (Sections 5.3 & 5.4)

Cal. Exp.

Performed

Description Cal. File No. Date By Description
LANMAS / LAMCAS -
Balance ID R 7) (6 A NA Initials
1
Date: 03 /)b /1 '
Date & Time Sample Vial e (mm7dd] y/y) k o ¥l ZNo.
Opened ; 23
Time:__( b O | 30616
( 24 hour) Date
%RH < 15, BH&MMZ L:(}_
Initials Initials
Seal %RH/Temp.: WZ ;ﬁ Seal %RH 1737 S
Glovebox Conditions %RH/C® | not>3% | 5677 | 10792
more than Z No. Z No.
| GB235 |.
GB235%RH/Temp.: 0.4 [ 305 [c %RH | 2 {)i‘ie T—’a/fnt;vj/a
e
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

MATL NAME: __ S Fw®%-15-4(C Location: (3/).7.0
Sample Weights (Section 5.4)
.- . Cal. Exp.
Description Cal. File No. Date Performed By Description
Onmr/
Mm/dd/yy Initials
Date & Time Sample | Date: 216" 6 o
. = N/A JADINS 4
Weighed Z No.
24 hr. _
Time:_ | L1056 3616
Date
Crucible / Pan Tare Wt. Growv [ Yofs
PR SA 908 0. 166Y | N/A Initials Initials
(1379 |lp796R
grams Z No. Z No.
Net Sample Weight il >3g,<18g|
O 374 540616 | 346
Daté Date
Instrument Setup (Section 5.4)
Parameter Data Units Ag:il::izu Pcrl';;med Verified By
Sample Chamber Evacuated?
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: {AHE Ar
DI | Ny,
Gas Pressure Gas Pressure (at regulator); < / E 2 psig <10 Initials ‘T;:Wg-“
Gas Flow 1: SO H} ‘?/'
Gas & Flowmeter . 30 i N/A - L%%&l
Readings Gas Flow 2: : ’
56N
Time gas flows tunedon: /1 : 3 Date .?Li[iék
Baseline (used for | o T PP 350C Reseding O30¥6
thermal buoyancy Filename: N/A N/A
correction)
('N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Page 56 of 63

015,R3 Quadrupole Mass Spectrometry
MATLNAME: ___SfwWR¥-13-Y- Location: _ (27 O
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units Ag:il:::i: i Perl‘;;med Verified By
HeatingRate: + O ¢ C/min| >5,<20
Maximum Temp.: ) M lqg . ce <1500°C D}/VW\) N, _
(=1000°C for 3013 Packaging) Initials Initial
Temperature " ; 2t g
Profile Date Starteds 321€ | . 24 hour ”zi(f L] Le ;;lo{ﬁ =
Time Started: | [ 4 2.4/ y NA | Befe-fL | e/l
mm/dd/ Date Date
Yy
Total Analysis Time: O () "2 x
ThermoStar : o
Refarcios Sample Temp. at Start: 5 I Z C N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnmt2” U
Folder: |\) TP f initials
Run Data Files | Netzsch Measure Filename: N/A N/A / , Zl\(l: .
o.
SFOBY -(S-4UC. 036 16. ﬂj‘ﬂ-flh
ThermoStar Filename: 3#
i
YW BY -8~ , 031616 . mMpC-
Mass Changes:
n—Y4 I.SZZTcmp. Range ( KT~ {S5%) me M
2 -] .15’{Temp. Range I55% - 350 Initials Initials
Wt. %/ . ~4&}
Proteus Data 3) I — ) oC Total <04 H;%‘: £/ fc;;ff P
49  Temp.Range( ) M 2
Date Date
Total mass Change:_
=07.57%
Notes:
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 57 of 63

m\:\i}‘ I:'”‘

UCNI

I 2,
MATLNAME: _SYWRY- 4 -4

Location: (- LZ'O

Gas Data (Section 5.6
n Acceptance| Performed
Parameter Data Units Criteria By Verified By
Volatile ies: !!29"\/‘/‘}
- Operator
D Bofol PeakT( (240 ) ®
ThermoStar | 2 —LVx_ Peak T(13 5.7 U0y Volatile
Dat , G Species/| N/A i
A 3) NO/NO; Peak T (L35, 229:4°C) PC " ZNo.
4y PeakT( )
5) Peak T ( ] k-6
—_— Date
Total Moisture = mg
Wt % Initials Initials
T
Total Date of mo nt calibration: , /> )
Moisture \.’I"/f!m’ dd Wt % | <032
(H,0) | %Emor(RSD,1s): = 112~ ZNo. ZNo.
-~ |'V\'
N ./ A YV 00x -
_ o] Std. Error Slope e ek
/
Signatures
J Acceptance
Parameter Data Units Criteria Performed By
. Operator
Operator — DS review N/A N/A L1567y
Z No.
%1 ¢-16
Date
e
a.;pgrvisor
Supervisor — DS Review N/A N/A 75d] >
No.
5" 205 /1 &
e
P
QR
Quality Representative — DS Review N/A N/A (K T
Z No.
Date
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,83 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:

j)_ Col Cile 2 £ TGA-DIC o)t :’{U‘(’} /‘ud/ .Jﬂ/\,

- user col b e d €y Lipn ot

) u/A for 4lavwne Ler— m,r REQUIRPED Cow o~ -3/
3) Cbwstryt.: S0 /3 er. fo pa fo [100°% oApes l'\.{)/qJA’ﬂ/L._
)  Sea J_ iy [ e pen - 30 /5 oL/ L des mf-l»-f/m
¥ e 2 V{o"f'{'l/wafm;/r ne Aues ra/ 1;7};(/ L flope
Nufwtw\w\/ff

— Dasn) 1367 Y z-/6-/L
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWBB8-15-4D 031716.ngb-dsv
Date/Time: 3/17/12016 10:50:32 AM (UTC-6)
End Date/Time: 3M17/2016 11:22:32 AM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-4D 4TH RUN

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 miimin predefined
Gas2: ARGON Flow: 30 mli/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mede Temp. HR Acq.Rate Duration
°C K/min  pts/min  hh:mm

-~ Stand-by heating 300 200

Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

- Final stand-by heating 30.0 400 00:08

- Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC: S
Sample TC: S

STC G1 G2 G3

OO0 = wmh owk -k
[ T = I SR G Y
oocococoo

303

5000 pv

30000 mg
SFWB8-15-4D 031716
SFWB8-15-4D 031716
16.47 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWBB-15-4D 031716
Filename: SFWBB8-15-4D 031716.ngb-dsv Sample name: SFWB8-15-4D 031716
Date/Time: 3/17/2016 10:50:32 AM (UTC-6) Sample Mass: 16.47 mg

End Date/Time: 3/17/2016 11:22:32 AM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg

Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible

Crucible: DSC/TG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas>/---
DSC DSC Range: 5000 pv

Remark: SFWB8-154D 4TH RUN

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 117.7°C 9.0 min 9.8 min
Onset (DSC) 384 °C 0.6 min 6.0 min
Onset (DSC) 943°C 6.1 min 7.9 min
Onset (DSC) 104.2°C 8.1 min 8.7 min
Onset (DSC) 69.2 °C 3.8 min 6.4 min
End (DSC) 1109 °C 8.3 min 8.8 min
Area (DSC),0 245 Jig 8.1 min 8.8 min
Peak (DSC) 141.7 °C/0.7788 mW/mg 9.4 min 12.3 min

Created with NETZSCH Proteus software
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lon Current *10-8 /A

a
TG /% DSC /(mW/mg) Temp. /°C
4+ SFWB8-15-4D - no additions - 031716 i i .
E Peak: 141.7 °C, 0.7788 mW/mg T exﬁi ! 1 4
100 ~+—_—_-R 173 = o= | 10 "350
. \ '-..'_.\m: "12 I
90 ] - _,--ﬁ_gsn_ueg.;mum;sr:argw;-.- j 05 u 300
i S e !
i . ) | 47 35 o, [iskbsinds M:::'_nﬁ:}).irtp g 1 0
| Dwnsek 88.5°C \ i [CECTORTY el e, 00 - 250
80 1 ) P i -
- [4=\-\ba.k4a".l370rr."§?lrp r
1 o lor‘..‘rn:rr:fl " [l 0‘8
1 [BisdvbE-: 543 23 TI6_m 83T imp T 200
] iEREn B ‘0 5
70 - iEistnbes 54 :_? iTi5 TSN ’
4 2 p
4 o ms,-.,bs-,m*” 53748 m303 irp i 06 L 1 50
1 Onset: 69.2 °C .FTerr.p
60 - - - e L 0.4
E Onset: 9 3 oC Slednbs- & ‘;rr: L md3Firep L - &
1 4 — 'hr.!:‘rl;r'e;l;l : L 1 00
1 Onset 104.2 °C I’D’S"‘b&‘?"jﬁr’n;"""m " 115 |
T o) rCwant 3
. - (1735 EwbB~i S-4< 031716 m47 Sevp |
.1 (. 245 Jig = 02 }50
] End 110. S °<:'b NG ‘ i
T T T T T T v g T T T T v T T Y T Y v T Y Z
Time /min
Main 2016-04-2112:31 User: 113674 SFWB8-15-4 D 031716.ngb-taa
[#] Instrument File Date Identity Sample . Seg... Range Atmosphere Corr.
[1] STA 408PC/PG SFWB8-15-4D 031716.ngb-dsv  2016-03-17 SFWB8-15-4D 031716 SFWB8-15-4D 031716 1647 1A 30°CH0.0(Kfmin}350°C ARGON/50/ ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-4d 031716_m2.00.imp  2016-03-17 sfwbB-15-4d 031716 Mass 2.00 in 37°CH A(Kfmin)/1°C -—
[3] QMS 403 sfwb8-15-4d 031716_m11.98.imp 2016-03-17 sfwb8-15-4d 031716 Mass 11.98 " 37r°CH AK/miny/1°C —
[4] QKIS 403 sfwb8-15-4d 031716_m15.97 imp . 2018-03-17 sfwh8-15-4d 031716  Mass 15.97 141 37°CA HKmin)/1°C -
(5] QMS 403 sfwb8-15-4d 031716_m16.97.imp 2016-03-17 shwb8-15-4d 031718 Mass 16.97 111 37°CA A(K/min)/1°C =
[6] QMS 403 sfwb8-15-4d 031716_m17 97 imp 2016-03-17 sfwb8-15-4d 031716 Mass 17.97 11 37°CH A{(Kimin)/1°C -
[7] QMS 403 sfwb8-18-4d 031716_m30.03.imp 2016-03-17 sfwbB-15-4d 031716 Mass 30.03 m 37°CH A(KImin)/1°C -
[8] QMS 403 sfwb8-15-4d 031716_m35.84.imp 2016-03-17 sfwb8-15-4d 031716 Mass 235.94 111 37°CH AKImin)/1°C -
[9] QRIS 403 sfwb8-15-4d 031716_m43.91 imp 2018-03-17 sfwb8-15-4d 031716 Mass 43.91 111 37°CH A(Kmin)/1°C s
[10]QMS 403 sfwbB-15-4d 031716_m45.91.imp 2016-03-17 sfwb8-15-4d 031716 Mass 4591 11 37°CH 1(K/min)i1°C —
[11] QM S 403 sfwhb8-15-4d 031716_md7.91.imp 2016-03-17 sfwb8-15-4d 031718 Mass 47 91 11 37°CH A(Kimin)/1°C .-
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PMT2-MPR-DOP-015-

R3-FMI

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: OYWDBY 154 D

Location: GM,O

Thermal Analysis Data Sheet

XlUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A::t:il:::;ce Performed By
DOP is latest WS
: o - Revision effective revision, as !
Current DOP effective revision 72 ! fiiiibes il o Initials
Documentum .
i1 3(79
Z No.
Verify that DS is the current @L / No
N/A Y
effective version. le one) “ 317+ ¢
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
T
Carrier Type (circle one) : TG [ |DSC P
N o128/ |
Cal. File Name: W /PTEWP 027316 | wTPp 022916 A / [17 s
Temperature & Humidity Monitor oY | YX¥X l08-1 3624
Z No.
Calibrated Thermometer (for Water Chiller) N A N /A ?
, ! 317
Wall Clock 04o4¥0 SRl éaTL
Analysis Type: TG ILU other ) ——
Crucible Type: alumina TG beaker / alumina DSC pans / Pt DSC pans / o?
As
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1 100°C at <20°C/minute): Yes /No / A
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. C.]I)'aﬁt::p' Perf;;med Description
LANMAS / LAMCAS Dy
Balance ID ’& % (6 N/A NA " Initials
? L
. | Date:_ o3 /r/1e g
Date & Time Sample Vial (mm/dd7yy) MR S -
Opened G
Time: |03y M
( 24 hour) Date
A
%RH<15,| pmw | TG.
Initials Initials
Seal %RH/Temp.: _V/ 4 Seal %RH
Glovebox Conditions %RH/C® | not>3% | _113(7} 74
more than Z No. Z No.
GB235
o : Db 05 o 319/ | A7 e
GB235%RH/Temp.: U.b C %RH == —
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PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATLNAME: ___ SY WRY - (5-4YD Location: _ (- 7.0
Sample Weights (Section 5.4)
Description Cal. File No. CIDL:::I" Performed By Description
OdY-17-1b Mm/ddlyy Initials
Date & Time Sample Date: __LAJ /)37y
- N/A
Weigl'led p‘“” 56y -‘)},?/fs WL
24 hr.
Time:_[D'3S AW o 2
Date
Crucible / Pan Tare Wt. m—-
ARSI AN O, 6 s B (9 N/A Initials Initials
(13679 | le79e >
gra[ns ¥4 No. Z No.
Net Sample Weight 0. 0|64 >3g,<18g| .
7 3417-1¢ | 247/ e
Date Date
Instrument Setup (Section 5.4)
. Acceptance Performed .
Parameter Data Units Chiterin By Verified By
P on,
Sample Chamber Evacuated? YES (NO)
Evacuation / (circle one) o :
Backfill N/A N/A
Backfill / Carrier Gas Type: [} [4+P A~ _
Disw
Gas Pressure Gas Pressure (at regulator): << |0 psig <10 Initials Tritials
Gas Flow 1: SO H 7t
Gas & Flowmeter ow2: 20 b N/A e }_D_ZZN%Q
Readings GasFlowd:© '
327-4¢ :
Time gas flows turned on: 7 0.0Z Date %
Baseline (used for :
20 350 C Baseling . 030¥1 §
thermal buoyancy éi}é,ﬁ,ne: > : N/A N/A
correction)
(‘N/A" if no buoyancy curve is used)
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015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

Location: (770

MATL NAME: _SYW8Y-[S-4 D

Run Parameters (Sections 5.4 & 5.6)

Parameter Data Uiy | Acccptamce. | Perfermed | o a8y
Criteria By
Heating Rate: | O C°min| >5,<20
Maximum Temp.: :LSO_ Ce < 1500°C nm lo W}, ;
(=1000°C for 3013 Packaging) " Initials Initials
Temperature .
Date Started: 5 | -1 & i X .
Profile ‘ ¢ 24 hour No. Z No.
Time Started: | O . 573 5 N/A 3407:4C | 34U
m';;dd’ Date Date
Total Analysis Time: 0O "% 7~
T;:;;?::::r Sample Temp. at Start: % G “_‘I ce N/A N/A
All Data stored on: *TASS NMT-15 Powder
Characterization on Winnmt2”
Folder: | T2 P Initials
Run Data Files | Netzsch Measure Filename: N/A N/A | -;(;?' Y
o.
STWBE 13-Up 0317146 Nyl
ThermoStar Filename: hS_lQe;Lé
SFOBE-IS-4D, 0317 .mD C
Mass Changes:
- £ A . - . = -
1) =31.35% Temp. Range (R -/50¢C ) o }6
2) (210 j:, Temp. Range ( /50~ 350 [ Sl Lriktaels
Wt. %/ )
Proteus Data 7 Total < 0.4 2367Y | 16792
S . ) /
— c
4) Temp. Range ( ) 307/ | 3N 75&2
Date Date
Total mass Change: 57 55 Z
Notes:
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PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _ S £ BY-/S-4 D Location: (-27 O
Gas Data (Section 5.6
Parameter Data Units A:;:il:::;:‘ 5 l’erl'll;yrmed Verified By
Volatile Species: EJ ;I'—!ﬂi {
rator
1) f{,%(;.u peak T(_[/7.3C ) j g
2) Peak T (_JZ5. ; 109.38) Volatile
ThermoStar | ? ¥ Species/| N/A 13i72Y
Data )N él! PeakT(f‘L‘Sr 716.67) 5€ - ZNo.
_ Peak T( )
5) Peak T ( ) %
Total Moisture = mg / -
S ____.._—-—-/ Initials Initials
Total ate of most recent cali
Moisture mm  dd »w Wt. % <032
RSD, 1s):
(H,0 r(RSD, S)m DIECT ey T4 Z No. Z No.
A /A D
=100 x +
Std. Error Slope P P
Signatures
Parameter Data Units Accc:ll::::u Performed By
Operator
Operator — DS review N/A N/A _LIJ_{%‘/_
Z No.
E & E 1 1 !‘
Date
I Supervisor
Supervisor — DS Review N/A N/A o7 ;” i
A2t
te
(£t
QR
Quality Representative — DS Review N/A N/A (L4224
Z No.
Date
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PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by Page 58 of 63

Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:

A///q ‘\LLWW\’V"“F
Fen

B Calih, ff'»é./mm\u s B AP ien > fur _on O3 b/ £

'3), pops 30773 nn.a_l’./uf rdm-’\ m'.)‘] /M £ f‘a Fu [109"

ot r*Q.aJu» r*-f..)//

)L'Qaf’ /u@J/Lf«m .-e=.-mu/-fr mm*)t/? Lourk

Kj YU § fhare uz.ﬂ_fpmnlf\t// A ..u./‘ r"QL{) (osred ﬂv- WITP2 rf‘\o//)

nmw 37y 3-17-[ %5
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Instrument: NETZSCH STA 409PC/PG

Project: WIPP

Filename: SFWB8-15-ACID A 031716.ngb-dsv
Date/Time: 3/17/2016 2:45:50 PM (UTC-6)

End Date/Time: 3/17/2016 3:17:50 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction

Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv

Crucible: DSCITG pan Pt-Rh

Remark: SFWB8-15-4 ACIDA 031716

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 miimin predefined
Gas2: ARGON Flow: 30 mli/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pts/min  hh:mm

-~ Stand-by heating 30,0 200

- Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

—- Emergency 370.0

-~  Final stand-by heating 30.0 40.0 00:08

Final stand-by isothermal  30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC: S
Sample TC: S

§TC Gt G2 G3

= = [ Gy
OO = = =
coocococoo
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5000 pV

30000 mg
SFWB8-15-ACID A 031716
SFWB8-15-ACID A 031716
17.204 mg

DSC/TG pan Pt-Rh

Omg

empty

0mg

0 mg

WIPP surrogate

Manual

Not possible

Created with NETZSCH Proteus software



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG

WIPP

SFWB8-15-ACID A 031716.ngb-dsv
3/17/2016 2:45:50 PM (UTC-6)
3/17/2016 3:17:50 PM (UTC-86)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv

WIPP 022916.ngb-esv

DSC/TG pan Pt-Rh

5000 pv

Remark: SFWB8-15-4 ACIDA 031716

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 39.0°C 1.1 min 5.5 min
Onset (DSC) 120.0 °C 9.3 min 10.1 min
Onset (DSC) 161.1°C 11.8 min 26.9 min
Onset (DSC) 65.6 °C 3.8 min 5.6 min
Onset (DSC) 108.6 °C 8.5 min 9.2 min
Area (DSC),0 2.717 Jig 8.6 min 9.3 min
Peak (DSC) 143.6 °C/0.6526 mW/mg 9.3 min 12.1 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:
Residuum measurement:
Atmosphere:

312

30000 mg
SFWB8-15-ACID A 031716
SFWB8-15-ACID A 031716
17.204 mg

DSC/TG pan Pt-Rh

0mg

empty

0mg

0mg

WIPP surrogate

Manual

Not possible

ARGON/50 / ARGON/30 / <no gas>/—

Created with NETZSCH Proteus software



TG /%

SFWB8-15-4 + 200 uL 10M HNO3 / 0.3M HF - A

lon Current *10-6 /A
DSC /((mW/mg) Temp./°C

4 e £ !
100 1 143.6 °C, 0.6526 mW/mg T Xﬁ f 1.0
] F-- -—-..... 126.9C e .-"[1‘1 7 16 —350
o \ s -
] \ Onset: 151.1 °C L 05
. — [1] BPWEE1S-ACID £ 03716 rgb-dsv L . |
90 1 o : 14 £300
L Tamp. - -
1 e (2} SfwbS-3 5302 5 D337i6_m2D) imp i
E Onset: 39.0 °C AL .. L 0.0 L 12
1 | o [3 sEnbB-i5-ack & 031740_mis 9B imp R . s 250
80 - = -43.06 % LA -
: 8 L sxbbitatia J3iTI6_mi5STimp - L
. =M L =
. 5 s‘xb&ifh':;jc:{;?‘igiﬁ_m‘;asl' imp ~ —0 5 1 .0 L
70 ] e o 05 | 200
1 ﬁ‘}_ﬁxbs—:b—::’d;;%ﬂ&_mﬁﬁﬁmp " 0 8
o Iar.Cu-reﬂ :
7 [71 =f#b5-15-add a 331716_n3003irmp
| Onset: 65.6 °C KK r-1.0 - 150
60 ] 15! s«mz&m&:o&m&_m&mm [ 5 06
: [EA ﬂb&:s-fgccg cﬁc:tr.a_mas:'mo . - 1 0 0
o il - B
50 E s [1-33:7.‘.\'%1E;%l?z?iﬂﬂ_mlb.?-.lmp 1 5 - 04
: Onset: 108.6 °C & - =y [.1-1 =‘b5‘,‘ IQfF-;r\;uEér' AT S imp
... e “'&.\' e '__20 -0 2 - 50
40 o “area: A — 2256 % ' !
] s ———————— = —= t? ; 0
30 - T ¥ T d T T v T Y T T T ¥ T T v Y v v T v _25
_ Time /min
Main 2016-04-2112:54 User: 113674 SFwWB8-15-4 ACID A 031716.ngbtaa
[#] Instrument File Date |dentity Sample Mas... S.. Range Atmosphere Corr.
[1]1STA 408PC/... SFWBB-15-ACID A 031716.ngb-... 2016-03-.. SFWB8-15-ACIDA 031... SFWB8-15-ACIDA031... 17.2.. 1.. 30°CA0.0(K/min}/35... ARGON/50/ARGON/30/<nogas.. DSC:020, TG:.
[2] QMS 403 sfwb8-15-acid 2 031716_m2.00.i... 2016-03-. sfwbB-15-acida031716 Mass 2.00 1. 3G A(KImin)/1°C -
[3] QMS 403 sfwb8-15-acid a 031716_m11.98.... 2016-03-.. sfwbB-15-acid 2031716 Mass 11.98 1. 37°CN A(Kiminy1°C
[4] QRIS 402 shahB-13-acid 2 031718_m15.97.... 2015-03-.. sfwbB-15-acida 031716 [llass 1587 1. 37°CAA(K'min)1°C -
[6] QMS 403 sfwb8-15-acid a 031716_m16.97.... 2016-03-.. sfwbB8-15-acida031716 Mass 16.97 1. 37°CN A(Kfmin)/1°C
[6] QMS 403 sfwb8-15-acid a 031716_m17.97.... 2016-03-.. sfwbB-15-acida 031716 Mass 1797 1... 37°CN A(K'min)}1°C -
[7]1 QMS 403 sfwb8-15-acid 2 031716_m30.03.... 2016-03-.. sfwbB-15-acid a031716 Mass 3003 1... 3r°CHA(KImin)1°C -
[8] QMS 403 sfwb8-15-acid a 031716_m35.94.... 2016-03-.. sfwb8-15-acid a 031716 Mass 35.94 1... 37°CN K min)/1°C —
1 QNS 40" stwhi8-15-30id 3 0 7 -_|".J'- 91 122 shwbB-15-acid 3 031716 Mass 4391 L 3701 1 HCMn Y1 C
[10]QMS 403 siwb8-15-acid 2 031716_m45.91 ... 2016-03-.. sfwbB-15-acid a 031718 Mass 4591 1. 37°CH ((K'min)/1°C e
[11]QMS 403 stwb8-15-acid 2 031716_m47.91 ... 2016-03-.. sfwb8-15-acid a 031716 Mass 4791 1... 37°CH A(Kmin)1°C -
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PMT2-MPR-DOP-015-
R3-FMI

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: YWY -iS ACID A 03171k Location:  (:2.7.0
Thermal Analysis Data Sheet
Xuse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A:;:il:::;“ Performed By
DOP is latest
2 i Revision effective revision, as
Current DOP effective revision R \x‘_ S vesified on Initials
Documentum
[13672Y
Z No.
Verify that DS is the current YesY No N/A e
effective version. irclé one) 21716
Date
M&TE (Sections 5.3 & 5.4)
Deseription Cal. File No. Cal. Exp. Date Performed By
e
Carrier Type (circle one) : TG /| ‘\QS_C,)
- J % itial
Cal. File Name: WI?E TEMP 0 L1 :6/ WIPP 72916 N/A 0 "/ 21 / r7 foitets
Temperature & Humidity Monitor O ISYY / O/’ G & /1 (3 [1367¢ ['
Calibrated Thermometer (for Water Chiller) ;.\{ / A N / A i
3 (-1
Wall Clock O« Oy %0 O% / 03 / ()[4 W("
Analysis Type: TG f@! other
Crucible Type: alumina TG beaker / alumina DSC pans / @s / other
3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes /No %
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. bl B s Descripiion
LANMAS / LAMCAS “556_6 Nt Nk
Balance [D Initials
) . Date: 03/‘7/16 ,Ll%ﬁl‘/
Date & Time Sample Vial (mm/dd/yy) N/A NA 2
0 ed 2 L
P Time:_ 11136 $-17-/¢
( 24 hour) Date
%RH<15,| [y | 6.
Initials Initials
Seal %RH/Temp.: N/ 14 Seal %RH - e,
Glovebox Conditions %RH/C° | not>3% 13679 | 101962
GB235 -
GB235%RH/Temp.: 0.6/ 30.8 %RH | 2 {) 7“;34’ -"/[’h T/fi'
& c
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _§SW5HX-(8-4 Acap A Location: _ (& 2L.7.0
Sample Weights (Section 5.4)
Desceinis . Cal, Exp.
escription Cal. File No. Date Performed By Description
< . Mrnfdd/yy Initials
. A=
Date & Time Sample Date;_>°1 16 B pm HIC7
Weighed 7 No.
24 hr.
Time: (4 HO St
Date
Crucible / Pan Tare Wt, o . D | DG,
0.169 SG6 N/A Initials Initials
113674 | 107902
grams Z No. Z No.
Net Sample Weight ¢ >3g,<18g
©.0191% e | 3424
Date Date
Instrument Setup (Section 5.4)
G Acceptance Performed ;
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES l
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: W\ A ~
Gas Pressure Gas Pressure (at regulator):  “— 10 psig <10 Initials %I%T
GasFlow1: __ 50 7Y
"? 0
Gas & Flowmeter Y, e NiA ZNo. ! .'Dz:fo S
Re&dings Gas Flow 2: nnimm , :
RN Y [(
Time gas flows tumedon: _[O : D7 Date 34.;:-;&
Baseline (used for WO PP 350¢C Basefire 0J0%16
thermal buoyancy Filename: N/A N/A
correction)
('N/A " if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3
Quadrupole Mass Spectrometry
MATL NAME: S¥W388% ~1{8-Y AUTD A Location: _ (2.2 ©
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units A:'-:'-‘:il:::i:“ Perf;;med Verified By
Heating Rate: l O C°/min| >5,<20
Maximum Temp.: ~5 S o co <1500°C OW \(_7
(=1000°C for 3013 Packaging) Initials Initials
Temperature :
Date Started: 3~ \7)- | (o 1 \6 7492
Profile =2 24 hour Z No. Z No.
. i ] " EE = f f
Time Started: __J (Yiuh mm/dd/ B 3_[11_‘1:_“:_ ' If)a—fc 2
Yy
Total Analysis Time: _ { }D 3 5 Z
Th ;
R:gr:::::r Sample Temp. at Start: D) 7 ! 3 EF N/A N/A
All Data stored on: “TAS5 NMT-15 Powder
Characterization on Winnmt2” w‘n N
Folder: w-I P? Initials
Run Data Files | Netzsch Measure Filename: N/A N/A -\-;é_?—i
0.
SYWB%-1S-ALTD A 03176 nghdlv
ThermoStar Filename: 3_‘_!.3;_{6
S B 13-ACIDA o35171G. MU{C
Mass Changes:
n - 30k Temp. Range ( ﬂr" IFO‘UQ. ) BW) \\G
2) <12+ SbTemp. Range 07 S0t Initials Initials
Wt. %/ g - 7
Proteus Data 3 Temp. Rangel : pod Total <0.4 ¥ g r(iz:., j L,Z'?:,! k p 18
4 _ Temp.Range( ) 176 | 3430
T & Date Date
otal mass Change: s
_¢sez],
Notes:

316




PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: <S¥[34 AcTD A Location: (&5.7.0
Gas Data (Section 5.6
Parameter Data Units Ag:il:::;:“ Perl';yrmcd Verified By
Volatile Species:
[ Operator
) 0/ cH PeakT( 1269 C ) e
~ .19 ;
ThermoStar | 2 (vE Peak T(_ (3§ 1%C S\::;I:;:Isef ]|'567
Data |5 @LA)_QLPeak 110971 131.25¢ °C —Lf'z No
4  PeakT( )
5) Peak T ( ) QD 2 E)a']t; l 6
Total Moisture = mg ; ‘1 —
Wt % w I3 L ,—/ _
L% % / Initials Initials
Total Date of most recent calibrati
Moisture Wt. %
(H,0) % Error (RSD Is _ Z No, Z No.
4.17°1®
Std. Error Slope Rew e
,—,’//
Signatures
Parameter Data Units Ai(:;::::i:ce Performed By
Operator
Operator — DS review N/A N/A U_T)éb';?_'j_
0.
241716
Date
—7 -
§UEWIW
Supervisor — DS Review N/A N/A 0 5 A” [
G’ 2 4&{2/:
Date
M
OR
Quality Representative — DS Review N/A N/A (H ?’»; 74
0.
g
Date
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
g1 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
I’\)//c\ r‘t\u\@w"

f\ (‘10 G le ndans €ov T('ﬁ'fnﬂc. Cal iV < ‘\J,.‘{i
lre ¢ ciaace 1 e a user Qﬂg (9?6{-&'0’ \‘\.{"{(‘M—-

?\ Cal ibeate d Tiornvwnwa £ L :ADDF rtrmmco/ £
Mw\ 2013wk ¢

3) Termp. Prob ile ¢, 550% for iy ek

"l\ Wp ?\.fH /T\ L0 ot l-Pr mnr—-’,{ Lor rana 3003

"i}l JAVNSIIE Vel C\Mﬂ::t‘ ¢yt r@e‘f;u—rﬁ/ pr ]»\JTQO (y@ﬂlﬁggf’j

P 137y 3-17-1%
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Instrument: NETZSCH STA 409PC/PG

Project: WIPP

Filename: SFWBB8-15-ACID B 031816.ngb-dsv
Date/Time: 3/18/2016 10:05:43 AM (UTC-6)
End Date/Time: 3/18/2016 10:37:44 AM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMwW

Mode: DSC-TG

Measurement Type: sample with correction

Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv

Crucible: DSC/TG pan Pt-Rh

Remark: surrogate + acid 2nd run - gray bead component

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1:
Gas2:
Gas3:

ARGON Flow: 50 ml/min predefined
ARGON Flow: 30 ml/min predefined
<nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pts/min  hh:mm

- Stand-by heating 300 20.0

- Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

-~ Emergency 370.0

- Final stand-by heating 30.0 40.0 00:08

-—  Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC: S
Sample TC: S

STC G1 G2 G3

OO0 =2 =3 =k -
OO0 =3 =& -
cooooo

319

5000 pV

30000 mg
SFWB8-15-ACID B 031816
SFWB8-15-ACID B 031816
16.397 mg

DSC/TG pan Pt-Rh

0mg

empty

0mg

0mg

WIPP surrogate

Manual

Not possible

Created with NETZSCH Proteus software



Instrument:
Project:
Filename:
Date/Time:

End Date/Time:
Laboratory:
Operator:

Mode:
Measurement Type:
Correction:
Temp.Calib.:
Sensitivity:
Crucible:

DSC DSC Range:

NETZSCH STA 409PC/PG

WIPP

SFWB8-15-ACID B 031816.ngb-dsv
3/18/2016 10:05:43 AM (UTC-6)
3/18/2016 10:37:44 AM (UTC-6)
55-0004-0208

DMW

DSC-TG

sample with correction

WIPP 350C Baseline 030816.ngb-bsv
WIPP temp 022916.ngb-tsv

WIPP 022916.ngb-esv

DSC/TG pan Pt-Rh

5000 pv

Remark: surrogate + acid 2nd run - gray bead component

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 40.0°C 1.3 min 5.8 min
Onset (DSC) 114.1°C 8.6 min 9.9 min
Onset (DSC) 153.1°C 12.2 min 18.5 min
Peak (DSC)  144.3 °C/0.5885 mWimg 10.7 min 12.2 min

TG TG Range:

Sample identity:

Sample name:

Sample Mass:

Crucible:

Crucible Mass:

Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:
Atmosphere:

320

30000 mg
SFWB8-15-ACID B 031816
SFWBBS-15-ACID B 031816
16.397 mg

DSC/TG pan Pt-Rh

0mg

empty

0mg

0mg

WIPP surrogate

Manual

Not possible

ARGON/50 / ARGON/30 / <no gas=/---

Created with NETZSCH Froteus software



lon Current *10-8 /A

. o
TG /% DSC /(mW/mg) Temp. /°C
i SFWB8-15-4 + 100 uL 10M HNO3 / 0.3M HF - B T exlq 114 ¥
b Peak: 1443 °C,{U_5885 mW/mag 4 _ 1 0 = L
100-_ | i ———— = 127.6C P .'350
] =~ Onset: 153.1°C - [ 12 |
! 7 nset: ) i . I
90 - N 05 | - 300
1 Onset: 40.0 °C : 10 |
f | o g BT (1S FWEE-  S-ACIDE 023830 ngt-dsv 3 . L
-37.58 % BT AT [ 550
80 \ Fo N P 1 -
L v Fis:‘a'b&?.‘_-i:‘ﬂa.bg;&iﬂ_lr.EMn'p | - L
: =\ E}sfa‘l.&—?l\;unﬁh‘;;‘ng;31ﬂ_mﬂﬁa.lnp | L 08
70 i - [$iwb6- 15013 b 33516129 . L L 200
- s Eis.‘qﬁ&-i&@ubﬂi;siﬂ_mﬂ&? imp - F
: v, vr r:;sfaww:;:.fzﬁgl;i&\;mé_mﬁ.ar.imp : '0 5 L
i e - [istabe 15 b 031618 n39 9% inp I i 0 6 :
: L g - 150
- \ Bisfabb-i5acia 1!3 D33818_r38 34 imp I I ’
: L o \ Ejsfa'hﬁr‘u.'hl::nﬂa;!;?sié_nﬂﬁy Stimp ® _1 0 L 0 4
4 .- 14.1 °C st = = te i . - 100
s ; \ [10) 551-bE- i b B3TBI6_rmé 557 imp [ I
& \ \ e Jame :
[§1] =fwb5-15-acid b 0ATEE_md 750 imp 8
: - . Ion"\.«.‘-?eﬂ : _1 -5 It 0.2 : 50
] A -25.57 %) | ;
) . | DA e RN NP —— = |
J — e, W i " — =t e ———— - T'ﬁr L | I
: 20 [9 o
s : : —— — — — — — — — — - . :
_ Time /min
Main  2016-04-21 14:43  User: 113674 SFWB8-15-ACID B 031816 ngb-taa
[#] Instrument  File Date Identity Sample Mas... S.. Range Atmosphere ~ Corr.
[1] STA 409PC/... SFWB8-15-ACID B 031816.ngb-... 2016-03-.. SFWBB8-15-ACIDB021... SFWBB-15-ACIDB 031.. 16.3... 1.. 30°C/0.0(K/min)35.. ARGON/50/ARGON/30/<nogas.. DSC:020, TG:...
[2] QMS 403 sfwb8-15-acid b 031816_m2.00.i... 2018-03-.. sfwb8-15-acid b 031816 'Mass 2.00 1., 39°C/0.9(K/min)/1°C -
[3] QMS 403 sfwb8-15-acid b 031816_m11.98.... 2016-03-.. sfwb8-15-acid b031816 Mass 11.98 1... 39°C/O.S(K/miny1°C —
(4] QIS 403 shwb8-15-acid b 031816_m15.87.... 2018-03-_ sfwbB8-13-acid b 031818 [ass 1597 1. 39°CHO.9(Kmin)1°C =
[5] QMS 403 sfwb8-15-acid b 031816_m16.97.... 2016-03-... sfwb8-15-acid b031816 Mass 16.97 1... 38°C/0.9(K/miny1°C ---
[5] QMS 403 sfwb8-15-acid b 031818_m17.97 ... 2016-03-.. sfwb8-15-acid b031816 Mass 1797 1.. 39°C/0.9(K/miny1°C -
[f1QMS 403 sfwb8-15-acid b 031816_m30.03.... 2016-03-... sfwbB8-15-acid b031816 Mass 30.03 1.. 39°C/0.8(K/min)/1°C -
[8] QMS 403 sfwbB-15-acid b 031816_m35.94.... 2016-03-... sfwbB8-15-acid b031816 Mass 3594 1... 39°C/0.9(K/min)y1°C -
[9] QNS 402 stwb8-15-acid b 031816_m43 91 2016-03-  swbB8-15-acid b 031816 | Mass 4291 1. 139°Ci0 YKimin }'1°C
[10] QNS 403 sfwb8-15-acid b 031816_md5.91 . 2018-03-  sfwb8-15-acid b031816 Mass 4591 1... 39°C/0.8(K/min¥1°C —-—
[11]QMS 403 sfwbB-15-acid b 031816_m47.91... 2016-03-. sfwb8-15-acid b 031816 HKass 4791 1. 39°Ci0.9(Kmin}1°C -

Created with NETZSCH Proteus software
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PMT2-MPR-DOP-015-

Thermal Analysis with Off-Gas Analysis

R3-FMI by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: SSwbhX-1S-« At @ Location: __ (170
Thermal Analysis Data Sheet
XJUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A::ceﬁg::;u Performed By
7 - DOP is latest
Current DOP effective revision 12 L“ 1:::;:: erfec::::g::'i:n - Tnitials
Documentumn . o
1367Y
Z No.
Verify that DS is the current
= 2 — N/A Yes 3 2 o, Q
effective version. (circle one) |
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circleone) : TG / @ rJ/ 7 Drvwg
) _ . e D'Z./ 2811 Initials
Cal. File Name: (0T0F Tea p 0216/ WFCP QPR
Temperature & Humidity Monitor ' OY |l ¥ R (0-28-14 “3673
Calibrated Thermometer (for Water Chiller) rJ /' ” N / A 3 Z No.
=1 R-1¢
e O4Y OU %0 0P-03-16 Date

=
Analysis Type: TG / QS_C)’ other

Crucible Type: alumina TG beaker / alumina DSC pans /(Pt DSC pans/ other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes/No  AYA

Glovebox Conditions (Sections 5.3 & 5.4)

Description Cal. File No. C’éﬂ"f:l" P"“;;‘““‘ ——
LANMAS / LAMCAS B ) NA N/A [
Balance ID S Q Initials
: . Date: 03/”?/”& “;537
Date & Time Sample Vial (mm/dd7yy) - Sk 0.
Opened : 5
Time: °l '.6 Q 3-)K-16
( 24 hour) Date
%RH<15,| fpw) | DO.
N Initials Initials
Seal %RH/Temp.: _ /1% Seal %RH J
Glovebox Conditions %RH/C® | not>3% | %677 | 17902
more than Z No. Z No,
GB235 Ml e
GB235%RH/Temp.: 0.6 /35.0% %RH |3 ‘[?;t (& J/ém‘rg/ﬁb
e
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: _S€WRB X-18-4§ ACTD B Location: __ & 220
Sample Weights (Section 5.4)
Description Cal. File No. C’l;'j:"‘ Performed By Deseription
gljgf_v\_i
) Mm/dd/yy nitials
Date & Time Sample Date: 3 (¥-16 ) ik -
Weighed 7 No.
’ 24 hr.
Time:_{ 0 ' QO 2%-ib
Date
; : v | DY
Crucible / Pan Tare Wt. @A | & 8 8 ﬁ-,. o g S
13677 |le 7962
grams ZNo. ZNo.
Net Sample Weight O.017 >3g,<18¢g
26 gl
Date Date

Instrument Setup (Section 5.4)

7 Acceptance | Performed B
Parameter Data Units Criteria By Verified By

Sample Chamber Evacuated? YES/§0)
Evacuation / (circle one) .
Backfill N/A N/A

Backfill / Carrier Gas Type:\WH ¢ A ~

Gas Pressure Gas Pressure (at regulator): _ <= I ! ! psig <10 Initials _IYT—

Initials
. 50D |
Gas Flow 1 e ” 795;
Gas & Flowmeter . ‘—Lz N 7
Readings Gas Flow 2: 3_0 nh:mm N/A .
341%-1l6 3% 2
Time gas flows turned on: E N7 Date ,I')a s

Baseline (used for WTIOP 350C Bagd \Ag, O10¥LL
thermal buoyancy Filename: N/A N/A
correction)

(‘N/A’ if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

MATL NAME: SYW 3 X~ 13-4 AtLD B

Location: L Y210

Run Parameters (Sections 5.4 & 5.6)

Acceptance

Performed

Parameter Data Units Ciliteria By Verified By
Heating Rate: | O C°min| >5,<20
Maximum Temp.: 3 SLI ce <1500°C \\6
(=1000°C for 3013 Packaging) Initials Initials
Temperature :
Date Started: D >-18-16 3629 | 12797
Profile s 24 hour * ZNo. Z No.
Time Started: [ ) 1 O € ; N/A Rl | g e
mm/dd/ Date e
o yy
Total Analysis Time: ( 2 (@) L 225
ThermoStar . o
Reference Sample Temp. at Start: 3% P C N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnmi2” WM
Folder: L\) TRP " Initials
Run Data Files | Netzsch Measure Filename: N/A N/A } ) E 37.
SHWEE-iS- ALTO B 031¥i4.ngh-dkv ®
ThermoStar Filename: 3 gi 1€
) ) it e
STWEK-II-ACTD B 03\ 34 MOf-
Mass Changes:
e 7 &
1) =%50.597% Temp. Range (R - 1L6°C. ) R 1\.@
2) - i : 5-7’}“ Teitip: Rangs (L] 5 .,:.ur» Initials Initials
Wt. %/ .
Proteus Data 3) e Bangsd ) oC Toal <04 | 3672Y | jo79L2
S Z No. Z No.
4) Temp. Range ( ) 356 | 34 '3//{,
Date Date
Total Ch g
otal mass Change: __ 9515’7‘)

Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Page 57 of 63

MRS _Quadrupole Mass Spectrometry
MATL NAME: >YW%%-iS-({ ACID @ Location: (-2.2.9
Gas Data (Section 5.6
. Acceptance| Performed p
Parameter Data Units Criteria By Verified By
Volatile Species: DOryn/
Operator
D 30/l peakT (120 6C
2) (U, PeakT %M “‘14{5;) Volatile
ThermoStar —— Species/| N/A N3 7Y
Data s
N ZM%! Peak T ({338 #1 §.10 °C + ZNo.
4)  Peak T( )
Vel 16
5) Peak T ( ) T
Total Moisture = mg " "’;-‘n"-_,l,‘ll-*""'_
=
ll—\ wess V| _’_\____..‘-—""""'f Initials Initials
Total Date of most recent calibration: N NIE 7
Moisture mm' dd  yy Wt.% | <032
(H,0) %Ey(RSD.l : Z No. Z No.
/ =100 x +
Std. Error Slope e Dese
Signatures
Parameter Data Units Ag':l::_;“ Performed By
Dy
perator
Operator — DS review N/A N/A tl ) “N] 1Y
Z No.
21,k
Date
ﬁ-’ﬂ
o < ;’[
Supervisor
Supervisor — DS Review N/A N/A s ;’ ;; i
o' y
AL b /‘/j.-'-.
Date
;i o g
QR
Quality Representative — DS Review N/A N/A IH fza’; 74
0.
; Dafe
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PMT2-MPR-DOP-015-R3-FMI

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated

(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
N/A _Suammwer)

N Cul Sle 3 Cue nsar r}or(:rwqal Cod breArin, mofv-e_mmw)/
.'___é (u_‘ . ‘r\\ONV\m (O > Md ‘(r\f JAT-Aa) 3(3f5 Led a{“k

N Tewvnp. ﬂm-f?lt ~at rez. .a—\-d to o o ;lr)O(' o nen - 3013

\f’\ Se. Q_{ n.FxH Y Terne . “rud r-‘?a i\nh’_d‘ we e 3013 uerle
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Instrument: NETZSCH STA 408PC/PG

Project: WIPP

Filename: SFWB8-15-ACID C 031816.ngb-dsv
Date/Time: 3/18/2016 11:42:07 AM (UTC-6)
End Date/Time: 3/18/2016 12:14:09 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction

Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv

Crucible: DSC/TG pan Pt-Rh

Remark: SFWBB-15-ACID C 031816

Furnace: STD SIC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 mVmin predefined
Gas2: ARGON Flow: 30 miimin predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min  pts/min  hh:mm

-—- Stand-by heating 30.0 20.0

--  Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

---  Emergency 370.0

--- Final stand-by heating 30.0 40.0 00:08

- Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

o [l = T QP
OO0 = =& =i -
oOoo0co0oo0oo
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5000 pV

30000 mg
SFWB8-15-ACID C 031816
SFWBB8-15-ACID C 031816
19.33 mg

DSC/TG pan Pt-Rh

0mg

empty

0mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identlty: SFWB8-15-ACID C 031816
Filename: SFWB8-15-ACID C 031816.ngb-dsv Sample name: SFWB8-15-ACID C 031816
Date/Time: 3/18/2016 11:42:07 AM (UTC-6) Sample Mass: 19.33 mg

End Date/Time: 3/18/2016 12:14:09 PM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg

Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible

Crucible: DSCITG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas>/---
DSC DSC Range: 5000 pVv

Remark: SFWB8-15-ACID C 031816

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 42.0°C 1.6 min 5.7 min
Onset (DSC) 67.7°C 5.1 min 8.5 min
Onset (DSC) 112.1°C 8.7 min 10.2 min
Onset (DSC) 1231 °C 9.2 min 10.5 min
Onset (DSC) 163.56°C 12.1 min 14.6 min

Peak (DSC)  143.8 °C/0.6343 mW/mg 10.3 min 12.1 min

Created with NETZSCH Proteus software
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lon Current *10-6 /A

(o]
TG /% DSC/(mW/mg) Temp./°C
1 SFWB8-15-4 + 100 uL 1T0M HNQO3/ 0.3M HF -C T e - 1.0
1y Peak: 143.8 °C, 0.6343 mW/mg X@ -
100 | e N ——— 123.9C —® [ 20 350
| —— . i 9
i \\-\ Onset: 153.5 °C 0.5 i
% bl \ . _Esn&_ia:;moTcGor;sssmww ! - 300
- o » Tmc -
A b sl e
4 Onset: 42.0 °C > i mg@ihﬂjﬁps.e_ 200imp : 00 ;- 1 ‘5
80 - -41.88 % ot pjs.‘acbswisl:;&':g?m_mn B imp A T 250
= o 0] 'ﬁbﬁ—‘“\?r?gl::l';ils’ﬁ R8T [
i . = iZspa o WB_mib I imp -
3 e e -05 |
B i [E)s5ab5-15-205 0 021 Bi6_mi &7 irp - - 200
70 H A i - |n@g:T|:'a?a ) :
i [, «* E]s:.:bB—lE-im_lc_:;.:!r;SIB_m'ﬂ.Si'rrp i = 1 _0
lon Currara
[7) s5wbE-4 523 o021 B1E_n30.03irmp iy -1 0 B
Onset: §7.7 °C lon Cuet [ 150
60 ; 5] stwbS- 15203 £ 021 B18_m3s S
3 o --15 | - 100
- — Iof{.‘.mlaﬂ' - L
50 _‘ S = [‘m’;%wb.&i.&ua:_ﬁasm_nﬂbsiJm 5 | 0.5
i e pi}s'»w1::a'c¢‘:;;a“mia AT i [
: e L 20 | - 50
404 20 7 X\ Abnacs - - Onset A1ZTTT !
: kos [0 [0
T ¥ ¥ T b T d v T ¥ v T v i ¥ T 4 v ¥ T T
Time /min
Main  2016-04-21 15:13  User: 113674 SFWB8-15-ACID C 031816 .ngb-taa
nstrument 3 ate entity ample a.. S.. Range tmosphere orr.
[#11 Fil D Identi S | M S.. R A h Cc
[1] STA 409PC/.. SFWB8-15-ACID C 031816.ngb-... 2016-03-.. SFWBE-15-ACID C 031... SFWBS8-15-ACID C031... 19... 1. 30°CMO.0(K/min}¥35... ARGON/S0/ARGON/30/<nogas... DSC:020,TG:...
[2] QMS 403 sfwb8-15-acid c 031816_m2.00.imp 2016-03-... sfwb8-15-acidc 031816 Mass 2.00 1... 41°CN.3(K/min)1°C -
[3] QMS 403 sfwh8-15-acid c 031816_m11.98.i... 2016-03-... sfwb8-15-acid c 031816 Mass 11.98 1. 41°CH3(K/min)1°C -
[4] QIS 403 shwb8-16-acid c 021818_m15.97.i... 2015-03-... sfwb8-15-acid c 021816 ktass 15.97 1. 1 41°CH.3(Kimin)1°C
[5] QMS 403 sfwb8-15-acid c 031816_m16.97.i... 2016-03-... sfwbB-15-acidc 031816 Mass 16.97 ... 41°CH.3(K/min)1°C -—
[6] QMS 403 sfwb8-15-acid c 031816_m17.97.i... 2016-03-... sfwbB-15-acidc 031816 Mass 17.97 1. 41°CH.3K/min)1°C -
[7]1 QMS 403 sfwbB-15-acid c 031816_m30.03.i... 2016-03-... sfwbB-15-acid c 031816 Mass 30.03 1. 41°CH IHKminy1°C -
[B] QMS 403 sfwb8-15-acid c 031816_m35.94.i... 2016-03-... sfwbB8-15-acidc 031816 Mass 35.94 1... 41°CH.3HK/min}1°C —
[9] QMS 403 sfwbB-15-acid c 031818_m43.91.i. 2016-03- . sfwb8-15-acid c 031816 Mass 43.91 1. 41°CH.3K/min)/1°C
[10)QM S 403 sfwb8-15-acid ¢ 031816_m45.91.i... 2016-03-.. sfwb8-15-acidc 031816 Mass 45.91 1... 41°CN1.3(K'min)/1°C —
[11] QM'S 403 sfwb8-15-acid ¢ 031816_m47.91.i... 2016-03-.. sfwb8-15-acid ¢ 031816 Kass 47 .91 1. M°CHAKmMInY1°C —
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PMT2-MPR-DOP-015-
R3-FM1

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: NYWBE-1S Aczp C

Location: (LZLO

Thermal Analysis Data Sheet
Xuse Every Time
DOP and DS Verification (Section 5.3)

Parameter Data Units Accc;::;ce Performed By
DOP is latest
- i )
Current DOP effective revision R L{ nz;sl::: eﬁec:::;: ;]::n’ = Initials
Documentum i |
[1367Y
Z No.
Verify that DS is the current N/A . _ _
effective version. irett one) 3181k
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG/ @ . A
5 N/A (31/£8 /a" 6 Initials
Cal. File Name: 10¥°0 +ermp 0229 & /m# IRP OF25 16
Temperature & Humidity Monitor oY |¥kk /0/2_5 /{C ] |’5f,‘"1 k
§ Z No.
Calibrated Thermometer (for Water Chiller) N / A N / A " ¢
2 S 1%~
VRN Cleck 64 04 40 U&f/ﬂs /16 Dete

Analysis Type: TG / U other

Crucible Type: alumina TG beaker / alumina DSC pans G‘t @other

N/a

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes /No
Glovebox Conditions (Sections 5.3 & 5.4)
Description Cal. File No. C'II)':::F' l’erl';;med Deseription
LANMAS / LAMCAS Drwns
Balance ID B 3 < ( N/A A Initials
_ | pate:_03[13/ 1 3
Date & Tlome S:dmple Vial (mm/dd/yy) N/A N/A
pen: . _
Time: I SE 51§ /6
{ 24 hour) Date
%RH < 15, Q NS ié .
/l/ / Initials Initials
Seal %RH/Temp.: A Seal WRH | | ,
Glovebox Conditions %RH/C® | not>3% | //D67Y| le e
more than Z No. Z No.
GB235 |._ .
GB235%RH/Temp.: 0-6 /3L.Z %RH 5’; ¥/ B/fff b
ate it
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 54 of 63

Location: 6’ 270

MATL NAME: SYW8§ 418 ACTD C.
Sample Weights (Section 5.4)
= : Cal. Exp.
Description Cal. File No. nl)al:p Performed By Description
Initial
MWMW nitials
. Date:_O>~1¥ 16
Date & Tl.me Sample - ik /13677
Weighed 7 No.
24 hr
Time: 1] 3 ¥ 3/1%)r6
Date
Crucible / Pan Tare Wt. ; O/ hé‘
: 0./167Y 7 N/A Initials Initials
11362 | 1079
grams Z No. Z No.
Net Sample Weight 010} (}3} >3g,<18¢g .
3 -1¥k| 30446
Date Date
Instrument Setup (Section 5.4)
. Acceptance Performed .
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES 7{NO)
Evacuation / (circle one) N/A N/A
Backfill
Backfill / Carrier Gas Type: ILH P A~
Gas Pressure Gas Pressure (at regulator): <10 psig <10 ;nilials iEnCI)T
Gas Flow 1: SO /?367‘1"
Gas & Flowmeter . 20 dbisiin N/A e %&
Readings Gas Flow 2: : s
)8
Time gas flows turned on: i H Z 2 Date 2—{?{4&
Baseline (used for |(uTEp 350C BASCLENE O30 ¥ Vo 1t «]io- hy/
thermal buoyancy Filename: N/A N/A
correction)
('N/A " if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

MATLNAME: S Y WB ¥-1S-Y AUDC

Location: G’ 2oL 0

Run Parameters (Sections 5.4 & 5.6)

Acceptance

Performed

Parameter Data Units Criterha By Verified By
Heating Rate: | O C°/min| >5,<20
Maximum Temp.: "5 SO co <1500°C D W \) G
(=1000°C for 3013 Packaging) “ Initials Initials
T tu ; .
erlr’lll‘):fl':e * Date Started: > ¥ -| & “3(17‘1 1074 -
24 hour "~ ZNo. Z No.
" " F - 18- "
¥ o yy
Total Analysis Time: _(J)() . QZ/
T;:gnr::::r Sample Temp. at Start: {/ O, dﬁ c? N/A N/A
All Data stored on: “TAS5 NMT-15 Powder AL
Characterization on Winnm(2” \'7;(}1L. ~ i B—Wv\__/
Folder: w3 PF " ,m"a Y Initials
Run Data Files | Netzsch Measure Filename: N/A N/A R i
o.
SEWBE“IS-Y ACTDC 03 RIS, MO
ThermoStar Filename: % 48“ /6
Date
Mass Changes:
D =%\ S P Temp. Range ( {il = “!%-7%) 6}?%) M
2) 20,6 Temp. Range (/6575 50':- : Initials Initials
Wt. %/ P n
Proteus Data 3 Temp. R ( : oo Total <0.4 H; é;’!{/ | % z{?@
4 _ Temp.Ramge(_ ) Sy 6 | 348/
Date Date
Total mass Change:
-£3.6%%
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 57 of 63

WL 130 B E-le
STWEY-S-¢f
MATL NAME: S¥Fwasd+ ACTY C

UCNI

Location: GQILD

Gas Data (Section 5.6)
Parameter Data Units Arecpiance] Terformi Verified By
Criteria By
Volatil ies: B‘_‘E&
: perator
1 a.‘fpz;}g Peak T( 233, )
Thermostar | 2 S22 PeakT(131.1° | 213.0G Volatile
e e . Species/| N/A 11367
4 3) NO/AS, Peak T cf T Lo Z No.
4) Peak T ( )
5) Peak T ( ) gl
v 467 ‘7 —
Wt % mw I {. i Initials Initials
Total Date of most recent calibration: / / ' f
Moisture d  yy Wt.% | <032
(H:0) % Error (RSD, 1s): Z No. Z No.
/ A | — =100 x +
N Std. Error Slope Bt Bt
Signatures
Parameter Data Units A:;:l:::':“ Performed By
Operator
Operator — DS review N/A N/A UI679
Z No.
b T l &: P (ﬁ
Date
gupervi;or
Supervisor — DS Review N/A N/A qso/v
Z No,
¢/ '2,544.
Date
|24
OR
Quality Representative — DS Review N/A N/A IH92L 7’_’i
Z No.
415/ 1
Date
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:
M/ﬁ gmmrﬂ»"""l
D) necal Cile # €r" user calibaded Tea/DIC
?.\( Tlsnwumg 2o/ € wader claller Awt r‘-&(’;ur\é,ﬁ/ € WIITPP
) Ceuap Pouk e fur WTRP  dpes wot hade to gu bo 11005
- ‘ for WIpg
MJUI fl‘nr{. (o BV 1 Ou(r\ )’\\Yf Ml‘t_'_?f““-“j for QT PP

V) LIner 3-ax-lb
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Instrument: NETZSCH STA 409PC/PG DSC DSC Range: 5000 pv

Project: WIPP TG TG Range: 30000 mg

Filename: SFWBB8-15-4 200ul FeNO.ngb-dsv Sample identity: SFWBB8-15-4 200ul FeNO
Date/Time: 4/15/2016 9:52:29 AM (UTC-8) Sample name: SFWBB-15-4 200ul FeNO
End Date/Time: 4/15/2016 10:24:29 AM (UTC-6) Sample Mass: 16.768 mg

Laboratory: 55-0004-0208 Crucible: DSC/TG pan Pt-Rh
Operator: DMW Crucible Mass: 0mg

Mode: DSC-TG Reference name: empty

Measurement Type: sample with correction Reference Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Reference Crucible Mass: 0 mg

Temp.Calib.: WIPP temp 022916.ngb-tsv Material: WIPP surrogate
Sensitivity: WIPP 022916.ngb-esv Sample determination mode: Manual

Crucible: DSCITG pan Pt-Rh Residuum measurement: Not possible

Remark: SFWB8-15-4 200ul FeNO - 200 uL of ~3M Fe(NO3)-9H20 solution in 10M HNO3 / 0.3M HF

Furnace: STD SiC(PC) Furnace TC: S
Sample carrier: DSC(/TG) HIGH RG 2 Sample TC: S
Measurement End: Normal end

Gas1: ARGON Flow: 50 ml/min predefined
Gas2: ARGON Flow: 30 mi/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:
Num Mode Temp. HR Acq.Rate Duration STC G1 G2 G3
°C K/min  pts/min  hh:mm

- Stand-by heating 30.0 20.0 1 1 4 D
-~ Stand-by isothermal 30.0 00:05 1 1 1 0
1 Dynamic 3500 10.0 100.00 00:32 1 1 4 0
-~  Emergency 370.0 1 1
-—-  Final stand-by heating 30.0 40.0 00:08 1 0 0 o0
-~ Final stand-by isothermal ~ 30.0 02:00 1 0 0 0
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Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWB8-15-4 200ul FeNO
Filename: SFWB8-15-4 200ul FeNO.ngb-dsv Sample name: SFWBBS8-15-4 200ul FeNO
Date/Time: 4/15/2016 9:52:29 AM (UTC-6) Sample Mass: 16.768 mg

End Date/Time: 4/15/2016 10:24:29 AM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0 mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg

Measurement Type: sample with correction Reference Crucible Mass: 0 mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible

Crucible: DSC/TG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas>/---
DSC DSC Range: 5000 pVv

Remark: SFWB8-15-4 200ul FeNO - 200 uL of ~3M Fe(NO3)-9H20 solution in 10M HNO3 / 0.3M HF

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 108.7 °C 8.4 min 8.9 min
Onset (DSC) 36.6 °C 0.0 min 6.9 min
Onset (DSC) 1234°C 9.4 min 10.7 min
Peak (DSC)  142.9 °C/0.6414 mW/mg 9.3 min 11.9 min

Created with NETZSCH Proteus software
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lon Current *10-% /A

TG /% DSC/(mW/mg) Temp. /°C
SFWB8-15-2 + 200 uL 10M HNO3 / 0.3M HF / Fe Nitrate texqt 14
100 ; Peak: 142.9 °C, 0.6414 mW/mg XH S
Her—— T n
i '-N\ 126.6C -—é 1.0 [ 350
: ~ P i [ 1.2}
1 [1} SFWBE-15-4230 FaNO sgb-dsv L .
90 - \ R 0.5 - 300
* amp.
d [} si¢b5-15-4 200u Bro_m200imp q
1 0 5°C =" EnCnt 0 0 i 1 0 ]
1 . ., - ) sibB-15-4 Z00u Bro_mi158in o [
<A F, okl -43.19 % i LI~ ' 250
i ‘ s [ sinbE-i5d m?i.iar-a_m‘d&?’jr:p 1
e B,
T " lon Curnt - 0 8 2
i s [j 2 irb5-15-4 200U Eno_miBIT imp L _0 5 . L
?O T o - s Curaat ) = o 200
3 EizixbB-154 m%:'rbpr.n_mﬁﬁ?.lmp | -
B o, - bECulajr-t ) i
: . -'6. [i‘]sn'bk-‘li-l;?:;:a_mmm.lmp L. _1 -0 = 0_6 f
60 E Bisa-bs-xurﬁprﬁ‘;m_msssrmp ! i ¥ 150
- i a3
1 3 2 aih ' \ Eisin'bB-‘iS—-;:(:T:él:n_lrmﬁmp | _1 5 b 04 .
50 -' Onset: 108.7 °C e ' \ m]sf.i__:a-'.:--tz_lgmiam_maém.mp § 100
: ceh / \ \ |\:jsf¢&15f5;§ﬂ;ﬁ§m_mﬂ.§:_hp A 2 0 [
: Onset: 123.4 °C Bl — Y102 g,
40'. SRR A = T 134 137.0C i -"'"‘-._ -23.58 % i
! PBACDC L 2B 227 e _# o5 .
1= e e — " e — —_—— e ———c * i 0 1 0
30 1 r " " T L] - L] . 1 ' ¥ % ¥ T ]
_ Time /min
Main 2016-04-2115:40 User: 113674 SFWBB-154 200ul FeNO ngb-taa
[#] Instrument File Date Identity Sample Mas... S... Range Atmosphere Corr.
[11STA 409PC/... SFWB8-15-4 200ul FeNO.ngb-dsv 2016-04-.. SFWB8-15-4 200ul Fe... SFWBB-15-4 200ul Fe... 16.7.. 1/1 30°C/10.0(K/min)350.... ARGON/S0 / ARGON/30/ <no gas>... DSC:020, TG:...
[2]) QMS 403 sfwb8-15-4 200ul feno_m2.00.imp 2016-04-... sfwb8-15-4 200ul feno Mass 2.00 141 38°C/I0.8(Kmin)1°C --
[3] QMS 403 sfwb8-15-4 200ul feno_m11.98.... 2016-04-.. sfwbB-154 200ul feno Mass 11.88 11 35°C/I0.8(K/min)1°C -
(4] QIS 403 sfwb8- 13-4 200ul feno_m15.97.0... 2016-04-.. sfwb8-15-4 200ul feno Mass 1597 111 35°Ci0.8(K/min)1°C
[5] QMS 403 sfwb8-15-4 200ul feno_m16.97.i... 2016-04-... sfwb8-15-4 200ul feno Mass 16.97 1/1 35°C/0.8(Kmin)/1°C -
[6] QMS 403 sfwb8-15-4 200ul feno_m17.97.i... 2016-04-_ sfwb8-15-4 200ul feno Mass 17.97 1/1 35°C/0.8(K/min)/1°C -
[7] QMS 403 sfwb8-15-4 200ul feno_m30.03.i.. 2016-04-... sfwbB-154 200ul feno Mass 30.03 11 35°CI0.8(K/min)/1°C -
[8] QMS 403 sfwb8-15-4 200ul feno_m35.94.i... 2016-04-... 'sfwbB-15-4 200ul feno Mass 3594 11 38°C/0.8(K/miny1*C -
) QMS 403 ShwdB-15-4 2000 feno m42 91 2016-04- sfwb8-15-4 2000l feno Mass 4391 1 35°C0 8(Kmunyi *C
[10] QM S 403 sfwb8-15-4 200ul feno_m45.91.0.. 2016-04-... sfwb8-15-4 200ul feno Mass 4591 1/1 35°CH0.8(Kimin)1°C -
[11] QMS 403 sfwbB-15-4 200ul feno_m47 911 . 2016-04-. sfwbB-15-4 200ul feno Mass 47.91 171 35°C/0.8(Kimin}1°C —-
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PMT2-MPR-DOP-015-

Thermal Analysis with Off-Gas Analysis

R3-FM1 by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: _3YW%%- 1547904l T NO Location: _ (27 O
Thermal Analysis Data Sheet
XlUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Ag:il:::;u Performed By
q DOP is latest
; 5 g Revision frecti ision,
Current DOP effective revision R — g “:::i ﬁzl::n B Initials
Documentum
1 1367Y
Z No.
Verify that DS is the current
a : N/A Yes <S4
effective version. (circle one) Y-1v-16
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG |/ @ _
: o /A’ OZ"/‘LB j 6 Initials
Cal. File Name:\WEPP Teung 0229 16 /wiier o2Efi6
Temperature & Humidity Monitor oY %% % | O f’z, A /).6 [ {'S(_,")Li
Calibrated Thermometer (for Water Chiller) AU / A PV, / A e
Wall Clock DY OYEO 0¥ /0_‘5 /{é %LC

e
Analysis Type: TG l@! other

Crucible Type: alumina TG beaker / alumina DSC pans Qt DSC paps / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes /No N/:)‘\

Glovebox Conditions (Sections 5.3 & 5.4)

Description Cal. File No. Call).‘l:::p. P"f;;md Description
LANMAS / LAMCAS 4 C
Balance ID B > - i Initials
. : Date: b*"/l':p/ii«. _llz.sﬁcﬂ
Date & Time Sample Vial (mm/dd7y}) S A o
Opened - ki
Time: 143 Y-1s-16
(24 hour) Date
%RH<15, pyww | Yo
Initials Initials
Seal %RH/Temp.: N / ‘A Seal %RH
Glovebox Conditions %RH/C® | not>3% | _{1267Y | (679
more than Z No. Z No.
GB235 .
GB235%RH/Temp.: 0:&/725.0 %RH | [') $-16 | YA Dasf e
ate
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PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
299k Fe O ¢-210

MATL NAME: SE€WB ¥ -|S _(f’ et Location: ~EEZTTY P wi3arw w1516

LYW I YIS

Sample Weights (Section 5.4)

Description Cal. File No. Cnll).ait::p. Performed By Description
Initials
Mm/dd/yy
Date & Time Sample Date: _ “/-1S-(b 1367
. = N/A 11677
Weighed Z No.
24 hr.
Time: q i 4 3 _H’L'{(’
Date
Crucible / Pan Tare Wt. ) v | 6.
O, | 6Us T N/A Initials Initial
[13¢2Y | 12792
grams Z No. Z No.
Net Sample Weight ©0.017¢ 9 >3g,<18¢g )
Date Date
Instrument Setup (Section 5.4)
Acceptance | Performed S
Parameter Data Units Criteria By Verified By
Sample Chamber Evacuated? YES @
; ircl .
E"Ba::l‘?f;‘i’]“ / (elreloome) N/A N/A
Backfill / Carrier Gas Type: (L H£ Ar
Gas Pressure Gas Pressure (at regulator): <~ \O psig <10 Initials Initials
Gas Flow 1: SO “_Stﬁ'
Gas & Flowmeter e REY o, N/A Z No, DZ:?;
Readings GaeFlowdn 208 ' 18 '
o |y ey
Time gas flows turned on: [ %0 Date %\ié/‘é
Baseline (used for | |\ ¢p 350C Baseling 030X 16, ngb{biv
thermal buoyancy Filenamme: N/A N/A
correction)
('N/A’ if no buoyancy curve is used)

339




PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: SY0) 8¥ -15-4 ¢ 7200 L % AJO Location: _ (270
Run Parameters (Sections 5.4 & 5.6)
Parameter Data Units A:;t:;':::;“ "“";;““’" Verified By
Heating Rate: l O C°min| >5,<20
Maximum Temp.: _’) -).OOC. co < 1500°C B h{__’ .
(=1000°C for 3013 Packaging) Initials Initial
Temperature » . g
Date Started: (- 1S -6 13679 | 1072
Profile RS NS 24 hour / Z No. Z No.
Time Started: __ 1! Sy mm:’ddf N/A Le- 1516 L?A SAQ'
Date Date
Yy
Total Analysis Time: _ O (0, 52~
Tll{]:;nr::::r Sample Temp. at Start: 3Y, E ce N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnmt2” W
Folder: ) TP Initials
Run Data Files | Netzsch Measure Filename: N/A N/A H}gz
EYWBB-(SY ZO.l 7eNO, nghodsV/
ThermoStar Filename: %:'i
STWBR-1S-Y zoouwl Fe NO. M D
Mass Changes:
1) “4%.,19 Temp.Range (KT - !&3&(") DI, \\(3
2) - 23.38 Temp. Range (3.5 -450°%) * Initials Initials
Wt. %/ : 3 et
Frotous Data | 5 Temp. Range ( ) ec [ ToRISO% G ?&1" { szi(‘ 2
4) Temp. Range ( —) u-l5-16 | YA e
Date Date
Total mass Change: _. t;é’ 77 70
Notes:
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 57 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: ¢ BY (13-4 100w FE N0 Location: G-27.9O
Gas Data (Section 5.6

Acceptance| Performed
Criteria By

Volatile Species: w
perator

) g_@’[&} Peak T(_/26.6'C )

2) CQ. Peak T((57 og LS Volatile
Thegnagsmr Species/| N/A (13679
3) OO, Peak T (134 1#1 1.1%) °C T ZNo.

_ PeakT( )
)  PeakT( ) Ej_-[!):e_ﬂ

Parameter Data Units Verified By

Total Moisture = mg

Wt % f.[' P l 45 - { 9 | lerats Tnitials

Total Date of most recent calibration: Lo ¢ 1V } -

Moisture M # W% | <032
(H,0) % Error (RSD, 1s): w

Kl @ __m_:—l-lﬂﬂrx +
N ——
Std. Error Slope Die Hs

Signatures

Z No. Z No.

il

Acceptance

Parameter Data Units Criteria Performed By

[
Operator

Operator — DS review N/A N/A g/
Z No.

G ~IS-1h
Date

7
g
upervisor

L%’éa{v

)

Date
Hwm

[N

Supervisor — DS Review N/A N/A

Quality Representative — DS Review N/A N/A { M
Z No

XA

Date
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PMT2-MPR-DOP-015-R3-FM1
PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:

/A Surmmery
h Col Eale :‘\dv«\h—a/‘ purt :“tf‘Lntz/ £or (Lsor Celib ’(0/
A :-lv,wb Thr /¢ a LcurCa.ﬂ'l;nv{PQ/ /n_r/.'umem/f.
U\ "'J"‘J tor fer Water et/ fer IM‘, reousreed fur ngpn =303
'f‘\\j ﬁr’t..fi.}‘t fo [100°% wnly reg . for "{’-./('}f-‘
'—l\ \,th,f jﬁiQH }'FQMW m/\..lé)‘ réw'f re g . F@(" Wz Pp
r‘;j !’Mlk‘fw"t_,,{ U\ﬂnf‘l!rta’/:uv\ M‘f‘tf‘ﬁ:)(&:f"ﬁ.a/—hf WIFPp

S 13e7Y M=/S- /4
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-4 PUAM1.ngb-dsv
Date/Time: 3/30/2016 1:35:17 PM (UTC-6)
End Date/Time: 3/30/2016 2:07:18 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWBB8-15-4 PUAM1 surrogate + spike 1

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 ml/min predefined
Gas2: ARGON Flow: 30 mi/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Ki/min  pts/min  hh:mm

—  Stand-by heating 300 20.0

- Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

- Emergency 370.0

- Final stand-by heating 300 400 00:08

Final stand-by isothermal  30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

[ e R AN S Y
[ I R A
coocoo0o

343

5000

Y

30000 mg
SFWB8-15-4 PUAM1

SFW

B8-15-4 PUAM1

20.30 mg
DSC/TG pan Pt-Rh

0mg

empty

0mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Profeus software



Instrument: NETZSCH STA 408PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWB8-15-4 PUAMA1
Filename: SFWB8-15-4 PUAM1.ngb-dsv Sample name: SFWB8-15-4 PUAM1
Date/Time: 3/30/2016 1:35:17 PM (UTC-6) Sample Mass: 20.30 mg

End Date/Time: 3/30/2016 2:07:18 PM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg

Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible
Crucible: DSC/TG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas>/-—
DSC DSC Range: 5000 pVv

Remark: SFWB8-15-4 PUAM1 surrogate + spike 1

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 38.1°C 1.0 min 5.3 min
Onset (DSC) 67.6 °C 4.3 min 6.7 min
Onset (DSC) 104.8 °C 8.2 min 8.5 min
Onset (DSC) 113.7°C 8.9 min 11.2 min
Onset (DSC) 152.7°C 12.2 min 13.9 min
Onset (DSC) 95.5°C 7.1 min 7.7 min
End (DSC) 103.5°C 7.1 min 8.1 min
Area (DSC),0 2145 J1g 7.0 min 8.2 min
End (DSC) 1106 °C 8.1 min 8.8 min
Area (DSC),0 8.871 Jig 8.1 min 8.8 min

Peak (DSC) 138.0 °C/0.6023 mW/mg 10.0 min 12.3 min

Created with NETZSCH Proteus software
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TG /%

SFWBB-15-4 PuAm A (+200 uL Pu+Am Spike)

lon Current *10-7 /A
DSC/(mW/mg) Temp./°C

L e I -
100 ‘_’-'_‘ Peak: 138.0 °C, 0.6023 mW/img T x@ s " 30
A = g Ve e . '[1] § | B 350
1 Onset: 152.7 °C e I L
% i ‘123"-\'55-1-5-; st 0w - ': 25 - 300
L N N i i :”E i
: Onset: 38.1 °C m_mwwuﬁﬁuom — 00
J “ = N CymeT
- 5] Sead-15d paswt_mit slim " =
80 - -43.12 % . ! 20 [290
-4 rr—— ; ;q_ S m!"&%ﬂla wm L
: -* ) mmw&%mwm - '0.5
70 ki _ HET Bl oo Biaw T 971 [ i 200
| Onset67.6°C 7 4o a1 0051 1S
i * NOTE: H20 peak removed [ Faar 5 s b8t 1.0 '
! e : - 150
60 - B S 2ant w01 1o
N ‘ —_Innmm?‘ N L
4 Onset: 955 °C -l-‘ — " (_1qwlv;ag%;@9|m 1 .0
1 : : S -10.44 % B 1, asac [-1.5 - 100
50 . Area: 21.45 Jig s = \ o
] ~End: 1035 °C = e -0.5
40~ i e X k3 \ .13: . [
[ : Onset! 1137 °C """~ ==*a==er e x -..?5!1'.‘!‘5........... - | 0
1 Onset: 104. B °C Area: 8.8?1 Jig End: 110.6 °C i 0
i T 1 X L ¥ L] i o T L] L 1 iy -2'5
Main 2016-04-21 16:05 User: 113674 Tlme lm'n SFVWB8-15-4 PUAM1 ngb-taa
[#] Instrument File Date Identity Sample Mass/... Segme... Range Atmosphere Corr.
[1] STA 408PC/PG SFWBB-15-4 PUAM1.ngb-dsv 2016-03-30 SFWBB8-15-4 PUAM1 SFWB8-15-4 PUAM1 20.30 171 30°CHO0.0(K/min)f350°C ARGON/S0/ ARGON/30 / =no gas=>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-4 puami_m2.00.imp 2018-03-30 sfwb8-15-4 puam1 Mass 2.00 111 36°C/1.1(K/min)/1°C —_
[3] QMS 403 sfwb8-15-4 puam1_m11.98.imp 2016-03-30 sfwb8-15-4 puami Mass 11.98 11 36°C/H . A(K/min)/1°C —
(4] QIS 403 sfwhB-15-4 puam1_m1597.imp 2016-03-30 shwb8-15-4 puamf llass 1597 11 38°CH A(Kmin)/1*C
[5] QMS 403 sfwb8-15-4 puam1_m16.97.imp 2016-03-30 siwb8-15-4 puam1 Mass 16.97 11 36°C/ A(K/min)/1°C —
[6] QMS 403 sfwb8-15-4 puami_m17 97.imp 2016-03-30 sfwb8-15-4 puami  Mass 17.97 11 36°C/1.1(Kimin)/1°C s
[7] QMS 403 sfwb8-15-4 puami_m30.03.imp 2018-03-30 sfwb8-15-4 puami Mass 30.03 111 36°C/1 . 1(K/min)/1°C —
[8] QMS 403 sfwb8-15-4 puam1_m35.94.imp 2016-03-30 sfwb8-15-4 puam1 Mass 35.94 11 36°CH A(K/min)/1°C —
[9) QMS 403 sfwb8-15-4 puam1_m43.91.imp 2016-03-30 sfwb8-15-4 puam1 Mass 43.91 11 36°C/1 1(Kmin)/1°C —
[10] QM S 403 sfwb8-15-4 puam1_m45.91.imp 2018-03-30 sfwb8-15-4 puami Mass 45.91 171 36°Ci1 1(Kimin)/1°C —_
[11]QMS 403 :sfwb8-15-4 puam1_m47 91.imp 2016-03-30 sfwh8-15-4 puam1 Mass 47.91 171 36°Ci1 A(Kimin)/1°C —
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PMT2-MPR-DOP-015-
R3-FM1

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: _ S YW 5% -iS-4 - PUAM | Location: _ (21 Q
Thermal Analysis Data Sheet
XUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A::;‘:::;“ Performed By
DOP is latest
C ¢ DOP effecti A B L,l Revision | effective revision, as yvww
urren etlective revision O — veried on Initials
Documentum g
37y
Z No.
Verify that DS is the current Yes\/ No
effective version. ‘(:_; e one) WA e 3-30°16
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circleone) : TG | DSC
N oY/18] 17 it
Cal. File Name: TPF TEMP 022816 [ wzer o2adie /A / 8] S
Temperature & Humidity Monitor O« | %R 1@ -2 §=it “3(-‘7f ,
Calibrated Thermometer (for Water Chiller) N /' A N / A £
Wall Clock OYDYYY¥O Ok -03-1 G ~Date

Analysis Type: TG / @9! other

Crucible Type: alumina TG beaker / alumina DSC pans / Pt DSC pans / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes/No /A

Glovebox Conditions (Sections 5.3 & 5.4)

Deseription Cal. File No. | e Deseription
LANMAS / LAMCAS - L J
Balance ID B 56 R M Initi:l;
L
. . Date: 0 > /"SO/J”:; I—I—“}%Z
Date & Té)n;nse?ple Vial (mm/dd/yy) N/A N/A '
Time: /S 729 mé
(24 hour) Date
%RH < 15, N6
Initials Initials
Seal %RH/Temp.: NV /A Seal %RH
Glovebox Conditions %RH/C® | not>3% | 13479 | 07902
more than Z No. Z No.
GB235
GB235%RH/Temp.: (), {, Zr_sa. 1 wRH | 273016 /351
Date Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: __ SSW3%~1S-4 - Pyam | Location: _ G727 O
Sample Weights (Section 5.4)
Description Cal. File No. Cnllj.:‘l:p. Performed By Description
Date & Time Sample Date: D-")! 20 /’ b ) sk 31y
Weighed Z No.
24 hr.
Time: | 5,50 290l
Date
Crucible / Pan Tare Wt. - Dpars | X226
O, 16673 7 N/A Initials Initials
13477 | 107962
gral-ns Z No. Z No.
Net Sample Weight . O% 0 >3g,<18g| _ -
0 6205 3-30-(4_| 3/20/lc
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units Ag::::;“ P"r;;'“"l Verified By
Sample Chamber Evacuated? YES /NQ )
Evacuation / (circle one) .
Backfill N/A N/A
Backfill / Carrier Gas Type: UH P £
Gas Pressure Gas Pressure (at regulator): < | O psig <10 Initials "\_'I:n%
GasFlow1: _ G O
as Flow 5 ”367Z }07?é?
Gas & Flowmeter 30 - NUA Z No. e
Readings Gas Flow 2: i '
; T-Jo-i¢
Time gas flows turned on: i g S 7 Date -%EE;A‘I
Baseline (used for WITPPS5OC BASELTNE 03051 6, n_:!l' o
thermal buoyancy Filename: N/A N/A
correction)
('N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 56 of 63

MATL NAME: Location:
Run Parameters (Sections 5.4 & 5.6)
" Acceptance Performed ;
Parameter Data Units Criteria By Verified By
Heating Rate: (O C°min| >5,<20
Maximum Temp.: 3% co <1500°C e, \\G
(21000°C for 3013 Packaging) ‘%@' “initials
Temperature )
Date Started: "3~ 30 -1 (35627 | 107%
Profile : > 24 hour Z No, Z No.
Time Started: __ (33175 S mm} dd/ N/A 33014 %/‘;M(J
Date Date
FAE Yy
Total Analysis Time: (O O LY
ThermoStar : o
Referatioe Sample Temp. at Start: > &, 3 C N/A N/A
All Data stored on: “TAS5 NMT-15 Powder
Characterization on Winnmi2”
S e Hrww
Folder: \ T pPF " Initials
SHOBK- (S PUAML, (Gh dsV 1367
Run Data Files | Netzsch Measure Filename: N/A N/A ﬂl
0.
ATWBR-II-A PUAYAL. MD C
ThermoStar Filename: %M{’
Mass Changes:
1) =431 Temp. Range ( QY-ILL»SE) m“} \\&‘
2) - O‘F[‘f ; T — [ LS- quﬂ:. Initials Initials
. Wt. %/
Proteus Data | 3y _ | O, (4 Temp. Range @64 4 - IV o | Tomi<ig lD-GJZ N? (e ries sz *
4) Temp. Range ( ) %-30-16| 3/ 304@
Date Date
Total mass Change:
Notes:
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015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: SYWW® % - |S-4 - PUAM | Location: (1/).7.O
Gas Data (Section 5.6
Parameter Data Units A::c:il:::i:u l’erf;yrmed Verified By
Volatile Species: M
o atol
1 QHZE-,D Peak T (_{{E M ;131.0, o) i
2) O, PeakT(RD. 1| 3.2 2938 [ 3¢ | ' | Volatile
Thelr)m oStar Species/| N/A [ 3674
ata 3) NO/NO, Peak T (125.5] :::‘L.«(b‘fi' °C ZNo.
4 _ PeakT( )
. Z:50-(6
5 — PeakT(C ) o
Total Moisture = mg =
Wt % 'm/ Initials
p‘li O ! {:’ /
Total f most recent calibration: ____/____ /o[ |
Moisture d <0.32
(H;0) Z No. Z No.
/ Std. Error Slope - g
Signatures
Parameter Data Units Ag:il:::;“ Performed By
0454
Operator
Operator — DS review N/A N/A 1372
Z No.
%3046
Date
§up/e_msor
Supervisor — DS Review N/A N/A Q4521
Z No
"'f’/ Pk / / fé
Date
[ 2
QR
Quality Representative — DS Review N/A N/A IHX 14
No.
7 Da% :
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

Comments:

N/A  explared)ing

?\ ('ql Cale 3t nl.wi .mb‘i'ww;'/ Lo (ASE2 C ALZBRATED TTeins

7.\ Cely b Thrvasm et C-trt!HNVf Avt pen, ;ru/ A fn)‘_f}-/p

ﬂ )smﬂ P £ /r pu)?t r‘Pf‘uur—rJ_’fn o_z J/L"l & i'-" v~ WL PP

_Z)_&AJLQH’L (‘r-e«ﬂé' o rut re_c,f,. r‘ua/f/" ot PP

wtmrvﬂ- rr

DMw 117y 3°30-16
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-4 PUAM2.ngb-dsv
Date/Time: 4/7/12016 4:05:31 PM (UTC-6)
End Date/Time: 4/7/12016 4:37:32 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMW

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-4 PuAm 2 - 2nd spiked run 4-7-16

Furnace: STD SIiC(PC)
Sample carrier: DSC(/ITG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow:
Gas2: ARGON Flow:
Gas3: <nogas> Flow:

50 ml/min predefined
30 mlfmin  predefined
predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C K/min  pts/min  hh:mm

- Stand-by heating 300 200

-— Stand-by isothermal 30.0 00:05

1 Dynamic 350.0 10.0 100.00 00:32

-~ Emergency 370.0

- Final stand-by heating 30.0 400 00:08

-— Final stand-by isothermal  30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC: S
Sample TC: S

STC G1 G2 G3

O 0 = ok ek -k
OO0 = = wk -k
cocococoo

351

5000 pVv

30000 mg
SFWB8-15-4 PuAm 2
SFWB8-15-4 PuAm 2
10.254 mg

DSC/TG pan Pt-Rh
0mg

empty

0mg

0mg

WIPP surrogate
Manual

Not possible

Created with NETZSCH Proteus software



Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWB8-15-4 PuAm 2
Filename: SFWBB8-15-4 PUAM2.ngb-dsv Sample name: SFWB8-15-4 PuAm 2
Date/Time: 4/7/2016 4:05:31 PM (UTC-6) Sample Mass: 10.254 mg

End Date/Time: 4/7/2016 4:37:32 PM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg

Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible
Crucible: DSC/TG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas>/---
DSC DSC Range: 5000 pv

Remark: SFWB8-15-4 PuAm 2 - 2nd spiked run 4-7-16

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Resuit Range (min) Range (max)
Onset (DSC) 385°C 0.0 min 5.6 min
Onset (DSC) B80.5°C 5.9 min 6.9 min
Onset (DSC) 98.5°C 7.5 min 7.9 min
End (DSC) 88.6 °C 5.9 min 7.4 min
Area (DSC),0 272 Jlg 5.9 min 7.4 min
End (DSC) 105.9°C 7.9 min 8.5 min
Area (DSC),0 8.968 J/ig 7.6 min 8.6 min
Onset (DSC) 117.2°C 8.7 min 11.6 min
Peak (DSC) 142.5 °C/0.5092 mW/mg 10.4 min 12.2 min

Created with NETZSCH Proteus software

352



TG /%

lon Current *10-7 /A
DSC/(imW/mg) Temp. /°C

4 SFWBB8-15-4 + 200 uL PuAm spike - B T ex{q : -
100 1 Peak: 142.5 °C, 0.5092 mW/mg < 5.0
T e 111.4C i | _ - 350
" e A [SFWES154 FUAMZ agbasy . B 1 .0 !
- ~ o |
90 b [Flad5-184 poan 2_n2 D3 L 4 0 B 300
i e, Cltn‘:pt. - 0 5 )
) \ e o
i -37.78 % cor— fonCanart -
80 i __;.5_1..:.;(: ) [1}sra.b8—15~'4°p|:?:'fatm1_ 7 imp : = 250
1 Onset: 38.5 °C \ = (E167wbS-154 puam 2 w6 S.mp 3 0.0 L 3 O
1 N i [a'.==m'>-=u'|° T amd AT ST g ¥ L T
i e [FisinbE-i54 puarm 2_m30, 03 [
. - - 0.5
" Onset: 80 5 oC oy . [5}554..05_-::4 puam Z_mas 34.imp i L 150
60 - Area: 2.72 Ji ‘ N\ — W"*rﬂ*;‘;'“““"‘ i 20
1 rea: 2. g, i e - _
1 o \ I:Qiss.-as--.a::nz_nﬂssxn- 1 0
b {I‘:]sfa‘b&—‘;ﬂﬁ;{nﬂ?é:m 1 00
50 e L10
: ~s 2708% |p-19 [ 1-
40 - =yl o0 |
i Area: 8.968Jig ' End: 105.9 °C ) 0 0
T v T r T T T T T 2 T . T T T g T T T
Time /min
Main  2016-04-21 17:00 User: 113674 SFWBS-15-4 PuAm 2.ngb-taa
[#] Instrument File Date Identity Sample Mass/... Segm... Range Atmosphere Corr.
[1] STA 409PC/PG SFWBB-154 PUAM2.ngb-dsv  2016-04-07 SFWB8-15-4 PuAm 2 SFWB8-15-4 PuAm2 10.254 111 30°CA 0.0(Kmin)}350°C ARGON/50 f ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 403 sfwb8-15-4 puam 2_m2.00.imp 2018-04-07 sfwb8-15-4puam2 Mass 2.00 1M 37°C1.1(K'min)/1°C -
[31QMS 403 sfwb8-15-4 puam 2_m11.98.imp 2016-04-07 sfwbB-15-4puam2 Mass 11.98 11 37°C/1 1(Kimin)/1°C —
[4] QMS 403 sfwb8-15-4 puam 2_m1597.imp 2015-04-07 sfwb8-158-4puam2 lass 15.97 171 37°CA HK'min)1°C -
[5] QMS 403 sfwb8-15-4 puam 2_m16.97.imp 2016-04-07 sfwb8-15-4 puam2 Mass 16.97 11 37°CMA A(K/min)/1°C —
[6] QMS 403 sfwb8-15-4 puam 2_m17.97.imp 2016-04-07 sfwb8-15-4puam?2 Mass 17.97 111 37°CA 1{(K/min)/1°C -
[7]1 QMS 403 sfwb8-15-4 puam 2_m30.03.imp 2016-04-07 sfwbB8-15-4puam2 Mass 30.03 1M 37°CN . A(K/min)/1°C o
[8] QMS 403 sfwb8-15-4 puam 2_m35.94.imp 2016-04-07 sfwb8-15-4puam2 Mass 35.94 11 37°CM . A(KImin)/1°C —
9] QMS 4032 stwbB-13-4 puam 2_m43 91 imp 2016-04-07 sPwbB-154 puam 2 Mass 439 1 37°CH WK/ mn)1°C
[10]QMS 403 sfwb8-15-4 puam 2_m45.91 imp 2018-04-07 sfwb8-15-4puam2 Mass 4591 141 37°CM 1{K/min)/1°C —
[11] QM S 403 sfwb8-15-4 puam 2_m47.91.imp 2018-04-07 sfwbB-15-4puam2 Mass 47.91 1/1 37°CM HKfmin)/1°C e
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PMT2-MPR-DOP-015-
R3-FMI

Thermal Analysis with Off-Gas Analysis

by Quadrupole Mass Spectrometry

Page 53 of 58

MATL NAME: N FWH¥ -1S -4 puAmB Location: G270
Thermal Analysis Data Sheet
XUse Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units Aou.pta'n e Performed By
Criteria
DOP is latest
: = Revision frecti isi DM
Current DOP effective revision P.L‘i g i ec‘::si:z:i:n’ = Initials
Documentum :
1577
. . =X Z No.
Verify that _DS is th'e current | Yle‘% /No N/A Yai
effective version. circle one) H-1-/6
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG/ @ o W
" i 770 ; /U/A 02./2,8//7 Initials
Cal. File Name: bz 7 Tewrp OZ25 14 !w;t’f’ LA
Temperature & Humidity Monitor 04138% (0-LS-(& 13674
Calibrated Thermometer (for Water Chiller) n } A N / A ZHe.
: G-1-16
Wall Clock OY OY 0O % 3-1€ Date

Vo
Analysis Type: TG / @ other

Crucible Type: alumina TG beaker / alumina DSC pans / Pt DSC pans / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute):

Yes /No MR

Glovebox Conditions (Sections 5.3 & 5.4)

Descriptian Cal, File No. Cll;-:::p. Perf;;m.i Description
LANMAS / LAMCAS : Draw
Balance ID B5€¢ A s " Initials
i . Date: O fb'T ZL& )_L}Z_E#o&
Date & Tgr;ns:dmple Vial (mm/dd/yy) Yo - | .
Time:_L 6, 00 U-1-16
{ 24 hour) Date
%RH<15,| Diww) | G,
Initials Initials
Seal %RH/Temp.: N /A Seal 9RH |
Glovebox Conditions _ %RH/C® | not>3% | / S67 16796~
more than Z No. Z No.
GB235 ‘ L
GB235%RH/Temp.: 0).6/30. %RH L‘Dmﬂé iégaélé
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Page 54 of 63

015,R3 Quadrupole Mass Spectrometry
MATLNAME: _ YYWG®¥ 1S4 Pudm2 Location: G 2.2 O
Sample Weights (Section 5.4)
Description Cal. File No. Call).::‘.:p. Performed By Description
Mm/dd/yy Initials
Date & Time Sample Date: & -7-1 6 il /)362¢4
Weighed B ZNo.
_ 24 hr.
Time: | © 1" OZ b=i-1¢
Date
Crucible / Pan Tare Wt. s | 26
O 168/ NA Tnitials Tnitials
3677 | (079N
gm-ns Z No. Z No.
Net Sample Weight O. 0107 >3g,<18¢g
/ 11 | Y
Date Date
Instrument Setup (Section 5.4)
Parameter Data Uuigy. | Acceptamee | Perlormed | o ndny
Criteria By
Sample Chamber Evacuated? YES/ @
Evacuation / (eircle one) .
Backfill N/A N/A
Backfill / Carrier Gas Type: U HP A
W | N
Gas Pressure Gas Pressure (at regulator): < ! ®) psig <10 Initials W
Gas Flow 1: S O 7
- C i
Rl ewasier . 30 nh:mm N/A £Ho DZ7N2 2
Readings Gas Flow 2: : .
: Y-1-16
Time gas flows turnedon: 7O : /A Date ngmi(é
€
Baseline (used for | (5 p 2 2500 Baserone pyoxl € Mg v
thermal buoyancy Filenatiie: N/A N/A
correction)
(‘N/A" if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: Location:

Run Parameters (Sections 5.4 & 5.6)

Parameter Data Units Ag:i'::;“ P‘ﬁ;;“"' Verified By
Heating Rate: __ | (O C°min| >5,<20
. . M <]
Maximum Temp.: _ ) SO_; ; co <1500°C | o \Y) )
(21000°C for 3013 Packaging) Initials Initials
Temperature ~
Profile Date Started: ¥ =7 -1 £ 36?1 | [o796x
24 hour Z No. Z No.
Time Started: _ { 6 109 mm/dad VA y- ]Da_k; ¢ | izmtg/@
L}
‘ Yy
Total Analysis Time: QO HL
ThermoStar =
Refereiics Sample Temp. at Start: 36 C N/A N/A
All Data stored on: “TASS NMT-15 Powder
Characterization on Winnm{2”
. \ 74
Folder: WIP 4 Initials
Run Data Files | Netzsch Measure Filename: N/A N/A HzTﬁ'f
0.
VEWBY-IS-4 PUAMZ  ngbdiv
ThermoStar Filename: (%
SFPWRB-(S-Y puAm . mpc
Mass Changes:
<57 X T ki1
1) 3 Temp. Range (£T - 161.1C) Df”’“}f \:C:J'
o aent it Initials
2) ~ 721,08 Temp. Range ((£1.1°% " 550%) e
Wt. %/ _ »
Proteus Data | 3 Temg, Rungs { ) oC Total <04 | (/3¢7Y | [C79L2
- Z No. Z No.
4) Temp. Range ( ) Y-7-/6 LV”?//@
Date Date
Total mass Change:
- &4 8 ] 70
Notes:

356



PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP-
015,R3

Thermal Analysis with Off-Gas Analysis by
Quadrupole Mass Spectrometry

Page 57 of 63

MATLNAME:  SSTLB¥%

-1S- & puAm

Gas Data (Section 5.6

Location: G—’Z/‘Z, O

) Acceptance| Performed .
Parameter Data Units Criteria By Verified By
Volatile Species:
¢. Operator
1) li,gf:ﬂ Peak T(_[\ 14, 2817)¢
A (%)
2) €O, Peak T(/33.4, 22/.10) Volatile
ThermoStar —— . b
s Species/| N/A (D7Y
Data ) !3! 1¢ 956 [ o -
3) NOV Peak T i3 259, C Z No.
4) Peak T ( )
«=1-16
5) Peak T ( ) —
Total Moisture = mg /“
|_—" nitials Initials
Total
Moisture <0.32
([-[20) Z No. Z No.
/ Std. Error Slope e L
Signatures
Parameter Data Units Al:ce-pts-n o Performed By
Criteria
Eﬁemtor
Operator — DS review N/A N/A (Y e B
Z No.
L-1-l€
Dgte
7S
ol s
JSupervisor
Supervisor — DS Review N/A N/A 152/~
Z No.
K26 [/
Date
koo i
ﬁ“’ A Q
Quality Representative — DS Review N/A N/A 1Y | [H4L14
y , o
Date
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 58 of 63
015,R3 Quadrupole Mass Spectrometry

Note: Hand-written N/A entries must have SME explanation. However, computer-generated
(typed) N/A entries on this data sheet do not need SME explanation. QR review will ensure all
entries are complete before approving.

o106

a1 ¥ 67"
AL /A va‘{b{l’i pm

Comments:

D aser calibrdsd TG.A-DSC T it Wies callibrdes - ro

f/.p Howe ke

N\ ol b, J-J\orwwefaf‘ rot g mrw/ Lo WX PP Lassrle

’:i rsyr - 30 /7% CIJ’\::L?I?{J‘!’J aln ]"-t)/ /{m-l.z f‘rl{'o fl //0(’) C,
‘ tﬂ/ f.r LAY 0 50/3 .uurk

PVSTE S W A STy :3? wireyd by WIPP
: ‘ ) . 17/ v

/=924

T
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Instrument: NETZSCH STA 409PC/PG
Project: WIPP

Filename: SFWB8-15-4 PuAm 3.ngb-dsv
Date/Time: 4/8/2016 1:57:31 PM (UTC-6)
End Date/Time: 4/8/2016 2:29:32 PM (UTC-6)
Laboratory: 55-0004-0208

Operator: DMWY

Mode: DSC-TG

Measurement Type: sample with correction
Correction: WIPP 350C Baseline 030816.ngb-bsv
Temp.Calib.: WIPP temp 022916.ngb-tsv
Sensitivity: WIPP 022916.ngb-esv
Crucible: DSC/TG pan Pt-Rh

Remark: SFWB8-15-4 PuAm 3 - 3rd run spiked

Furnace: STD SiC(PC)
Sample carrier: DSC(/TG) HIGH RG 2
Measurement End: Normal end

Gas1: ARGON Flow: 50 ml/min predefined
Gas2: ARGON Flow: 30 ml/min predefined
Gas3: <nogas> Flow: predefined

Start criteria
Reset after maximum standby time: No

List of temperature steps:

Num Mode Temp. HR Acq.Rate Duration
°C Kimin  pts/min  hh:mm

—-  Stand-by heating 300 200

- Stand-by isothermal 300 00:05

1 Dynamic 3500 10.0 100.00 00:32

Emergency 370.0

-~ Final stand-by heating 30.0 400 00:08

-~ Final stand-by isothermal ~ 30.0 02:00

DSC DSC Range:
TG TG Range:
Sample identity:
Sample name:
Sample Mass:
Crucible:
Crucible Mass:
Reference name:
Reference Mass:
Reference Crucible Mass:
Material:

Sample determination mode:

Residuum measurement:

Furnace TC:
Sample TC:

STC G1 G2 G3

[l = e ey
(o T o QS SN
(=R =Nl

359

5000

uv

30000 mg
SFWB8-15-4 PuAm 3
SFWB8-15-4 PuAm 3
17.830 mg

DSC/TG pan Pt-Rh

0 mg

empty

0mg
0mg

WIPP surrogate
Manual
Not possible

Created with NETZSCH Froteus software



Instrument: NETZSCH STA 409PC/PG TG TG Range: 30000 mg

Project: WIPP Sample identity: SFWB8-15-4 PuAm 3
Filename: SFWB8-15-4 PuAm 3.ngb-dsv Sample name: SFWB8-15-4 PuAm 3
Date/Time: 4/8/2016 1:57:31 PM (UTC-6) Sample Mass: 17.830 mg

End Date/Time: 4/8/2016 2:29:32 PM (UTC-6) Crucible: DSC/TG pan Pt-Rh
Laboratory: 55-0004-0208 Crucible Mass: 0mg

Operator: DMW Reference name: empty

Mode: DSC-TG Reference Mass: 0mg

Measurement Type: sample with correction Reference Crucible Mass: 0mg

Correction: WIPP 350C Baseline 030816.ngb-bsv Material: WIPP surrogate
Temp.Calib.: WIPP temp 022916.ngb-tsv Sample determination mode: Manual

Sensitivity: WIPP 022916.ngb-esv Residuum measurement: Not possible
Crucible: DSC/TG pan Pt-Rh Atmosphere: ARGON/50 / ARGON/30 / <no gas>/---
DSC DSC Range: 5000 pv

Remark: SFWB8-15-4 PuAm 3 - 3rd run spiked

Segments: 1/1 : 30°C/10.0(K/min)/350°C

Parameters Result Range (min) Range (max)
Onset (DSC) 385°C 1.0 min 5.1 min
Onset (DSC) 100.0°C 7.6 min 8.1 min
Onset (DSC) 117.5°C 9.1 min 10.9 min
Onset (DSC) 148.5°C 11.8 min 17.7 min
Onset (DSC) 60.8 °C 3.9 min 5.8 min
End (DSC) 109.1 °C 7.9 min B.9 min
Area (DSC).0 15.97 Jig 7.0 min 8.6 min
Peak (DSC) 137.8 °C/0.6709 mW/mg 9.2 min 11.6 min

Created with NETZSCH Proteus software
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TG /%

lon Current *10- /A
DSC/(mW/mg) Temp./C

4 SFWBB8-15-4 + 200 uL Pu-Am spike - C T equ |
} Peak: 137.8 °C, 0.6708 m\W/mg X i 4
100 e —— 118.2C g ! 10 - 1.0 e
- \ ‘ Onset: 148.5 °C il s ' i
90 ; T R 05 300
§ 5 Y [ZetetSiE4 peam 32 Mimp " : A
- 138 91 % - e s-lqor&ir:fl » 0-8 [
-l F . W poaT 2_mil Skamp - i
80 - / E T Im&ir:gt e " _- 250
: i \ i [4isiabb-i54 pu?:.';lam._ ETimp p
4 Onset: 395 C n <3 [5 A‘bSrl.rl:;;;:?!"rﬂaunp i 0-0 :
- = ' e ; 06 [ 200
70 - Onset: 60.8 °C T a4 a7 ST [ -
o v.. * [Misfabss rﬁ’}%"i"mo 23imp ! i
) v i or....:':fr = |
: % b I : ! _05 g 0 4 N 150
E \ [Slefap51 ‘-?rpf;.";lﬂll imp i ’
: \\ St [ L 100
{ Onset: 100.0 °C - i T I 10 3
50 - Area: 15.97 Jig \\ e - 0.2 |
2 lon Cament 5 b 50
] End: 109.1°G s 2483% || ]
- Qnset ] f|.7. 5.‘:0 223.8C 236.3C o
] = D =15 |, |
] [ -0
T I L] L] L] . v - L] v
_ Time /min
Main 2016-04-21 16:40 User: 113674 SFWBE-154 PuAm 3.ngb-taa
[#] Instrument File Date Identity Sample Massi... Segm... Range Atmosphere Corr.
[1] STA 409PC/PG SFWB8-15-4 PuAm 3.ngb-dsv  2016-04-08 SFWBB8-15-4 PuAm 3 SFWBB-154 PuAm3 17.830 1/1 30°C/M0.0(K/min)/350°C ARGON/S0 f ARGON/30 / <no gas>/— DSC:020, TG:020
[2] QMS 402 sfwb8-15-4 puam 3_m2.00.imp 2016-04-08 sfwb8-15-4puam3 Mass 2.00 11 37°C/0.9(K/min)/1°C ===
[3] QMS 403 sfwb8-15-4 puam 3_m11.98.imp 2016-04-08 sfwb8-15-4puam3 Mass 11.98 1/1 37°C/0.9(K/min)/1°C —_
[4] QKIS 402 sfwb8-15-4 puam 3_m15.97.imp 2018-04-08 sfwbB-15-4puam 3  Mass 15.97 1 7C0. 8K min)1*C
[5] QKIS 403 sfwb8-15-4 puam 3_m16.97.imp 2016-04-08 sfwb8-15-4 puan3 Mass 16.97 11 37°C/0.8(K/min)/1°C -
[6] QMS 403 sfwb8-15-4 puam 3_m17.97.imp 2016-04-08 sfwb8-15-4puam3 Mass 17.97 11 37°C/0 9(K/min)/1°C -
[7]1QMS 403 sfwb8-15-4 puam 3_m?20.03.imp 2016-04-08 sfwb8-15-4 puam 3 Mass 30.03 1M 37°C/0.8(K/min)/1°C -
[8] QMS 403 sfwb8-15-4 puam 3 m35.94.imp 2016-04-08 sfwh8-15-4puam3 Mass 35.94 111 37°C/0. B(Kfrrm}f‘l"c -
[9] OMS 403 sfwb8-13-4 puam 2_m42 91 imp 20156-04-08 sfwhE-15-4 puam 3 Mass <397 i 7-CA 9{K/mn f
[10] QM S 403 sfwb8-15-4 puam 3 m45.91.imp 2018-04-08 sfwb8-15-4puam 3 Mass 45091 1 3?°C 0. 9(K/min)/ ‘I’C -
[11) QM S 403 sfwb8-15-4 puam 3_m47 91.imp 2016-04-08 sfwb8-15-4puam3 Mass 4791 111 37°C/0.9(K/min)/1°C -
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PMT2-MPR-DOP-015- Thermal Analysis with Off-Gas Analysis

R3-FMI1 by Quadrupole Mass Spectrometry Page 53 of 58
MATL NAME: SEWR3%-(S-4 PUAMA Location: _ (> 272.0
Thermal Aralysis Data Sheet
X|Use Every Time
DOP and DS Verification (Section 5.3)
Parameter Data Units A:;fil:::;“ Performed By
DOP is latest
’ .. Revision frecti ision,
Current DOP effective revision \ZL{ SiiiiieE . Ec:::;;:i‘:“ * Initials
Documentum
13679
Z No.
Verify that DS is the current _
effective version. le one) N Yes ',L-_@_j_ﬁ,
Date
M&TE (Sections 5.3 & 5.4)
Description Cal. File No. Cal. Exp. Date Performed By
Carrier Type (circle one) : TG [/ /@9 D yund
Cal. File Name: WZP0 te mp 02291t | wTpp 0127 )¢ YA OZ’/ 28/17 e
Temperature & Humidity Monitor O¢IBRA B f-a/ﬁ«g //4 / 35'7-"/
Calibrated Thermometer (for Water Chiller) NoOJA J:f /A Rt
Lr=ty o
Wall Clock OYo¥x0O ’5‘\"/0&//‘6 Date

=N
Analysis Type: TG / Q&C)/ other

Crucible Type: alumina TG beaker / alumina DSC pans /Pt DSC pans / other

3013 ONLY: Verify TGA/DSC Temperature Profile (to 1100°C at <20°C/minute): Yes/No A/ é

Glovebox Conditions (Sections 5.3 & 5.4)
Cal. Exp. Performed

Description Cal. File No. Date By Description
LANMAS / LAMCAS ] DO/
N/A N/A 2 ), it SN
Balance ID B B 6, -Q Initials
_ | Dates ©%/68/10 AT
Date & Time Sample Vial (mm/dd/yy) N/A N/A o

d -
ke Time: /3752 igﬁé

( 24 hour)
%RH < 15,| £/

Initials Initials
Seal %RH/Temp.: A /ﬁ‘ Seal %RH .
Glovebox Conditions %RH/C® | not>3% | /3677 m
more than Z No. Z No.

GB235
wri | P16

GB235%RH/Temp.: OH‘Z 50.7 m
Date Date

(\("J
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PMT2-MPR-DOP-015-R3-FMI1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 54 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: SYW8%-1s-4 PUAMZ, Location: _ (-27. U
7
Sample Weights (Section 5.4)
Cal. Exp.
Description Cal. File No. Date Performed By Description
Do
. / Mm/dd/yy Initials
Date & Time Sample Date: OtW‘J- 03/ Le - N/A 1367y
Weighed Z No.
24 hr
Time:__(3 ) 5'/ 5
Dat
Crucible / Pan Tare Wt. omnw/ b_L
el O 2 / 6787 N/A Initials Initials
/1317 | |[p7962
grams Z No. Z No.
Net Sample Weight 0.0(¥!S >3g <I18¢g
‘?’/Q/u /8
Date Date
Instrument Setup (Section 5.4)
Parameter Data Units A:;;l:::; o I’erf;;;med Verified By
Sample Chamber Evacuated? YESY NO
Evacuation / (circle one) .
Backfill A X
Backfill / Carrier Gas Type: (L /. A~
M)
Gas Pressure Gas Pressure (at regulator): ﬂ psig <10 Initials %%r
50
Gas Flow 1: 2 SR,
U361 | 19762
Gas & Flowmeter . 30 — N/A Z No. 7 No
Readings Gas Flow 2: : '
Y -§- Y fi ﬂ
Time gas flows tumed on: ?O : f S Date Dete
Baseline (used for | | jppp950C Baseling 030¥716 nyb bl
thermal buoyancy Filename: N/A N/A
correction)
(‘N/A’ if no buoyancy curve is used)
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PMT2-MPR-DOP-015-R3-FM1

PMT2-MPR-DOP- Thermal Analysis with Off-Gas Analysis by Page 56 of 63
015,R3 Quadrupole Mass Spectrometry
MATL NAME: S¢wb b -1S-4 PUAWMD Location: _ (27 O
Run Parameters (Sections 5.4 & 5.6)
Acceptance Performed .
Parameter Data Units Criteria By Verified By
Heating Rate: _ | O C°/min| =>5,<20
Maximum Temp.: _ 35D co <1500°C N
(=1000°C for 3013 Packaging) Initials Initials
Temperature .
Date Started: O Y /D-?/”:J U362y | lp 2
Profile . : 24 hour Z No. Z No.
Time Started: __ /355§ 8 y N/A m
. m“;;ddf Date Date
Total Analysis Time: () O ' o 57
T;:;:lr::::r Sample Temp. at Start: % (5. § c° N/A N/A
1D tor: rkad] b MT-15 Powder
Characterization on Winnmt2" m
Folder: %
WTpP
Run Data Files | Netzsch Measure Filename: N/A N/A 7! 2 ff?‘ i
0.
STwBY ~(S-4 puAm3. ngh-dsv
ThermoStar Filename: U"]?/'m—‘/é
(<
(FWBR-1S-Y Py Am3 . . MDC
Mass Changes:
D “3%% Temp.Ran,ge(ET-lSE.'Jo(.,} OM-M'\) N.
2) - (_ Y _" ) Temp. Raugc (IS Y. 531."'9(,-) Initials Initials
Wt. %/ ;
Proteus Data 3) Tamp: Rangel ) oC Total <04 | || 727 ;:7 | Dﬁfl
4) Temp. Range ( ) Y-9-16 q/ 3Ab
Date Date
Total mass Change: - 63.7 % 70
Notes:
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PMT2-MPR-DOP-015-R3-FM1

015,R3

PMT2-MPR-DOP-

Thermal Analysis with Off-Gas Analysis by

Quadrupole Mass Spectrometry

Page 57 of 63

MATL NAME: SY W8k -1S -4 PuAam3

Gas Data (Section 5.6

Location: G'L‘LO

Parameter Data Units Acce.pta‘rm e Verified By
Criteria By
Volatile Species: SM&\,\/
Operator
) Q/H,0 peak T (L QL H
2) O Peak T (274 _125.9)C Volatile
Theg“:f“” . Species/| N/A 113679
" 3) NOJA0,  Peak T(LOH.S 1227 L5%.3% 0 -~ ZNo.
4) Peak T ( )
5) Peak T ( ) O_ﬂ’.é{_es.l_l ¢
Total Moisture = mg j
/ L — it
Wi % , y /° § /nitals Initials
4/ O L —
Total Date of most recent calibration: / 4 /}.._'l,4 =
Moisture mm | df [ I/ =" Wt% | <032
(H20) % Error (RSD, Is): D m i Z No. Z No.
N / Loos” =
§ Std. Error Slope Delo i
Signatures
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015,R3 Quadrupole Mass Spectrometry
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Form 2033
Reference No:

SQAD-16-TAS5-ACHAR-003

" Los Alamos The Software Owner RLM must retain completed forms as a record.

NATIONAL LABORATORY
- — Safety/Non-Safety Software Determination,

Categorization, and Software Risk Level (SRL)

Part 1: Document the rationale supporting the reasonable probability that the software may be safety software, or risk
significant software.

1.1 Excluding personal productivity software that does not provide calculation output (e.g. e-mail software, presematlon software),

indicate whether the software is or will be used in connection with the design, analysis and/or operation of:

|X| a nuclear (including radiological) facility (Ref. LANL Nuclear Facility List or Conduct of Operations Resources website), or

D an accelerator, live-firing range, biological hazard facility, high explosive facility, or moderate- or high- chemical hazard
facility as determined using SBP111-1, Facilily Hazard Categorization and Documentation; or

|:| LANL's Essential Functions as described in EPP-COOP-006, LANL COORP [Continuity of Operations] Plan.
Provide supporting comments (as necessary to document the selection above):

Manufacturer-supplied, instrument-specific software is used to operate, collect and process data from ML-4 scientific instrumentation located within
a PF-4 glovebox. The software is not used for design, analysis of, or operation of, a Nuclear Facility.

Part 2: Document the software lnfonmtlon, software application(s) and software function(s). A separate form may be used
for each software item or one form may be used for multiple software items.

2.1 Provide software name(s) |2.2 Provide software version(s) | 2.3 Indicate software owner (SO) |2.4 Indicate SO Organization

Netzsch Measure / Proteus Any of the following: David M. Wayne MET-1
4.3.1/17-05-2004 for
Windows 2000 or XP;
4.5.8/11.08.2009 for
Win XP; or 6.1.0/
02.09.2015 for Win XP
or Win 7

2.5 Provide a description of the specific facility application(s) to sufficient detail to allow the software to be readily traceable to the
point(s) of application within the facility. Include technical area (TA) and building number; or, site-wide or Facility Operating
Directorate (FOD)-wide use. Add other information as required

Instrumentation and software located in TA-55, PF-4 and in PF3 , Software has no 'facility application.'

2.6 Indicate System, Structure or Components (SSCs) controlled or affected by the software. Indicate NA if not applicable
Simultaneous Thermal Analyzer

2.6.1 Provide SSC name(s): Netzsch STA 409 PC 'Luxx'

2.6.2 Provide functional requirement(s) of the software associated with the SSC:

software used to operate, maintain, calibrate, and process thermal analysis data obtained using the Netzsch STA 409 PC 'Luxx.'

2.6.3 Provide reference document(s) describing the SSC/software:

Netzsch: Operating Instructions for STA Apparatus STA 409 PC Luxx

Netzsch Software Manual — Netzsch Proteus Software for Win XP or 7, versions: 4.2, 4.3, (18.03.2002), 4.8.5 (11.08.2009) or 6.1.0 (02.09.2015).

Provide supporting comments (as required):
see PMT2-MPR-DOP-015

2.7 Indicate facility classification, design, or analysis controlled or affected by the software. Indicate NA if not applicable

NA
2.7.1 Provide facility classification, design or analysis name;

2.7.2 Provide software functional requirement(s) associated with the facility classification, design or analysis:
2.7.3 Provide reference document(s) describing the facility classification, design, or analysis:

Provide supporting comments (as required):

Form 2033 (10/15) Page 1
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2.8 Indicate the hazard control, Safety Management Program (SMP)_amd or technical safety requirements (TSRs) controlled or
affected by the software. Indicate NA if not applicable

NA
2.8.1 Provide the hazard control, SMP and/or TSR name:

2.8.2 Provide the software functional requirement(s) for the hazard control, SMP and/or TSR:
2.8.3 Provide reference document(s) describing the hazard control, SMP and/or TSR:

Provide supporting comments (as required):

Part 3: Determine whether the softwarﬁype lsﬁi safety software; or (2) non-safety software and the assoclated category for
each type.
3.1 Check one of the following (3.1.1 through 3.1.5) to determine one of the two software types (safety software or non-safety

software) and one of the associated 5 categories for each type (i.e. Categories include SSS, SHADS or SMACS for safety
software; and, Risk Significant or Commercially Controlled for non-safety software).

Note: If software is determined to be safety software or risk significant software, complete all parts of this form. If software is
determined to be commercially controlled software, complete all parts of this form except for Part 4.

311 This is software for a nuclear (including radiological) facility that performs, or will perform a safety function as part of a
Safety Structure, System, and Component (SSC) and is cited in either (a) a Department of Energy (DOE)-approved
software: SSS documented safety analysis; or, (b) an approved hazard analysis per DOE P 450.4A, Integrated Safety Management
Policy and 48 Code of Federal Requlations (CER) 970-5223-1, Integration of Environment, Safety, and Heaith into
I:l Work Planning and Execution. This is safety software and is categorized as Safety System Software (SSS).

Provide supporting comments (as required):

! 3.1.2 This is software that is used, or will be used to classify, design, or analyze nuclear (including radiological) facilities. This
Safety software is not part of an SSC, but helps to ensure the proper accident or hazards analysis of nuclear (including
software: ‘ radiological) facilities or an SSC that performs a safety function. This is safety software and is categorized as Safety

SHADS Iz-md Hazard Analysis Software and Design Software (SHADS).
D | Provide supporting comments (as required):
3.1.3 This is software that performs or will perform a hazard: control function in support of nuclear (including
Safety | radiological) facility radiological safety management programs (SMPs) or technical safety requirements (TSRs).
software: | This is safety software and is categorized as Safety Management and Administrative Controls Software
SANCH N |(SMACS).
|
]:] Provide supporting comments (as required):

This is software that performs, or will perform a control function in support of a nuclear (including radiological)
facility necessary to provide adequate protection from nuclear (including radiological) facility radiological hazards.
It supports eliminating, limiting, or mitigating nuclear hazards to workers, the public, or the environment as

I:l addressed in 10 CFR 830, Nuclear Safety Management, 10 CER 835, Occupational Radiation Protection, and the
Department of Energy Acquisition Regulation (DEAR) Integrated Safety Management System (ISMS) clause

| | 48 CFR 970.5223-1, Integration of Environment, Safety, and Health into Work Planning and Execution. This is

| safety software and is categorized as Safety Management and Administrative Controls Software (SMACS).

I Provide supporting comments (as required):
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314

" 'Non-safety
software: Risk
Significant

O

This is software that is, or will be used for any of the purposes that safety software is used for only such purposes are
in or for an accelerator, live-firing range, biological hazard facility, high explosive facility, or moderate- or high- chemical
hazard facility OR, failure of the software would prevent LANL from performing Essential Functions as described in
EPP-COOP-006, LANL COOP [Continuity of Operations] Plan. This is non-safety software and is categorized as Risk
Significant software.

Provide supporting comments (as required):

315
Non-safety
software:

Commercially
Controlled

X

This is software that is not, or will not be used for any of the above purposes in 3.1.1-3.1.4. Such software may be
acquired (including commercial off the shelf (COTS)) or designed software. Examples of this software include personal
productivity software (e.g., Microsoft PowerPoint, Oracle Project Primavera, MS Outlook, etc.) and other types of
software (e.g., some business accounting systems, facility personnel comfort temperature monitoring systems).This is
non-safety software and is categorized as Commercially Controlled software. Proceed to Part 5.

Provide supporting comments (as required);

Part 4: Determine the Software Risk Level (SRL).

41

SRL 1

[

Complete this section for safety software and risk significant (non-safety) software. Check only one of the following to
determine the SRL. Text shown in [brackets] is applicable to safety software only.

4.1.1 This level includes software applications that meet one or more of the following criteria. Failure of the software could:

Provide supporting comments (as required):

= [Compromise a limiting condition for operation].

= [Cause a reduction in the safety margin for a safety SSC that is cited in a DOE approved documented safety
analysis.]

= Cause a reduction in the safety margin for other systems such as toxic or chemical protection systems that are
cited in either (a) a DOE approved documented safety analysis or (b) an approved hazard analysis per
DOE P 450.4A, Integrated Safety Management Policy, and the DEAR ISMS clause (48 CFR 970.5223-1,
Integration of Environment, Safety, and Health into Work Planning and Execution).

= Result in non-conservative safety analysis, design, or misclassification of facilities or SSCs.

'SRL 2

4.1.2 This level includes [safety] software applications that do not meet SRL 1 criteria, but meet one or more of the

Provide supporting comments (as required);

following criteria:

« [Safety management databases used (o aid in decision making whose failure could impact safety SSC
operation.]

* Software failure that could result in incorrect analysis, design, monitoring, alarming, or recording of hazardous
exposures to workers or the public.

= [Software failure could compromise the defense-in-depth capability for a nuclear (including radiological) facility.]

SRL 3

4.1.3 This level includes software applications that do not meet SRL 2 criteria, but meet one or more of the following

Provide supporting comments (as required):

criteria. Failure of the software could:

= Cause a potential violation of regulatory permitting requirements.

= Affect environment, safety, health monitoring, or alarming systems.
= Affect the safe operation of an SSC.

[ Part 5: Attest to compliant completion, review and approve.

Form 2033 (10/15)

Page 3
384




5.1 As the Software Owner (SO), | have determined the software type, category,

Signature Date -~

and as appropriate, SRL, in accordance with P1040, Software Quality
Management and the instructions associated with this form. ( [ } ﬂ M\ W W f -5+ )13
Provide SO Name/Z No. (print): David M. Wayne / 113674 g

5.2 As the Software Owner Responsible Line Manager (SO RLM), | have Signature Date
reviewed and approve the determination of the software type, category and,
as appropriate, SRL for the software as described on this form. - Y

_7d /<8

Provide SO RLM Name/Z No. (print): Kent Abney/ 101670 .__7“-8 6

53  As the [ Facility Design Authori ive (FDAR) for my Signature > Date

representative facilities, or, as the [_] LANL Design Authority (DA), | have
reviewed and approve the determination of the software type, category and,

as appropriate, SRL for the software as des%q r:’ 21}3 221@ /// //

Check one and provide Name/Z No. (print): ) 51 3 ﬁ /

Note: The Responsible Assaciate Director (RAD) is authorized to review and

approve Form 2033s (rather than the FDAR or DA) for software applications
where, as determined by the FDAR or DA, the FDAR or DA does not have
the knowledge and/or a reasonable connection to the software.

N g

%/J/f

Form 2033 (10/15)
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Form 2033
Reference No:

SQAD-16-TAS5-ACHAR-002

. Los Alamos The Software Owner RLM must retain completed forms as a record.

NATIONAL LABORATORY
I — Safety/Non-Safety Software Determination,

Categorization, and Software Risk Level (SRL)

Part 1: Document the rationale supporting the reasonable probability that the soﬂwara may be safaty softwara. or risk
significant software. "~ = TS TR R RS S ST T T e R B e il e ik
1.1  Excluding personal productivity software that does not provide calculation output (e.g. e- mall software presenlatlon software}
indicate whether the software is or will be used in connection with the design, analysis and/or operation of:
& a nuclear (including radiological) facility (Ref. LANL Nuclear Facility List or Conduct of Operations Resources website), or
|:| an accelerator, live-firing range, biological hazard facility, high explosive facility, or moderate- or high- chemical hazard
facility as determined using SBP111-1, Facility Hazard Categorization and Documentation; or
LANL'’s Essential Functions as described in EPP-COOP-006, LANL COOP [Continuity of Operations] Plan.

Provide supporting comments (as necessary to document the selection above):

Manufacturer-supplied, instrument-specific software is used to operate, collect and process data from ML-4 scientific instrumentation located within
a PF-4 glovebox. The software is not used for design, analysis of, or operation of, a Nuclear Facility.

on(s). A separate form may be used

21 F'rowde scftware name(s) 2 2 Prowde software verSfon(s) 23 !ndlcate software owner (SO) 24 _Indiﬁate 56 brganization
Pfeiffer ThermoStar Suite 7.03, for Windows 2000 David M. Wayne MET-1
(Quadstar 32-Bit) or XP

2.5 Provide a description of the specific facility application(s) to sufficient detail to allow the software to be readily traceable to the
point(s) of application within the facility. Include technical area (TA) and building number; or, site-wide or Facility Operating
Directorate (FOD)-wide use. Add other information as required

Instrumentation and software located in TA-55, PF-4 and in PF-3. Software has no 'facility application.’

2.6 Indicate System, Structure or Components (SSCs) controlled or affected by the software. Indicate NA if not applicable
Quadrupole Mass Spectrometer

2.6.1 Provide SSC name(s): Pfieffer ThermoStar GSD301T3

2.6.2 Provide functional requirement(s) of the software associated with the SSC:

calibration, maintenance, and operation of a Pfeifer quadrupole mass spectrometer for gas analysis
2.6.3 Provide reference document(s) describing the SSC/software:

Pfeiffer Vacuum (BG 805 951 BE [0110]); OmniStar / ThermoStar Gas Analysis System, Operating Instructions

Provide supporting comments (as required):
sce PMT2-MPR-DOP-015

2.7 Indicate facility classification, design, or analysis controlled or affected by the software. Indicate NA if not applicable

NA
2.7.1 Provide facility classification, design or analysis name:

2.7.2 Provide software functional requirement(s) associated with the facility classification, design or analysis:

2.7.3 Provide reference document(s) describing the facility classification, design, or analysis:

Provide supporting comments (as required):

Form 2033 (10/15) Page 1
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2.8 Indicate the hazard control, Safety Management Program (SMP) and or technical safety requirements (TSRs) controlled or
affected by the software. Indicate NA if not applicable

NA
2.8.1 Provide the hazard control, SMP and/or TSR name:

2.8.2 Provide the software functional requirement(s) for the hazard control, SMP and/or TSR;
2.8.3 Provide reference document(s) describing the hazard control, SMP and/or TSR

Provide supporting comments (as required):

! Part 3: Determine whether the software type is (1) safety software; or (2) non-safety soﬂware and the associated category for
each type.

3.1 Check one of the following (3.1.1 through 3.1.5) to determine one of the two software types (safely software or non—safety

software) and one of the associated 5 categories for each type (i.e. Categories include SSS, SHADS or SMACS for safety
software; and, Risk Significant or Commercially Controlled for non-safety software).

Note: If software is determined to be safety software or risk significant software, complete all parts of this form. If software is
determined to be commercially controlled software, complete all parts of this form except for Part 4.

311 This is software for a nuclear (including radiological) facility that performs, or will perform a safety function as part of a
Safety Structure, System, and Co'mponent (SSC) and is cited in either_{a) a Department of Energy (DOE)-approved
software: SSS documented safety analysis; or, (b) an approved hazard analysis per DOE P 450 4A, Integrated Safety Managgment
Policy and 48 Code of Federal Regulations (CER) 970-5223-1, Infegration of Environment, Safety, and Health into
D Work Planning and Execution. This is safety software and is categorized as Safety System Software (SSS).

Provide supporting comments (as required):

312 This is software that is used, or will be used to classify, design, or analyze nuclear (including radiological) facilities. This

Safety software is not part of an SSC, but helps to ensure the proper accident or hazards analysis of nuclear (including
software: | radiological) facilities or an SSC that performs a safety function. This is safety software and is categonzed as Safety
SHADS and Hazard Analysis Software and Design Software (SHADS).

[:] Provide supporting comments (as required):
313 This is software that performs or will perform a hazard control function in support of nuclear (including
Safety radiological) facility radiological safety management programs (SMPs) or technical safety requirements (TSRs).
Softwere: D This is safety software and is categorized as Safety Management and Administrative Controls Software
SMACS (SMACS).
D Provide supporting comments (as required):

[ This is software that performs, or will perform a control function in support of a nuclear (including radiological)
facility necessary to provide adequate protection from nuclear (including radiological) facility radiological hazards.
It supports eliminating, limiting, or mitigating nuclear hazards to workers, the public, or the environment as
D addressed in 10 CER 830, Nuclear Safety Management, 10 CFR 835, Occupational Radiation Protection, and the
Department of Energy Acquisition Regulation (DEAR) Integrated Safety Management System (ISMS) clause
48 CFER 970.5223-1, Integration of Environment, Safety, and Health into Work Planning and Execution. This is
safety software and is categorized as Safety Management and Administrative Controls Software (SMACS).

Provide supporting comments (as required):
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. 314
Non-safety
software: Risk
Significant

O

This is software that is, or will be used for any of the purposes that safety software is used for only such purposes are
in or for an accelerator, live-firing range, biological hazard facility, high explasive facility, or moderate- or high- chemical
hazard facility OR, failure of the software would prevent LANL from performing Essential Functions as described in
EPP-COOP-006, LANL COOP [Continuily of Operations] Plan. This is non-safety software and is categorized as Risk
Significant software.

Provide supporting comments (as required):

3.1.5
Non-safety
software:
Commercially
Controlled

X

This is software that is not, or will not be used for any of the above purposes in 3.1.1-3.1.4. Such software may be
acquired (including commercial off the shelf (COTS)) or designed software. Examples of this software include personal
productivity software (e.g., Microsoft PowerPoint, Oracle Project Primavera, MS Outlook, etc.) and other types of
software (e.g., some business accounting systems, facility personnel comfort temperature monitoring systems).This is
non-safety software and is categorized as Commercially Controlled software. Proceed to Part 5.

Provide supporting comments (as required):

Part 4: Determine the Software Risk Level (SRL).

4.1

Complete this section for safety software and risk significant (non-safety) software. Check only one of the following to
determine the SRL. Text shown in [brackets] is applicable to safety software only.

SRL 1

[

4.1.1 This level includes software applications that meet one or more of the following criteria. Failure of the software could:

Provide supporting comments (as required):

= [Compromise a limiting condition for operation].

= [Cause a reduction in the safety margin for a safety SSC that is cited in a DOE approved documented safety
analysis.]

= Cause a reduction in the safety margin for other systems such as toxic or chemical protection systems that are
cited in either (a) a DOE approved documented safety analysis or (b) an approved hazard analysis per
DOE P 450.4A, Integrated Safety Management Policy, and the DEAR ISMS clause (48 CFR 970.5223-1,
Integration of Environment, Safety, and Health into Work Planning and Execution).

= Result in non-conservative safety analysis, design, or misclassification of facilities or SSCs.

SRL 2

4.1.2 This level includes [safety] software applications that do not meet SRL 1 criteria, but meet one or more of the

Provide supporting comments (as required);

following criteria:

= [Safety management databases used to aid in decision making whose failure could impact safety SSC
operation.]

= Software failure that could result in incorrect analysis, design, monitoring, alarming, or recording of hazardous
exposures to workers or the public.

= [Software failure could compromise the defense-in-depth capability for a nuclear (including radiological) facility.]

SRL 3

4.1.3 This level includes software applications that do not meet SRL 2 criteria, but meet one or more of the following

Provide supporting comments (as required):

criteria. Failure of the software could:

= Cause a potential violation of regulatory permitting requirements.

= Affect environment, safety, health monitoring, or alarming systems.
* Affect the safe operation of an SSC.

Part 5: Attest to compliant completion, review and approve.
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5.1 As the Software Owner (SO), | have determined the software type, category,

representative facilities, or, as the D LANL Design Authority (DA), | have
reviewed and approve the determination of the software type, category and,
- as appropriate, SRL for the software as descnbed this form.

Check one and provide Name/Z No. (print): % e 4/‘4‘0 /%"7 ///

Note: The Responsible Associate Director (RAD) is authorizegyto review and
approve Form 2033s (rather than the FDAR or DA) for software applications
where, as determined by the FDAR or DA, the FDAR or DA does not have
the knowledge and/or a reasonable connection to the software.

//f%

Signature Date
and as appropriate, SRL, in accordance with P1040, Software Quality )
Management and the instructions associated with this form. w {221\
Provide SO Name/Z No. (print): David M. Wayne / 113674

5.2 As the Software Owner Responsible Line Manager (SO RLM), | have Signature Date
reviewed and approve the determination of the software type, category and,
as appropriate, SRL for the software as described on this form.
Provide SO RLM Name/Z No. (print): Kent Abney / 101670 ?’[—7""’72-\ /e
5.3 As the [4Facility Design Authority Representative (FDAR) for my Signature Date

/
%/,\,g._
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